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Preface

Th is book is intended for courses in philosophy of science for engineers at the 
bachelor’s level in engineering studies, at universities or other institutions of 
higher education. Th e main target group is engineering students in their third 
year of studies. However the book is also targeting a wider academic audience. 
Th e book may actually function as a means to achieve greater self-understand-
ing for both teachers in engineering disciplines and for practitioners. As the 
book is also a contribution to an ongoing debate among academics within the 
fi elds of history, sociology and philosophy of technology, academics within 
these fi elds are another important target group. Educational policy makers, as 
well on a political as on an institutional level, may also fi nd valuable matter for 
refl ection and inspiration in this book.

Th e book is meant to serve either as a course book covering an entire course 
in philosophy of science for engineers or as basic reading to be used in com-
bination with other kinds of materials and exercises. As a complement to this 
book, a CD has been published with Powerpoint presentations of the indi-
vidual chapters. (To buy a copy of the CD please contact birkstudieboghandel
@hih.au.dk). It can serve as a pedagogical support for those who teach phi-
losophy to engineering students. Both the book and the presentations cover 
historical, philosophical and ethical aspects of engineering. Th us the approach 
is metadisciplinary, which means that theoretical perspectives from the social 
sciences and the humanities or from disciplines outside engineering proper are 
used to introduce concepts and theoretical frameworks which are suitable for 
meta-refl ections on engineering.

Th e structure of the book is as follows. At the beginning, there is an introduc-
tion which serves to enframe the contents of the book but can also be read 
separately. Th e separate chapters are grouped into four main sections, the con-
tents of which are presented and framed in a short introductory text for each 
section. An abstract at the beginning of each chapter is intended to support 
the reader’s overview. 
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In the fi rst section, accounts are given of exemplary periods of the history of 
engineering in which new ideals of Bildung are formulated. Th ese ideals of Bil-
dung are discussed as to their applicability today when discussing new ideals of 
occupational Bildung in engineering. Th e second section is more heterogene-
ous. It features the epistemology of engineering design practice, the epistemo-
logy of engineering science, situated learning in communities of practitioners 
in engineering, philosophy of and in engineering. Finally it gives an account 
of aspects of Anglo-Saxon philosophy of technology as to the possibility to de-
mocratise the design of technology. Th e third section starts with a presentation 
of tools for ethical refl ection followed by articles which give instantations of 
ethical problems to be dealt with by engineers at diff erent levels of complexity. 
Th e fi nal part features company requirements to engineers in a global know-
ledge economy and discusses diff erent aspects of engineering roles in society. 
Th is section is linked to the fi rst section as it discusses occupational Bildung 
and the concept of “Th e New Engineer” in a company and in a global perspec-
tive. At the end of the book we have included a short section including defi ni-
tions of important key concepts, as an aid to those of the readers who are not 
familiar with them. To make it easier to fi nd the way through the book, an 
index of concepts is to be found at the end of the book.

As each chapter is written independently it may be read separately; similar-
ly, the individual sections may be read separately. Th e diff erent backgrounds 
and disciplinary approaches of the authors may result in what may appear 
as redundancies or diff erences in connotations of concepts. Th is is just an il-
lustration of the complexity and the challenge of transcending disciplinary 
borders. Th rough cross-references in the chapters new thematic entities may be 
established. As an instance of this principle, the chapter “Th e Knowledge of 
Engineers” on engineering design practice may be combined with the chapter 
on “Th e Ethics of Engineering Practice”. Th e reader will fi nd many other pos-
sibilities of combining the articles. 
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General Introduction

Occupational Bildung in Engineering Education

Steen Hyldgaard Christensen, Martin Meganck and Bernard Delahousse

“Bildung, i.e. education that goes beyond the needs of the day, and beyond the 
vocational core, is more than ever necessary in a society that sees itself not only as 
open, but indeed as accelerating, in that it holds as a credo that there be unlimited 
mobility, innovation at any price, and chameleon-like fl exibility.” (Mittelstrass 
2006: 1)

“It is rare for engineering students … to question everything under heaven or earth 
in the way that good science students will.” (C.P. Snow (1966) 1973: 123)

Th is book is concerned with Bildung, with engineers and with engineering 
education. As observed by Jürgen Mittelstrass, Bildung cannot be instrumen-
talised, it transcends the needs of the day. Bildung represents a fundamen-
tally critical refl ection on the relationship between the whole and the part and 
thus serves to give knowledge orientation as to its function in a world which 
abounds with information. According to C.P. Snow, there is a lack of this kind 
of critical refl ection in engineering to the detriment of the profession. 

In the context of engineering education, this book discusses the fundamental 
question of how to expand the thinking of engineers beyond instrumental 
thinking and mere technicalities. Hence, it argues for the need for a new oc-
cupational ideal of Bildung for engineers. Th e purpose of this ideal is twofold: 
1) to provide future engineers with better skills in critical refl ection and cross-
disciplinary collaboration than today and 2) to make engineering more attrac-
tive as a profession to students. 

In research on engineering, whether carried out by social scientists (McIlwee 
and Robinson 1992; Copeland and Lewis 2004; Goujon and Hériard-Du-
breuil (eds) 2001), by researchers from the humanities (Ferguson 1977; 1993) 
or by engineers themselves (Florman 1987; 1996, Bucciarelli and Kuhn 1997; 
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Beder 1998), in governmental reports and in reports from societies of engineers 
worldwide (Th e Institutions of Engineers, Australia, 1996; Ministry of Science, 
Technology and Innovation, Ministry of Education, Confederation of Dan-
ish Industries, Th e Danish Society of Engineers, Denmark (2005), SEFI) in 
Boards of accreditation for engineering studies (ABET), the need for a broader 
education of future engineers seems to be fully documented to an extent that 
it seems justifi able to speak of a general crisis in engineering education calling 
for “a new engineer”. Willingly or unwillingly engineering in the 21st century 
is standing at a crossroads.

Th e call for “a new engineer” is backed up by the UNESCO “Declaration 
on Science and the use of Scientifi c Knowledge” agreed to at the UNESCO 
World Conference held in Budapest in 1999 entitled “Science in the Twenty-
fi rst Century: A New Commitment”. Th e ensuing declaration stipulates that 
the education of all young researchers should encompass research ethics as 
well as the history, the philosophy and the cultural impact of science. As a 
consequence of the UNESCO Declaration, the Danish Ministry of Education 
decided from 2004 onward to make courses in Philosophy of science a com-
pulsory part of all degree courses at the bachelor’s level in Denmark. Whereas 
such courses have already been implemented in universities, they are yet to be 
implemented in engineering studies in other institutions of higher education. 

From a cultural change perspective, much research attention has been paid 
to the engineering culture (Changing the Culture 1996; Copeland and Lewis 
2004; McIlwee and Robinson 1992) and the mechanisms through which it 
integrates its members and maintains its coherence. On the surface, the no-
tion of “engineering culture” seems to be a contradiction since the engineering 
profession, as opposed to medicine and law, has no common knowledge base. 
Engineering can thus be divided into a multiplicity of specialities and specialist 
knowledge domains, each characterized by specifi c epistemic cultures. In the 
same vein, engineering practice can equally be divided into a plethora of com-
munities of practitioners, each characterized by specifi c occupational cultures. 
Still, it seems justifi able to speak of an overarching, coherent and pervasive 
engineering culture.

A core idea in trying to identify a culture is to look for its normative founda-
tion. Engineers are supposedly integrated into the engineering culture through 
their adherence to a set of norms. Th us the engineering culture has been cha-
racterized as a culture of “the right answer”. A useful elaboration is presented 
by Leonardi (2003: 102). Leonardi points to a set of characteristics of the en-
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gineering culture which he has derived from an extensive literature review, and 
he furthermore claims to have found, in his own research, empirical support 
for the relevance of these characteristics. In the fi rst place Leonardi’s charac-
teristics can be interpreted as a Weberian ideal type. For our purpose we inter-
pret these characteristics as norms. For Leonardi, the question is not whether 
the ideal type portrays the reality of the engineering day-to-day practice, “but 
rather how (it) intersects with the ways engineers interact with others” (Leo-
nardi 2003: 27). In Leonardi’s account, the engineering culture consists of fi ve 
characteristics (norms):

• Th e Maverick norm
• Th e Expert norm
• Th e Macho norm
• Th e Technophile norm
• Th e Non-Communicator norm

Th is normative concept of “being a real engineer” can be seen as quite paral-
lel to the normative concept of “being a real man”. Briefl y put, the fi ve norms 
stipulate:

• A real engineer is an individualist, a tinker by nature who works inde-
pendently (Th e Maverick norm).

• A real engineer should be in possession of the expertise to know the 
right answer (Th e expert norm).

• A real engineer should be dominant, aggressive, and competitive (Th e 
Macho norm).

• A real engineer should be dedicated to technology (Th e Technophile 
norm).

• A real engineer should communicate with engineers only on essentials 
and in technical style but with others “less is better” (Th e Non-Com-
municator norm).

It should come as no surprise that, to the extent that this ideal type is portray-
ing the traditional norms of acculturation into the engineering profession and 
the norms of day-to-day practice in engineering, it becomes a problem. Femi-
nist research has in particular focused on its disablement of women. In our 
perspective this traditional engineering culture can be said to disable both men 
and women and is in itself a threat to the engineering profession. If and when 
this ideal type intersects with actual engineering practice, it makes it diffi  cult 
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to cooperate with engineers and makes it diffi  cult for engineers to transcend 
this culture. 

“In the business world, engineers are often seen as being preoccupied with techni-
cal issues to the exclusion of all else, unwilling or unable to appreciate contextual 
imperatives or to contribute eff ectively to business and political decisions.” (Th e 
Institution of Engineers, Australia 1996: 54)

In contemporary society, it certainly also makes it diffi  cult to attract students 
to degree courses that will initiate this culture. Furthermore, as observed in 
the quote below, the traditional engineering culture may even favour certain 
personality traits.

“Autistic children and engineers may have a number of strength in common. Both 
have strong spatial visualisation skills, being able to picture what objects look like 
in 3D and recognise them from diff erent angles. Both have a strong affi  nity with 
physical objects – they enjoy mechanical things. And both are strongly numerate, 
recognising patterns and order in numbers. But engineers may also share a number 
of personality traits with autistic children.” (Dunn 1996: 14)

As we see it then, the image problems and the negative stereotypes of engineers 
cannot be explained as a public conspiracy against engineers. Th ey seem to 
originate in a culture which, in a certain sense, bears strong resemblances to 
the arcane practice of freemasonry – C.P. Snow speaks of engineers as “the 
forgotten people” – and which, in its struggle for social respectability, has lost 
the sense of its historical roots, its philosophical foundation and its public ob-
ligations. Historically speaking, the traditional engineering culture was closely 
linked to the advent of the industrial society. To display an image of engineers 
as applied scientists was a means to gain social respectability. However the 
consequence of this strategy was that engineering became too narrowly defi ned 
with an almost exclusive focus on engineering science. 

In this book we intend to broaden the scope and to contribute to a critical 
reappraisal of engineering as a noble profession. Occupational Bildung thus 
includes a strong element of critical self-refl ection. Th is critical self-refl ection 
also comprises the ethical dimension of engineering and technology.

Th e need for refl ection on the Bildung of engineers may be an indication that 
the context, the activity and the products of engineering are questioned. Th ere 
seems to be an ambivalence between the inherently positive connotation of 
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words like “progress” and “growth”, and the uneasy feelings of many people 
living in rapidly changing times. “Progress” and “growth” are almost self-evi-
dently and exclusively interpreted as (and reduced to?) “technological progress” 
and “economic growth” (Van der Pot 1985), and it is debated whether these 
also automatically imply “human progress” or “human growth”. And even if 
this technological development (as a whole, or in the development of particu-
lar new processes or products) is evaluated to be positive, it is not self-evident 
that individual people or society as a whole can keep up with this evolution. 
Günther Anders (1956) described man to be (in German) “antiquiert” com-
pared to technology.

To the extent that engineers play a role in technological and economic develop-
ment (and they undeniably do), the ambivalent feelings about “progress” may 
aff ect the image of engineers and engineering. Th e low visibility of individual 
engineers and their work (as well in their self-perception as in the external 
image towards the public, they often appear as mere “parts of the system”), 
instead of protecting them from being stained by this criticism, seems even to 
raise more suspicion still.

Th e concrete forms under which the questions about the engineers’ work and 
role are raised, are ethical discussions. Th ese may have to do either with ac-
cidents or defi cient products for which engineers are blamed (e.g. on the occa-
sion of product recalls), or with larger tendencies in technological development 
(e.g. concerning nuclear arms, biogenetics, …), or with some perceived threats 
or negative evolutions in society as a whole (e.g. the environmental question, 
or a primitivist longing for “the good old days” – both matters in which techno-
logy often serves as a scapegoat on which all blames are concentrated). Th ese 
questions are raised anyhow, and engineers – willingly or unwillingly – have 
to deal with them, take a stand and adopt an attitude. Engineers who are 
conscious of the sense and context of these ethical questionings are better en-
gineers than those having a “narrow”, instrumentalistic view of their activity. 
Hence the importance of a specifi c awareness of and training in ethics during 
engineering education.

Could it be a coincidence that one of the fi rst persons for whom the term “en-
gineer” seems appropriate, Leonardo da Vinci (1452-1519), is also known to 
have exercised some kind of “technology assessment” on some of his projects? 
Although he knew very well that part of his technological research and design 
work took place in a military context (which suggests that he had no overrul-
ing objections against military technology as such), at least on one occasion 
he decided that a project had better be stopped. When developing a device for 
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under-water motion, he realised that it could be used as some kind of “weapon 
of mass destruction”, and he considered the scope and the consequences of this 
development to be too overwhelming for him to take this responsibility (Van 
der Pot 1985). 

Obviously, ethical refl ection and technological development are both embed-
ded in and constitutive of a larger culture, with which they are in continuous 
co-evolution. With the Industrial Revolution, engineering gradually arose as a 
separate discipline; the codes of ethics of the fi rst engineering associations were 
often deeply marked by the search for a self-defi nition of this new occupation 
or profession. With World War II, it became clear that technology henceforth 
could no longer be reduced to the mere design and manufacturing of machines 
or tools. Concentration and extermination camps as well as nuclear weapons 
were the results of projects in which engineers had played an important role, 
and which confronted humanity as a whole with ethical questions of an un-
precedented scope. Here too, statements of engineering associations had to 
deal with these developments and with the roles of engineers in it. And in the 
last decades of the 20th century, environmental problems, the development of 
ICT, and the political and economic globalisation once more led to questions 
with which humanity had never had to deal before; here too, engineers had to 
position themselves in this evolution. 

Th e ambiguous perception of technology and engineering mentioned before 
comes back in a sharpened version in questions where the mere survival of 
humanity seems to be at stake. Technology appears as the origin of some of 
the problems, but simultaneously it is expected to deliver the means of salva-
tion. Th is is particularly manifest in questions like “sustainable development”. 
Among the multiple aspects of the cultural and societal evolutions having led 
to the environmental problems, technology is often chosen as the more visible 
domain to cast the blame upon. Yet, at the same time (again in the middle of 
other evolutions which may be equally necessary), one also casts one’s hopes on 
the development of new technologies, which should allow a growing popula-
tion to maintain a decent standard of living in a world with limited resources. 
Attempts to take hold of the problems (e.g. through the implementation of the 
“precautionary principle” in the sustainability discourse, as in the Rio Declara-
tion on Environment and Development (1992) or through the introduction of 
the “Triple P-bottom line” of People-Planet-Profi t in management styles) are 
inevitably ideologically laden, and often debated as to their practical conse-
quences or even their internal logical possibility. 



General Introduction • 19

Th us the ideal of occupational Bildung embraces the whole range of individual 
and collective issues – ethical, philosophical, political, social and economic – 
the “new engineer” is bound to be confronted with throughout his professional 
career, and indeed throughout his life as a responsible citizen. It entails that the 
engineer needs to be equipped with a broader range of skills and competencies 
than the traditional mastery of science and technicalities, in order to meet the 
requirements of companies and, above all, of society at large. 

Th is approach proves to be all the more relevant today as the current economic 
context of global competition has induced a new industrial paradigm (Attwell 
1996) comprising: 

• new forms of work organisations, in which hierarchical structures tend 
to fl atten out to the benefi t of “project teams” who make collective deci-
sions;

• fl exible production systems, whereby fi rms concentrate their activities and 
resources on their core business so as to be more innovative and respon-
sive;

• “total quality management” procedures, which require each member of 
staff  to be actively engaged in all aspects of the company’s life;

• customer orientation, as opposed to product-orientation, which has be-
come a dominant structuring principle for modern fi rms.

Th is new organisational pattern is having a considerable eff ect on the level 
and range of skills expected of the engineer, as well as on the requirements 
towards engineering education. As regards skills, Anette Kolmos (2006: 165) 
notes that, due to fast-changing technologies and constant shifts in the evolu-
tion of our society, it is diffi  cult “to predict the knowledge, competencies and 
skills that will be demanded of tomorrow’s engineer”. However, there seems to 
be a general consensus in the current literature on the engineering profession 
and education that, beside the classical scientifi c and technological skills, a 
“socio-cultural approach”, in A. Kolmos’ terms, is also a core component of 
the engineer’s formation. Th is approach covers such process skills as teamwork, 
communication, leadership, project management, learning to learn, lifelong 
learning, etc. Similarly, Beder contends that “the new engineer will be an en-
gineer who is aware of the social dimensions and context of engineering work 
and takes responsibility for its consequences” (1998: 308). 

What is fairly new in the above-mentioned literature, and indeed among pro-
fessionals, is the current emphasis laid on “refl ective skills”. Th ese skills com-
prise two diff erent concepts: “refl ection in action” and “critical refl ection”. Th e 
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fi rst concept, developed by D.A. Schön (1983), whereby the engineer is able 
to analyse a specifi c problem, to use contextual knowledge and refl ect on own 
experiences, is already familiar to company managers and, to a lesser extent, to 
engineering educators; here, refl ection has an instrumentalistic dimension. Th e 
second concept, “critical refl ection”, is central to the ideal of Bildung, in that 
it addresses both the contents and the process of the individual’s formation. It 
is an essential foundation on which to construct other engineering skills and 
transcend them; thus it is a fundamental feature of occupational Bildung. 

Engineering education cannot stay away from the profound changes that take 
place in our global knowledge-based society. Christensen et al. (2006: 11) ob-
serve that: “Th e changes in the engineering profession and in society in general 
are paralleled in the conception of skills, competence and Bildung, as these are not 
fi xed concepts, but change in the course of history”. Th ey point out to the gaps be-
tween the theoretical teaching of engineering schools and the engineer’s daily 
professional tasks and needs. Can engineering education fi ll these gaps? What 
changes are to be implemented in engineering institutions to respond to these 
new challenges? What skills and knowledge will be required to shape the new 
multicultural engineer? Th is book does not claim to provide all the answers 
to these questions, even though some proposals are actually put forward in a 
number of articles; it essentially aims at an in-depth analysis of and refl ection 
on engineering science and the engineering profession, in order to promote the 
necessary reforms of engineering study programmes in European educational 
systems.

Besides, engineering education is not the only institution that must contribute 
to respond to the new demands – let alone future ones – set on the engineer. 
Th e company is another key “actor” in the education of the engineer, in that 
it provides an essential dimension: experience at work. “Deep-seated compe-
tence is dependent on a balance between learning for work and learning at 
work” (Attwell 1996). Th e workplace has then an essential role to play. Piaget 
(1970) supports this idea when he argues that learners gain knowledge through 
a process of personal and co-operative experimentation, questioning and prob-
lem solving, through which meaning can be constructed. 

Beder (1998: 309) stresses the necessity of a new educational approach to meet 
the new demands of companies, of engineers themselves and more generally of 
society. “It is no longer suffi  cient, nor even practical, to attempt to cram students 
full of technical knowledge in the hope that it will enable them to do whatever 
engineering task is required of them throughout their careers.” In the same per-
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spective, this collective book advocates the need for a broader, more general 
approach so that students can acquire not only basic scientifi c and engineering 
principles, but can also understand the social context in which they work and 
refl ect on the consequences of their work. Th us, it is through this ideal of oc-
cupational Bildung that the new engineer will be able to transform the profes-
sion and its image.
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Section 1

Occupational Bildung in Engineering: 

some Historical Exemplars





Section Introduction

Erland Ulrich Jessen

Th e chapters of this section do not claim to contain a history of engineering; 
neither do they attempt to defi ne a general idea of philosophy. Th eir purpose is 
to present the historical route of a profession and a framework of concepts for 
the understanding and discussion of engineering and the philosophical refl ec-
tion on engineering. Contrary to common opinion, a historical viewpoint is 
not limited to the past. Th e present and the future are equally objects of analy-
sis, and a historical search for the engineer will demonstrate the necessity of a 
wide social, cultural and political perspective. Th e engineer is defi ned by the 
contemporary factors of material and spiritual nature; but his ideas and crea-
tions often transcend the needs and settings of his surroundings and time. 

Th e activities of engineering and engineers are much older than the words 
covering them. In most mythologies and religions, spirits or gods act as de-
miurges – architects or engineers that create, shape and govern their physical 
surroundings (universe, elements, creatures and things) through insight and 
power. Man as a creature is usually given the ability to cultivate, develop and 
partly understand these surroundings as a historical, cultural and technologi-
cal destiny. In accordance with or in defi ance of the higher powers man trans-
forms Nature or uses its elements for his own purposes.

From the introduction of Neolithic agriculture through the periods of the river 
cultures of Egypt, Mesopotamia, Indus and China until Hellenistic Antiquity, 
spectacular monuments bear witness to the capacity of cultures and societies 
to create, use and develop methods and tools for production and building, 
of political and technological organisation and of diff erent levels of system-
atic knowledge. Engineering skills and engineers were important conditions 
of the technological fulfi lment of cultural and political ambitions. However 
the understanding of early engineering is limited to its silent remains. With 
few exceptions (e.g. Imhotep  of Egypt) engineers were anonymous instruments 
of their societies, and they left no interpretations of their work, conditions or 
aims.
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Th e ancient Greek philosophy created the concept of “technè” (craft or art) as 
a description of man’s theoretical and practical consciousness and motivation 
in his relationship to the outer world. “Technè” was the ability to create and 
the knowledge of how to gain a result on the basis of understanding. It was 
also the account of the result as information and guideline for further practice 
(“prattein” ) or for artistic making (“poiesis” ).

Plato, in his dialogues, saw “technè” as a disposition, prepared in the world of 
gods, but displayed by man. In his interpretation the unity of head and hand, 
knowledge and practice was essential in creation, and the creator, the human 
demiurge, had to maintain goodness, truth and beauty as guiding ideas. Aris-
totle distinguished between “episteme” (knowledge) and “technè” as separate 
intellectual functions. “Technè”, based on reasoning created change and pro-
ducts in the material world, at the same time as it brought about knowledge 
and experience.

In the era of Hellenism engineering became crucial. Th e march of armies and 
the administration of the empires demanded infrastructure, transportation, 
fortifi cation, water supply, housing and – not least – the skills to meet the 
demands. Th e Latin word of “ingenium” described both man’s psychologi-
cal conditions (his genius or creativity) in creating the necessary solution to a 
problem and the fi nal product (his invention or machine), thereby preparing 
the later word “engineer”.

Th e Middle Ages saw the reappearance of philosophy as the “chambermaid” of 
religious faith in European scholasticism, but the gate was slowly opened for 
secularized thinking on both scientifi c and practical topics. Science, engineer-
ing and philosophy united in the era of Renaissance. Engineers got names, 
titles and prestige, and the creative polyhistors of the day often regarded engi-
neering as a very saleable competence. Natural science, attempting to be inde-
pendent of dogmatic forces, defi ned a new universe, new conditions of life and 
a new conduct. Francis Bacon ’s interpretation of the battle between man and 
Nature and his belief in man’s supremacy through empirical analysis, knowl-
edge and action, Galileo Galilei’s hypothetical-deductive method with its use 
of mathematics, experiments and the principle of measuring, and René Des-
cartes ’ methodical doubt and analytical geometry were signifi cant scientifi c 
contributions in a development, which culminated in Isaac Newton ’s mechani-
cal and universal physics. Th eories, methods and tools of science gradually 
became household elements in craft and technology.
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Th e industrial revolution of the 18th and 19th century marked the transition of 
engineering from being a dominantly military to a civilian occupation. Th e 
engineer became the master of water and steam, gas, oil, and electromagnet-
ism and was often a role model in the western civilisation. Around 1900 he 
was at his social peak as conqueror, trouble-shooter and provider. A century 
of two world wars changed that; new inventions and technologies were turned 
against man, and the breakdown of the idyllic idea of technology often left the 
engineer as a target of suspicion and scepticism.

Th e formation of the individual through values, ethics and responsibility, ex-
pressed in the German word “Bildung”, has been one of the key concepts of 
the debate on the future of engineering and is at the centre of this book. All 
chapters in this section, on diff erent levels and in diff erent ways, touch on the 
necessity of introducing into the educational system and professional life a 
concept of engineering “Bildung” to meet both historical and contemporary 
problems.

In his article on “Engineers of the Renaissance and the Concept of ‘the New 
Renaissance Engineer’” Wilhelm Bomke shows the important change in en-
gineering which accompanied the breakthrough of science, technology and 
humanistic culture during the Renaissance era. He describes how engineers 
with considerable success used antique models for technical development and 
makes this a topic in his evaluation of the attempt to revive (and sometimes 
idealize) this interdisciplinary type of engineer for modern use. 

Th e romantic ideology, which emerged during the industrial, political and 
philosophical revolutions of the 19th century, is the subject of the article “Th e 
Romantic Polytechnician in the Philosophy and Work of H.C. Ørsted” by Er-
land Ulrich Jessen. Th e natural philosophy of H.C. Ørsted, the Danish physi-
cist and discoverer of electromagnetism, emphasized the need for a “Bildung”, 
which enabled man to gain a rational and total understanding of God and 
universe, but posterity was unable to fulfi l its ambition. A split and specialised 
industrial society revealed the need to bridge gaps within the engineering pro-
fession and between professions and cultures.

In a world of automatic processes, robots and self-governing networks, ques-
tions naturally rise concerning the future of the arts and crafts that were so 
dominant in the pre-industrial ages. In Matti Vesa Volanen’s article “Craft and 
Art in Engineering” the idea of craft and the ancient Greek notion of the love 
of craft (“philotechnè”) are held up as a mirror for the modern world. In craft 
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he fi nds that occupational and productive entity which should be aimed at in 
the engineering profession. He advocates a re-humanisation of production in 
accordance with the triad of epistemology, ethics and aesthetics and in contrast 
to a mere instrumental viewpoint. Engineers should dance with people!

Whether this dance will be meaningful to the engineer and society of course 
depends on the sense of community between the dancers, but also on the con-
tents of the educations and the professional codes of engineering. No profes-
sion or domain can escape historical scrutiny, philosophical refl ection or ethi-
cal questions. Th e scepticism towards the engineer as a guardian of technology 
is not necessarily a lasting reaction. A deeper historical insight may lead to a 
better understanding of the profession; a broadening of the public debate and 
philosophical training of engineers may lead to a new social credibility. 



Chapter 1 

Engineers of the Renaissance  and the Concept of 

“the New Renaissance Engineer” 

Wilhelm Bomke

Abstract: Engineering in fact and in theory can be traced far back in history. To 
a large extent, the Romans based their culture and empire on engineering. Among 
many other areas, their road system, water supply and buildings reached a perfection 
not attained again until quite recently. Th e Renaissance  period witnessed the reuse 
of this surviving classical knowledge in engineering, and people active in this fi eld 
gained in status. Th e combination of several areas of knowledge, an interest in natu ral 
sciences, a use of ancient and modern technologies to surpass the human limita tions, 
a wish to create impressive results and to gain fame through them are charac teristics 
shared by most of the engineers of the Renaissance. Th is contribution aims to describe 
the development of engineering in the Renaissance and to present exem plary engi-
neers of the period, who are distinguished by their self-understanding, their work and 
their infl uence on the development of engineering. Some of the points seen as typical 
for Renaissance engineers are then used to describe an ideal which could be of positive 
infl uence on engineering today. Th e validity of this role model and its implications 
are discussed as a contribution to the debate on the development of the profession and 
the academic subject. 

Th e Renaissance  and Engineering

Th e growing importance of antique knowledge in the Renaissance  gave birth 
to a new group of professionals who, in most cases, saw themselves as engi-
neers. Th e name seldom stood alone but was used in diff erent combinations to 
classify water, military, mining, architectural, pyrotechnic or naval engi neers, 
thus making subgroups discernible. Subgroups were characterized by their dif-
ferent areas of activity, and their importance lies predominantly in the subdivi-
sion for the publication of books and academic discourse. One person could 
and, according to the value system of the time, should be active in several of 
these subgroups. Th e uomo universale , the universal man, was the ideal that 
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artists, courtiers and engineers aspired to fulfi l. Knowledge in many areas as 
well as artistic abilities and physical prowess should all be combined in one 
individual. 

Engineering, however, is no product of the Renaissance . Historians stress the 
fact that what may be used as its defi nition, using technical means to sup-
port mankind (also in the art of destroying one another), is one of the typical 
quali ties of the human race from its very beginnings onwards. Th e production 
and use of stone tools and of fi re, the invention and perfection of weaving and 
tanning etc. can each be interpreted as progress in technology and engineer-
ing. Th e Middle Ages saw advances in agricultural technology, in building 
techniques, in shipbuilding, in the use of water and windmills, in the intro-
duction of paper and of gunpowder and fi re weapons in Europe, the building 
of machines for attack and defence and in many other areas (Oravas 2004: 
394-422; Lawton 2004). Often these were prerequisites for the pro gress du-
ring later periods. A whole conference in Bristol on “Invention and Discovery” 
from February 17-18, 2006, for example, was dedicated to the role of invention 
in the Middle Ages (Coughlan 2006). 

Engineering was very important in the Greek-Roman world. Water supplies, 
canals, an excellent road system, elaborate private and public buildings, an 
effi  cient merchant and military navy are all impressive examples of Greco-
Roman expertise in engineering, even according to modern standards. Many 
examples, such as aqueducts, theatres and the Colosseum, still inspire awe.

Th e Renaissance  led to the re-emergence of the value systems, worldview, 
knowledge and tastes of antiquity. Th e year 1453, the year very often given as 
its beginning, was the year Byzantium fell to the Turks. Th e Roman Em pire 
had survived to some extent up to this time. Th e fugitives from this dis aster 
and the books and knowledge they brought with them were among the main 
infl uences bringing about the new age. 

What was reborn was very much shaped by the accidental survival of some of 
the books, works of art and buildings of antiquity. It was also to a large de-
gree infl uenced by the technical progress the Middle Ages had provided. And 
fi nally the Christian viewpoint taken by most observers of antiquity led to a 
thoroughly new use of the contributions of the classical authors and engineers. 
Consequently the Renaissance  is not just the revival of antiquity but its reinter-
pretation from a new perspective and for new purposes.
 



Chapter 1 • Engineers of the Renaissance and the Concept of  “the New Renaissance Engineer” • 31

In the Renaissance  a few conspicuous technical feats, a few eminent people and 
a great number of highly infl uential books highlight the engineering progress 
of the times. Th is should not, however, preclude the view of many minor 
contributors to the big advancement of the fi eld (many examples are given in 
Skempton et al. 2002). Th e number of engineers all over Europe was high, and 
many drainage projects, fortifi cations, palaces, gardens, etc. give testimony to 
their fruitful activity.

Th e infl uence of books unfolded fi rst and played a seminal role for the whole 
development of engineering. L.B. Alberti’s De re aedifi catoria (On Building) 
(1485), L. Bayfi us’ De re navali (On Naval Technology) (1536), V. Biringuc-
cio’s De la pirotechnia (On Metallurgy) (1540), N. Tartaglia’s Questi et inven-
tioni diverse (On Artillery) (1546), G. Agricola’s De re met allica (On Mining) 
(1556) and A. Palladio’s Quatro libri dell’ architectura (On Building) (1570) 
are only a few of the many books published. Due to the rapid dissemination 
of the printing technology, they were soon read, discussed and applied all over 
Europe. Translation from the vernacular to the lingua franca of the day, Latin, 
helped boost the infl uence of a book consid erably. At the same time publishing 
originally in the vernacular became more and more common. Th e number of 
titles written and published within a few years soon equalled and surpassed 
that of the whole medieval period.

While many of these books referred to antique authors and tried to revive their 
work, as Alberti  did with Vitruvius ’ De architectura libri decem (Ten Books on 
Architecture) (Lamers-Schütze 2003) and Mariana di Jacomo, called Taccola, 
with Flavius Vegetius Renatus’ Epitomae rei militaris (Sketches of the Art of 
War) (Knobloch 1992), they all interpreted these antique ideas as well. 

In the art of war, for example, the advent of gun powder and its uses made many 
antique methods and stratagems obsolete, which did not go unnoticed in the 
theory and practice books of the Renaissance . Th e references to Ar chimedes 
and Vegetius often merely served the purpose of showing the eru dition of the 
authors; the main part of their works were, however, concerned with the fi ring 
power of cannons, the fortifi cations to withstand them and ballistic knowledge 
for attack and defence. Leonardo da Vinci  went so far as to prove Aristotle’s 
theories of ballistic fl ight wrong and to develop more accurate means of pre-
dicting the fl ight of a projectile (Parsons 1976: 48-49). It is interesting that the 
invention of new techniques of defence or attack was usually not used as a vital 
advantage for the inventor’s side but published and presented to the interested 
public (Lawton 2004: 1161-1274).
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In architecture, the infl uence of Vitruvius  and his antique tenets was more 
permanent. He was not one of the most important architects of the Roman pe-
riod, but the fact that his work had been meant from the start as a course book 
and that it treated several aspects highly attractive to Renaissance  thought, lent 
it great impetus. Although written in the fi rst century before Christ, the book 
was known also in medieval times. But in those days, it was only read as a text 
without taking it as an instruction to be followed in prac tice. In the Renais-
sance, however, the Ten Books were edited and translated numerous times, and 
they infl uenced architecture, water works and art as well. Th e human propor-
tions and their central role for all creation were used by Albrecht Dürer and 
Leonardo da Vinci  as a guiding principle for painting and sculpture. Again, 
the fact that according to the Christian belief God had created man in his im-
age gave additional support to the antique principle. Th e building techniques 
Vitruvius described, especially the importance of columns, strongly infl uenced 
Renaissance architects. But it did not take long for books to be written that 
wanted to strengthen Vitruvius’ teachings and that aimed at developing his 
ideas further (Lamers-Schütze 2003).

Not only was Leon Battista Alberti  (1404-1472) responsible for reviving Vitru-
vius’ work, but he also excelled as an “artist, sculptor, philosopher, lin guist of 
both the classical languages and vernacular Italian, musician, poet, architect, 
surveyor, cartographer, engineer, mathematician and athlete” (Oravas 2004: 
455). His contemporaries not only saw him as the creator of a new architectural 
canon but also as an ideal man, the uomo universale .

Among the great technical achievements of the Renaissance , the dome of the 
Cathedral of Florence by Brunelleschi  and the moving of the Vatican obelisk 
by Domenico Fontana  may suffi  ce to demonstrate what impressive deeds Re-
naissance man was capable of. Th ere are diff erences as well as similari ties be-
tween the contributions of these men. 

Fillippo Brunelleschi  (1377-1446) was “a goldsmith, architect, engineer, sculp-
tor, geometer and, therefore, an unmistakable Renaissance  man” (Oravas 
2004: 453). In addition to this list of abilities, he was also an artist, organizer of 
festivities and mathematician. He started to build the dome in 1421 (Parsons 
1976: 587-609). Th e design and method he used were com pletely new and did 
not go back to examples he could study. Only the Pan theon in Rome was to a 
certain extent an inspiration. Before he became ac tive in building, he invented 
and made “the fi rst portable spring-driven clock” in 1410 (Oravas 2004: 454). 
In 1421 he also patented a canal boat with a crane for transporting marble. He 
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also had the military idea to dig a canal to fl ood Lucca by using water from 
the river Serchio, which, however, pre vented the attackers from storming the 
city as well (Oravas 2004: 454). He linked mathematics and art in his contri-
butions to the development of the perspective (Pfeiff er 2002). His paintings, 
using this technique, were famous in his time.

Domenico Fontana  (1543-1607), a papal architect, is mostly remembered for 
the relocation of the Vatican obelisk on St. Peter’s Square in 1586, a task he 
was awarded in a competition against 500 other proposals. Th e success of the 
well-planned and excellently-organized scheme gave him the chance to erect 
three more obelisks in Rome. He described his project in a book, Del modo 
tenuto nel transportare l’obelisco Vaticano e delle fabbriche fatte da nostro Signore 
Sisto V (Th e Way the Vatican Obelisk was Transported and on the Buildings 
of our Lord Sixtus V) (1590). His legacy also includes the completion of several 
other buildings in Rome and Naples and the in volvement in canal projects. 
Despite all of his successes in Rome, a slan dering campaign by his opponents 
consequently led to the loss of his posi tion there. 

Brunelleschi,  still in the tradition of medieval master builders, left no written 
notes about his methods, but Fontana  was very modern in contributing to the 
publicity of his feat, which had attracted a lot of interest from all over Europe. 
On the other hand, Brunelleschi had invented a new technique. Fontana had 
used traditional methods, and his main contribution was the organization of 
several hundred workers and horses according to an exact mathematical plan 
(Knobloch 1997: 63-65). Th is illustrates that old and new intermingled in the 
period. But the pride and self-understanding of the pro tagonists were based 
on the new and original aspects of their achievements. Th e two men are many 
years apart, but both typify Renaissance  engineering in their works, their per-
sonalities and their education.

Leonardo da Vinci  (1452-1519) was an even more colourful fi gure. He achieved 
fame as an architect, musician, anatomist, inventor, engineer, sculptor, geo-
meter and painter. He, too, had many abilities and cultivated them all to a 
high degree of perfection, as was the ideal of the times. His biography by 
Giorgio Vasari was composed in 1550 Vite de’ piu eccelenti architettori, pittori 
e scultori italiani (Th e Lives of the Most Excellent Ital ian Architects, Painters 
and Sculptors), using information from contempo raries who had known the 
exceptional man personally. Leonardo excelled in the many fi elds in which he 
became active. He invented a colour shading technique for his pictures. From 
1482 to 1499 he worked for Lodovico Sforza, the Duke of Milan. With this pa-
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tron, he gained the freedom to create many of his engineering designs, besides 
being active with paintings, statues and the organization of court festivities. 
In his sketches and notes he used an observational approach. One of his main 
areas of interest was anatomy, where he gained insights predating later medi-
cal research. He also studied the fl ight of birds and tried to construct fl ying 
machines, some coming very close to being workable apparatuses. Being em-
ployed as a military engineer, he also devoted considerable energy to inventions 
for military use, subma rines, tanks, machine guns and many more devices for 
defence and attack. Only a few of these inventions could be built in his time, 
but the ideas point very far in the future. Many pages of the notebooks are also 
devoted to ar chitectural details.

Written in mirror writing by the left-handed Leonardo, the notebooks were not 
meant for direct publication by the author. Th eir fate after his death kept them 
in relative oblivion until the beginning of the 20th century. Nowadays Inter-
net pages allow access to many of the designs. Th e site of the Italian National 
Museum of Science and Technology Leonardo da Vinci  (http://www.museo-
scienza.org/english/leonardo/leonardo.html) may suffi  ce to give the reader an 
illustrative selection of the immense potential of Leo nardo’s inventive mind. 
Even in his own time, which was rich in exceptional personages, he was very 
highly regarded and revered, even by the King of France, who fi nanced his 
fi nal years and held him in high esteem.

Only very few of the Renaissance  engineers held infl uential political offi  ces. 
Th ey were mainly valued for their artistic, architectural and military abili ties. 
Th e special, high status of military engineering was preserved until the 19th 
century. Published works in this area were especially numerous in the Renais-
sance. Many representatives were especially well paid, and many artists or ar-
chitects were famous among contemporaries for their role in the construction 
of fortifi cations and cannons. Leonardo, Alberti , Brunelleschi  and Fontana  
can be given as examples.

Renaissance  engineers were not only of Italian origin. Albrecht Dürer (1471-
1528), a German, worked in fortifi cation planning as well as in art (Oravas 
2004: 456). In Britain, William Gilbert (c. 1544-1603), court physi cian of 
Elizabeth I, did research on magnetism and electricity. In France mathematics 
and civil engineering found several champions of European standing. But the 
seminal infl uence had come from Italy, and printing, a German invention of 
Johannes Gutenberg from around 1450, helped to spread the new ideas at a 
pace that had been impossible until then.
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Th e new value given to antique ideas and authorities led to developments sur-
passing the classical foundations. Engineers and scientists did not limit their 
activities to narrow fi elds. Mathematics became important for many aspects 
including art, warfare, building and technology. Research and the study of 
nature and its laws became an accepted working method.

Not quite accidentally, one of the notebooks of Leonardo has been purchased 
by Bill Gates. Leonardo’s devotion to futuristic projects makes him a role 
model for our times. Th ousands come to see the pictures left by Leonardo. 
His personality and work even serve as inspiration of best selling novels. Th e 
importance placed on canals by Renaissance  engineers was the begin ning of 
the development of transport networks vital to the industrial revolu tion. Ad-
vances in mining and metallurgy (Lawton 2004: 933-1004) were continually 
developed up to today’s high level of perfection. 

Many of the engineering successes of the time are not as impressive today as 
they were then. Modern technology far surpasses them. But in many cases, 
the Renaissance  was the starting point for developments leading to the pre sent 
state of aff airs. Th e new self-understanding of those active was also a product of 
the time. Th is was additionally strengthened by the infl uences of the Reforma-
tion, also beginning in this period. A new freedom of thought, the transcend-
ence of religious limits, the growing importance of the individual, the ascent 
of natural sciences and mathematics and the pride of the inventor and creator 
are all legacies of the Renaissance.

Th e New Renaissance  Engineer

It may be quite accidental that the concept of the Renaissance  engineer was 
revived in the image discussion of engineering of the present. Th e SEFI (So-
ciété Européenne pour la Formation des Ingénieurs) held its annual meeting in 
2002 in Florence. Th e choice of place was the result of the fact that im portant 
offi  ces of the society were held by Italian engineering professors. Th e city and 
its history led to the topic of the conference: “Th e Renaissance Engineer of 
Tomorrow.” Th e choice of theme aimed to develop a new self- understanding 
of the engineering community at the beginning of the third millennium (Borri 
2003).

Th e conference theme was approached from several angles. Researchers, who 
were concerned with the role of engineering in Britain, interpreted it as imply-
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ing the renaissance of a more vital and more highly valued role for engineer-
ing (Melville 2003). Others stressed the qualities of Renaissance  engineers as 
examples of good practice for their modern counterparts. In particular, the 
combination of several branches of engineering and often also other areas of 
excellence in the person of an engineer of the period was es pecially seen as 
an ideal worthwhile to be revived. It was meant as a counter foil of the highly 
subdivided areas of engineering specialisation at the start of the 21st century 
(Skates 2003, Borri 2003).

But the contributions to the conference very often also incurred the danger of 
using the Renaissance  as a quarry, from which only the useful bits and pieces 
were salvaged (Akay 2003). Also the tendency to concentrate on the future 
without really caring about the past was apparent. Th us the conference papers 
may not quite present their intended outcome.

It may, therefore, be useful to counteract the current tendency of engineer-
ing progress, which demands an ever greater specialisation and leads to more 
and more diff erentiated careers and narrowed-down study programs. Engi-
neers with skills in several areas are able to create new products by using the 
combined options given by their background. Mechatronics, for example, 
can create robots, using computer studies as well as electrical and mechani cal 
engineering profi ciency. Bioengineering can combine biology, medicine and 
engineering to open up new ways of improving the fate of the disabled or ill. 
Almost any combination of academic subjects leads to rewarding new careers. 
It is also possible to mix completely diff erent areas to this eff ect. Th us business 
studies and diff erent branches of engineering have led to in dustrial engineer-
ing, export engineering and other related courses of study. 

Usually these courses are not open to the vast majority of students because they 
are more demanding. In most cases, it is necessary to possess a sound know-
ledge of all the fi elds concerned. It is not advisable to do away with important 
parts of the coursework of the parent courses for the sake of leav ing time and 
energy for the additional parts. Th is usually leads to the criti cism that combined 
courses are neither the one nor the other. Combining two or more demanding 
academic disciplines requires especially gifted and industrious people, who in 
turn may be an elite, as were the engineers of the Renaissance .

Another way to approach the limitations of the individual engineering disci-
plines is to promote the ability in its members to work in groups. Th ese should 
in turn be composed of several sub-disciplines or academic disci plines. Th e 
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ability to combine forces harmoniously and to the common good is one of the 
main objectives this publication wants to promote.

An additional aim of this project is to encourage engineers and engineering 
students to imitate their Renaissance  predecessors by taking upon themselves 
to gain expertise in more than one fi eld of engineering or science. It is, how-
ever, also an ideal of the Renaissance to become an expert in areas outside of 
engineering as well. 

Art, music and sports are only a few of the many areas that spring to mind. For 
a very long time, engineering education has included a core of general subjects 
enabling students to acquire knowledge outside their main fi eld. Th e ideal of a 
more general education was widely accepted as part of its task.

Recent developments have led to an increase in the amount of time now neces-
sary to teach important engineering elements. Consequently, not-so- central 
parts of the curriculum have gradually been cut down. Often they have been 
completely sacrifi ced for a concentration and extension of core subjects. 

Th e renaissance of the Renaissance  engineer may help to counteract this de-
velopment. More and more engineers and people dealing with them feel that 
discarding all non-engineering subjects leads to a loss of abilities and qualifi ca-
tions which are vital for the successful integration of engineers in the working 
environment and in society. Hopefully, this project serves to stress the positive 
aspects of this broader approach to engineering.

Conferences organized by SEFI have repeatedly centred on the direction en-
gineering education should take. Globalization, the growing demand for the 
mobility of engineers, closer cooperation and competition of educational sys-
tems all highlight the weaknesses of a growing subdivision of specialist ar-
eas without any balancing factors (Aernoudt 1988, Augusti 1989, Agui naga 
1985).

Even today, Renaissance  engineers are accepted as positive role models. But 
their high esteem in their day was based to a great extent on the multiplicity of 
their talents. Th e uomo universale , the universal man, was the ideal be hind the 
main representatives of the period, politicians, artists, soldiers and engineers.

Even in those days, it was very rare that one person could reach excellence in 
many fi elds. But by trying to excel in more than one area and by broadening 
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their horizons, many of the leading engineers of the Renaissance  succeeded in 
creating works which are infl uenced by several disciplines. Th ey usually had 
a sound mathematical education, a gift for languages, the ability to draw, a 
perceptive mind and the willingness to use their knowledge to create pro gress 
wherever they saw it possible. Because of their abilities they were ac cepted by 
those in power and often supported in the realization of their pro jects. Many of 
these projects survived the political powers which made them possible. 

Not all engineers can or should be Renaissance  engineers in the narrower sense. 
But a few of them may be suffi  cient to set the pace in new directions and to 
present valuable role models for the community. Th e will to leave well-trodden 
paths and to restart at a point already thought surpassed by the majority may 
create alternative approaches not yet considered and thereby open additional 
perspectives and solutions to problems.

Th e concentration on engineering alone incurs the danger of ignoring many 
aspects that, in the long run, may decide the value of technical innovation and 
the direction the development should take. It is not necessary for all students 
to excel in many areas, but a solid knowledge about aspects outside the proper 
specialist area and the ability to look at things from an additional angle should 
be off ered to all, making them Renaissance  engineers in a wider sense and thus 
enabling them to redefi ne and strengthen their role in and for society.
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Chapter 2 

Th e Romantic Polytechnician 

in the Philosophy and Work of H.C. Ørsted 

Erland Ulrich Jessen

Abstract: In the romantic era of the 19th century, natural philosophy was introduced 
into the area of science and technology, and set to stamp the role of the polytechnician 
in nature, society and humanity. As the discoverer of electromagnetism, the founder 
of the Polytechnical Institute, now the Technical University of Denmark, and a domi-
nant institutional and scientifi c authority in Europe, H.C. Ørsted (1777-1851) was 
both a witness and a force in the development of natural science and philosophy. As an 
intellectual, he profoundly infl uenced a generation of poets, thinkers and politicians. 
Th is article intends to unravel his ideas of natural philosophy and their implications 
for the polytechnician through analysis and interpretation of his work. What were 
his ideas of this new romantic academic – their foundation, aims and results? What 
was to him the importance of common and scientifi c “Bildung”? Th e relationship 
between the polytechnician and the surroundings of his time is evaluated. He was 
placed between craft and science, between empirical functionalism and divine reason 
as a teacher, a diplomat and a reformer, but the creation of the modern industrial state 
shattered the dream of a harmonious collaboration between philosophy and science 
and between the humanistic and natural scientifi c cultures. Th e fi nal perspective of 
the article is a question: is a philosophy of engineering or a concept of “Bildung” at all 
possible in a world of specialization and disruption? 

Th e Romantic Era

In the European history of the 18th century, three decisive revolutions can be 
analysed: the industrial revolution of England, the political revolution of France 
and the philosophical revolution of Germany. Especially in the fi rst half of the 
following century, the intellectual elite was exposed to the infl uence of these 
more or less interdependent revolutionary trends, which transformed both its 
society and consciousness and created the romantic era and ideology.
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Th e technical and social transformation of Europe is a complex of causal con-
nections, which has been named the industrial revolution, and in most coun-
tries meant the change from agrarian feudalism to industrial capitalism. Many 
factors played a part in this process, which made it diffi  cult to survey by the 
individuals involved in it: the increase in population, urbanization, the growth 
of foreign trade, new sources of energy and new systems of transport and com-
munication, increased infl uence of the concept of capital, mechanization and 
rationalization of production and the creation of two new classes: the indus-
trial owners with liberalism as a political and social agenda, and the industrial 
workers, who sought solution to their problems in the labour movement, un-
ions and socialism. An essential subject and problem in this revolution was 
the replacement of human knowledge and faculties with machines and mecha-
nics. 

Th e technological breakthrough was to a great extent controlled by the en-
gineer and meant the success of a profession, which, at the end of the cen-
tury, included the most infl uential members of the higher technical workforce. 
From the ranks of the armies to the battlefi elds of technology and a growing 
industrial apparatus, the engineer was globally identifi ed with the conquest of 
the surrounding world and elimination of common evils and was often the ally 
of imperialism and colonialism. Th e ability to meet demands and deliver vis-
ible changes to civil society gave him his major role and problem. He was the 
practical guardian of progress with an important domain, but not necessarily 
with distinct morals or ability to refl ect on his own profession and values. Th e 
assignment of the engineer was not the call of duty, but changeable contracts 
as an employee or salary earner.

Th e French revolution was ideologically a child of Enlightenment . Its radical 
changes in the political, social and cultural structure resulted in spectacular 
events and the diff usion of ideas. Th e young generation of Europe, who after 
the assault of the Bastille in 1789 met the wave of radical or revolutionary 
politics, was generally enthusiastic and inspired by the notions which seemed 
to underlie it. However, as the shadows of Jacobin terror became apparent, the 
urge to liberty, equality and fraternity quickly gave way to the maintenance of 
the existing national and cultural values.

Th e Napoleonic wars transformed Europe, creating new states and re-creat-
ing old ones. Th e principle of nationality now marked the demand of unity 
of individuals and groups, tied together by mutual bonds of language, culture 
and history. Th e revolutions of 1848 opened the way for constitutional govern-
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ments that did away with absolute power and secured the new middle class 
– with a growing group of industry owners, polytechnicians and engineers.

Th e revolution of Romanticism  marks an era, a cross-cultural movement and an 
ideology. As a social phenomenon, it was, in its beginning, a generation clash, 
a co-operation between individuals on the attempt to build a philosophical 
tower of Babel on the ruins of Enlightenment. In its early universal phase, it 
confronted what it thought to be the fragmentary philosophy and philistine 
concept of utility of the previous era, but, during the uprisings against Napo-
leon, it became attached to national ideals.

From Germany, Romanticism spread to the surrounding countries and ex-
pressed itself in philosophy, science, history, arts and politics. Th ere is no uni-
form European romanticism, but a current of ideas, which gradually and on 
diff erent levels infl uences or controls national cultures. It dresses in diff erent 
clothes and meets diff erent demands. However, the longing of the romantic 
free thinkers and radicals often lost its way, and the middle of the century 
saw most of them in places of counter-revolutionary or authoritarian refuge. 
Th e philosophical revolution that began with Kant , continued with Fichte  and 
created the natural philosophy of Schelling, mostly ended in conservative or 
reactionary ideologies.

H.C. Ørsted – Science and Philosophy

In this pattern of confl ict, the Danish scientist Hans Christian Ørsted  (1777-
1851) is both an important witness and a driving force. As a professor in physics 
at the University of Copenhagen and as the patron of the Royal Danish Society for 
the Sciences, he held a position of power with tools to infl uence the apparatus of 
the autocratic state, the academic world and public opinion – a spider in his net 
to his few opponents, an unselfi sh friend to his many followers and allies.

His travels and extensive correspondences with members of the European 
academic world made him a cultural ambassador, a reformer and an untir-
ing founder of institutions, societies and periodicals. After visiting England 
in 1823, he founded and became president of the Society for the Propagation of 
Natural Science; in 1827 he recommended the foundation of the Meteorological 
Institute, in 1834 the Magnetic Observatory and in 1838 he was the co-founder 
of the Society of Industry. Most important in this context is his foundation in 
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1829 of the Polytechnical Institute (now the Technical University of Denmark), 
the director of which he remained until his death.

Using Coulomb’s, Galvani’s and Volta’s discoveries of electricity and galvanism, 
Ørsted early described the possibility of tracing the dialectic forces of magnet-
ism and electricity to a common meeting place. When, on 21st July 1820, he 
published his demonstration of electromagnetism , he not only described the 
connection between two till then separate forces and (without much under-
standing of consequences) started a major technological chain reaction, but 
also thought to have given an important proof of the unity of nature. Th e 
discovery made him a European celebrity.

Th e romantic breakthrough in Denmark, which took place in 1802-1804 with 
the lectures on natural philosophy by Henrich Steff ens , a mineralogist and 
pupil of Schelling, was followed by a phase where the new ideology was con-
solidated and institutionalized. 

After Steff ens’s departure, Ørsted became the main fi gure in Danish Roman-
ticism; with strategic skill, he used his growing infl uence to secure access to 
the power pyramid for the natural philosophy and its devotees, and to favour 
a secular rationalism and liberal biblical criticism against the dogmatism of 
the church. He deliberately bridged the gap between the rationalistic idea of 
Enlightenment of the 18th century and the naturalism  of the 19th century and 
fought dualism  and materialism . 

His mediating diplomacy often settled problems; he was a man of prudence 
– but also of principle. Ecclesiastic attacks on the domain of science, which 
he thought would lead to limitation or which were results of orthodoxy, fa-
naticism or unbelief, were met with often-vehement counterattacks (1). As a 
teacher he made his lectures public to all, from royalty to apprentices, and 
invited women to them to counteract “that insult to the sex that Nature has 
equipped with such fi ne spirit of observation” (2). 

In the debate of the 1820s and 1830s concerning the national liberal demand 
for a free Danish constitution, he was a moderate supporter, who both stressed 
the necessity of a wider liberty of the press and association, and the necessary 
caution. A periodical Monthly Magazine of Literature was intended by him to 
prepare the new intellectual class for the task of being rulers of the future. A 
leading fi gure in the Society for the Right Use of the Liberty of Press, he often 
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published articles in the society’s weekly Danish Public Magazine to promote 
his political and social views.

In the last decades of his life, Ørsted – apart from the scientifi c research in 
thermoelectricity, diamagnetism and the compression of water, and the dis-
covery of aluminium – dedicated himself to an extensive cultural activity as 
a neologist, aesthete, poet and general educator. Th e progress that he thought 
philosophy and science were about to cause would expose assumed truths as 
mythological habits and set new standards for the interaction between the 
scientifi c fi eld and the arts, literature and language. 

Following in the footsteps of Plato , Galileo and Schelling, Ørsted wrote nu-
merous dialogues, and in 1836 published the didactic poem Th e Airship to 
demonstrate the advantages of science entering into the common culture. Like 
most romanticists, Ørsted ended as a historian of himself and his generation. 
In his philosophical will Th e Soul in Nature (I-II. Copenhagen 1849-50, fi rst 
English edition: 1852) he, for the last time, depicted his faith in nature as a 
harmonious realm of reason, and pointed to science, philosophy, religion and 
art as a means of knowledge of the unity of life and the removal of the barri-
ers created by history. A treatise with the title Th e Road from Nature to God, 
intended to portray his philosophy of society and morality and reject a number 
of Christian dogmas, was left unfi nished.

Transcendental and Natural Philosophy 

Ørsted’s philosophical remains can be seen as an edited pattern of ideas, in 
which one can trace the phases of his development. Th ere is a continuity of 
thought that derives from his main epistemological problem, fi nding a prin-
ciple or an idea of life from which man and universe can be deduced. Shifts 
in attitude are legitimized by him as steps of evolution in his life project. His 
dream was – as stated in an early German treatise – the ambition of a genera-
tion: “We will include the world in one system” (3).

Kant, Fichte and Schelling were all transcendental philosophers, awakened by 
the crisis caused by the attack of David Hume on epistemological sentences 
accepted until then. Hume’s scepticism hit the assumption that there exists 
an a priori, i.e. non-sensuous knowledge, and that empirical insight can be 
achieved. Causality, induction, substance and the concept of the self are only 
habitual concepts. 
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Th e stages of Ørsted’s ideological development led him from the natural meta-
physics of Kant through the electrochemical systems of his “profound, but 
ingenious” friend Johann Wilhelm Ritter  (4) and the Hungarian chemist J.J. 
Winterl  to a pantheistic view of total nature, which has its notions and condi-
tions from the natural philosophy of the young Schelling.

Th e critical philosophy of Kant was the “Copernican turn”, which, through a 
transcendental  principle, wanted to save cognition from the chaos of relativ-
ism. His epistemology contained the assumption that the link between the self 
and the world was cognition itself, and that the consciousness contained the 
a priori categories of time and space as conditions of experience. In accord-
ance with these categories are the forms of thought that point to the existence 
of a matter, independent of and inaccessible for the beholder (“Das Ding an 
sich”).

In his own interpretation, Kant created the metaphysical conditions of physics, 
but in the preface to Metaphysical Foundations of Natural Sciences from 1786, 
he acknowledged that his metaphysics ended at the border of the incompre-
hensible, of which no cognition could be made. 

Th e methodological basis of Ørsted was that natural science not only dealt with 
objective experiences, but that scientifi c cognition had its roots in a dialectic 
relation between the self and the outer world. Th e English chemist Humphrey 
Davy is often quoted for his characterisation of Ørsted in his Memoirs of 1839 
as partly “a German Metaphysician”(5). As a consequence of his acceptance of 
Kant’s theory of dynamics, Ørsted, for a long time, stubbornly fought atom-
ism (6) until, in the last years of his life, he sought a compromise between the 
theories of matter by expressing the viewpoint that a dynamical system is not 
necessarily anti-atomistic.

Cognition is an inward urge to fi nd the truth, which must be a priori. Th at was 
the lesson from Kant, but when the philosopher limited human knowledge to 
make room for faith, a dualism was created, which the romantic natural phi-
losophy and Ørsted attempted to overcome in a viable monism  .

Th e natural philosophy of Friedrich Wilhelm Schelling  was the framework 
that Ørsted needed to unite human cognition with nature. Schelling’s theory 
of the human consciousness has as its centre the relation between the subject 
(the self) and the object (the non-self or nature). Th is relation is determined 
as a dynamic reciprocity: 1. the subject is determined by the object, as the self 
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is a product of the outside world. 2. the object is determined by the subject, 
as the outer world – being an object for cognition – is the product of the hu-
man consciousness. Th is dialectic  ends in the absolute, the synthesis of subject 
and object. Th e self is object for its own cognition, at the same time as it seeks 
knowledge of the powers of nature.

Schelling saw life of total nature as an ascending evolution of degrees, based 
on an immanent force. Every step in the process of life, every degree contained 
a contrast of elements, which meant an increasing number of nuances and a 
higher level of consciousness. Th e highest step in the staircase of earthly na-
ture is man, who, in his consciousness, reproduces the surrounding nature. 
Universe itself is the unity of time, space and action, containing an eternal 
dynamic principle, the soul, which shows itself in the natural forces and the 
human cognition. In determining the universal soul, Schelling presented a 
pantheism : God and nature are one and the eternal purpose of man’s intellec-
tual longing. To reach God is to reach the absolute freedom, identity and the 
original total form of the self.

Philosophy, in Schelling’s interpretation, is the science of unity combining 
knowledge, faith and will, which tends to reproduce the forms of nature in 
systems, in essence the intellectual parallel to the artistic longing for totality, 
harmony and unity. Both seek the submission in God. Th us the natural phi-
losophy of Schelling contained a programme of action: man is a created and 
creative being, who has lost spontaneity and harmony, but through the eff orts 
of reason and the senses he can regain their former unity. Before Schelling left 
the natural philosophy behind in 1809, it was a rebellion against the dualism 
of existence and against the specialization and disruption of knowledge and 
social life. Th e boundaries between man and society, between man and nature, 
and between man and God, should be removed.

Th ough Ørsted disliked the romantic worship of the genius and the excesses 
of many of his contemporary scientists, poets and artists, for half a century 
his thinking and endeavours were in accordance with Schelling’s ideas of total 
nature and his concept of a mutual task of reconciliation. One of his problems 
as a scientist was that an interpretation of nature was not necessarily followed 
by a conviction of the unity of existence. His fi rm belief was that nature is one 
realm of reason. It is not only a material substance, but is governed by a princi-
ple of the spirit or the soul. Th is can be seen by analogy with the human organ-
ism, which is neither an instrument of Fate nor a machine. Man is a dialectic  of 
body and soul. Th e body is equipped with senses that direct the outer impulses 
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to the soul through the nerve system. Th is process to Ørsted was unbroken 
and a valid proof of the possibility of true understanding. Th e senses can unite 
and determine phenomena of nature, but are often defective or incomplete. 
Th ey cannot catch the causality of events without a metaphysical reason that 
regulates forms and systematizes the material of the senses.

Th e psyche is the function, wherein fantasy is the outer ability directed towards 
intuitive sensations, while reason is an ability of logic and defi nition. Ørsted 
warned against mixing them, but wanted them to work together. To him the 
search for knowledge was a service of God. Th e chaos of nature’s phenomena is 
only seemingly. Presentiments and fantasy can be beginnings of the scientifi c 
work. In the intense study, nature is gradually unveiled as an eternal, universal 
pattern. Religion and science can seek the same harmony, but must follow 
separate ways. Walking towards God, however, demands more than to follow 
God’s light in man. It demands methodological principles of observation – as 
Ørsted had learnt from Francis Bacon – and to see things as they really were 
meant to control them against sources of error. Every notion that presents itself 
as a truth must, according to Ørsted, “be tested in its root and origin, then put 
in order in all its elements and parts to a clear coherent whole; and fi nally tested in 
its relation to the other accepted truths by means of which it is then tested on those 
and those on it” (7). Ørsted’s strategy is that the scientist must “every moment 
compare the objects with the ideas”. Th e Platonic notion of the existence of 
general ideas, which in late Scholasticism had been a major topic of discussion, 
is here placed in an empirical context: the ideas are objects of the soul that can 
be deduced from the phenomena of the material world. Th e scientist may have 
an assumption of the harmony of the universe, but his task is to verify or falsify 
it. Th eory is “a view, a spiritual vision of a rational coherence of things”(8).

When departing for his fi rst journey to Italy in 1833, the young poet Hans 
Christian Andersen   asked his friend and mentor Ørsted to write in his album. 
Ørsted gave him the three equations that marked the Platonic unity of philoso-
phy, ethics and aesthetics in the universal power of reason. 

“Reason in Reason = the Truth
Reason in Will = the Good

Reason in Fantasy = Beauty” (9)

God is both the immanent force in the material world and Nature’s spiritual 
entity. Matter and soul unite in his reason. Ørsted’s pantheism has God as an 
infi nite, eternal identity, constant and dynamic through the forces of nature, a 
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soul that attracts man’s soul through the progression of cognition, and a prin-
ciple untouched by problems of evil and personality. God is both the creating 
nature (natura naturans) and the created nature (natura naturata). Th e interac-
tion between these forms creates life, and God has created man and placed him 
in nature with the task to discover and be conscious of its creator. Th e liberty 
of man grows out of his ability to think, to ask and fi nd the answers in nature; 
without that, he is a slave “under the laws of unconscious nature”.

In the middle of the century, Ørsted’s Th e Soul in Nature was an interpretation 
of the contemporary culture and at the same time a token of its crisis. It de-
fended his values of “the true, simple and healthy” and the natural philosophi-
cal dream against left-wing Hegelianism  and (once again) religious orthodoxy, 
but for the reader, wandering through the work is accompanied by a “feeling 
of evening, but also of farewell” (10).

His followers rejoiced, but many found the book superfi cial and monotonous. 
Th e philosopher Søren Kierkegaard   bitingly called it “from fi rst to last a sci-
entifi c, i.e. philosophical-scientifi c triviality” that treated important matters, 
but “always in the phrases of most trivial triviality” (11) and described Ørsted’s 
total philosophy as based on an impossible Archimedean point. Th e romantic 
total philosophy was now being left as yet another Babylonian tower – a target 
for forbearance, nostalgia or rejection.

Utility and the Concept of “Bildung”

As were most romantic scientists and philosophers, Ørsted was concerned with 
the products of the cognition of nature. To aim at utility in a material sense 
was to him an unworthy behaviour, as this weakened the whole of the scien-
tifi c object. Function was given a higher priority than essence. Utility – he 
admitted – was an integrated part of the act of cognition, but on a lower level. 
Th e mechanical-technological urge, which is directed against empirical and 
material gains, must submit to the higher need for insight, which expresses 
itself spiritually. Cognition is per se something valuable, which does not need 
arguments of empirical nature. Th rough the observation and the philosophy of 
nature, man fi nds himself. Ørsted wrote:
 
“Science must therefore be studied for its own sake as a manifestation of our inner 
self, as the recognition of the Divine” (12).



50 • Erland Ulrich Jessen

Utility, being an important concept in social thought and the ideology of En-
lightenment, forced Ørsted to create a dialectic between the levels of spirit and 
matter. Utility is therefore made socially important as both material gains and 
scientifi c ideas:

“Apart from the common development and growth that every science gives to our 
spiritual strength the natural sciences in a peculiar way contribute to enlighten 
and strengthen our reason, cloaked in temporary life, as it in an orderly row of 
contemplations shows us the eternal laws of reason which also govern the material 
world” (13).

Th e resources of nature must be involved in cognition and controlled in tech-
nology. Technology to Ørsted was a common good and a sign of the progress 
of reason. Machines replace human eff ort, which can be set free on higher 
levels, and the former slave becomes master of himself and the material world, 
his former enemy.

To the material world, man is a ruler, and through science he gets the ideas to 
invent or procure tools to create values and lighten burdens. Ørsted’s deliberate 
repression of the negative sides of technology (most apparent in his thoughts of 
contemporary military technology as a means to a more humane warfare) has 
to do with his unconditional faith in science and in the emanation of reason 
from God to matter. If technology as knowledge and artefacts derives from 
science, it is a part of absolute reason.

In Ørsted’s writings one will fi nd numerous descriptions of the history of natu-
ral science and its relation to the humanistic culture; it is, however, remarkable 
that he has left neither essays on technology nor characterisations of the profes-
sions who create it (14). It was no doubt a choice on his part. Technology   was 
a part of the outer world, not unimportant, but only understandable if seen as 
a step in the emancipation of the inner spirit.

Th e German word “Bildung” is becoming a term generally used in describing 
the process and product of the formation of an individual or a cultural iden-
tity. 

Th e concept behind the word has its roots in Greek and Roman antiquity, 
where, in the words of “epieikeia” and “aequitas”, it indicated the human ability 
to judge in a qualifi ed way on the basis of common sense (sensus communis). 
In Christianity the concept – as demonstrated in the writings of Augustine 
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and Meister Eckhart – is linked with the thought of man as a creature in the 
image of God; man is a matter upon whom a divine picture is stamped, which 
determines the outcome of life in salvation or damnation.

Renaissance culture has the concept as the active individual fulfi lment through 
studies of language, history and humanistic (but not natural scientifi c) disci-
plines, the result being a philosophy of man and life on the basis of the soul’s 
command of the subordinate body (civilitas). Two interpretations of the con-
cept of self-formation can be seen in a historical perspective: the one depicting 
the pressure from the outer world on the soul through education and cultural 
infl uence, and the one that can be seen in the works of Jean-Jacques Rousseau, 
which states the right and need of the self to create its own image, independent 
of the expectations of society and culture.

In German Enlightenment the concept of “Bildung” was directed both against 
universality (total nature) and individuality (the self) and became an impor-
tant social category. In the spirit of Greek antiquity, Johann Gottfried Herder, 
Johann Wolfgang Goethe, Friedrich Schiller and Karl Wilhelm Humboldt   
created the neo-humanistic “Bildung zur Humanität”, in which nature and 
humanity were the highest principles. Th e romanticists could not agree on 
the placing of the fulcrum between transcendental urge and the infl uence of 
the universal power, but the dialectics was always between the self and nature. 
Man’s consciousness of the reciprocity of self and nature was the means and 
goal on the road to freedom.

Ørsted’s interpretation of history proclaimed that the gap between the subjec-
tive and objective soul, self and nature, could not be fi lled by returning to the 
cosmology of the earliest times. A new cosmology had to be created through 
the emancipation of reason, and “Bildung” (15) was the most infl uential means 
in his action programme.

Th e Polytechnical Intellectual and Society

During the romantic era, intellectual groups in most European countries 
gained access to the power structure – in spite of the fact that they were nei-
ther numerous nor wealthy. In Fichte’s lectures on the destiny of the scholar 
of 1794, the academics found an ideology which was in accordance with their 
self-interpretation. Th e progress of mankind was based on the advancement of 
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science and a strong bureaucracy of academics, who, through impartial exper-
tise, method and “Bildung”, could promote valuable social changes.

Ørsteds’ political theory had the intellectual elite as its most important vehicle. 
In many polemics, his court of justice was “the people”, but his defi nition was 
often narrowed down to “the more educated part of the people, the well-read 
people if I may say so” (16). Th e role of the academic was to be the spokesman 
for reason and to act as the good shepherd, who led the troubled souls back to 
the truth.

Society, according to Ørsted, must be a dynamic order of reason that car-
ries out the collective needs of liberty, equality and publicity, and the means 
are reforms. Class distinctions based on economic or social diff erences would 
hinder the mobility of the individual and maintain a society of feudalism and 
privileges, and the new sphere of public opinion could be helpful to his ideals 
of “Bildung” and moderate social criticism. Th e academic group should take 
on the duties of teachers of reason and become the guarantee for progress. A set 
of values and guidelines should have to be established which would be valid for 
those with and without “Bildung” and which could secure a cultural equaliza-
tion. Th e “raw” masses should have a right to knowledge and to be lifted, but 
as long as they would remain in their uncultivated positions, they would be 
forced to live in accordance with the principles of nature and reason, imposed 
upon them by the intellectuals.

In defi ning leadership as a patriarchy, Ørsted’s social model shows the remains 
of the existing monarchy; however, the basis of the leadership is not fortune 
or hereditary power, but scientifi c education and reason. Th erefore, his elite is 
deprived of fortune and must live from the common “glory”.

Th e class analysis and model of state, which Ørsted published in the last part 
of his career, was indebted to the corporate model of Plato’s Th e State, where 
the division of labour creates three classes: the philosophers, the guardians and 
the workers.

Ørsted’s ideal society has science and philosophy as the head of the corpus, the 
head being independent of material interests, governed only by divine reason. 
Technology was a part of the stomach of the state, where workers, craftsmen 
and apprentices (“the working classes”) met the material needs through pro-
duction. In this pyramid of rationality, Ørsted placed his polytechnician and 
the polytechnical culture.
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In the two major European traditions of technology that prevailed until 1890, 
the English tradition was an empirical, workshop-based culture, while that 
of the continent was infl uenced by the academic polytechnic. Th e model for 
the polytechnical institution was the Ecole Polytechnique of France, created in 
1794 during the revolution as a centre of education of technically skilled civil 
servants and from 1805 a military academy (17). Here science and theory were 
intended to produce and control practice.

Ørsted’s foundation of the Polytechnical Institute of Copenhagen in 1829 (18) 
is determined by social and ideological considerations, but the possibility of 
making the concept of natural scientifi c “Bildung” visible to both the abso-
lute monarch and diff erent layers of society is apparent in his arrangements. 
Th e foundation followed after the proposal by his colleague Georg Frederik 
Ursin of the establishment of a 4-year, practice-oriented school of craftsmen, 
a proposal that Ørsted rejected as “too narrow”. Th e inspiration to his own 
model no doubt came from his stay at Ecole Polytechnique in 1803, but another 
infl uence can be detected: in 1810 the University of Berlin had established an 
academic standard of humanistic “Bildung”, based on the thoughts of Karl 
Wilhelm Humboldt. Th e Polytechnical Institute was an attempt to make the 
natural sciences equal with the humanistic culture and educations, and from 
the beginning there was a co-operation between the institute and the Society 
for the Propagation of Natural Science with Ørsted as the connecting fi gure.

Th e key source to the understanding of Ørsted’s concept of polytechnical “Bil-
dung” is his speech, held at the inauguration of the Polytechnical Institute on 
5th November 1829 and later adopted in Th e Soul in Nature under the title On 
the Intellectual Infl uence exercised by Natural Science in its Practical Application 
(19). Containing equal parts of fl attery of the king, propaganda for the natural 
sciences and strategic education policy, the speech saw the institute as a victory 
for the new “Bildung” of Europe and Ørsted’s project of enlightenment. Sci-
ence, he told the audience, should emanate from its heights and through the 
new institution “contribute to the improvement of skill and trade and over all 
the well-being of the whole”. At this level a new common “Bildung” would be 
created with attention to the impact of natural science on society. Again, it was 
the eternal order of reason and the development of the human soul towards 
God which was in Ørsted’s focus. Indeed, he listed the artefacts of invention 
and their importance to craft and industry, but he stressed that the true fi eld of 
the future polytechnicians was not technology, but the science behind it.
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His polytechnician was neither a craftsman nor an engineer in the contem-
porary sense of the word (a professional non-academic or a military engineer); 
he was, in Ørsted’s poetic designation, among “the most free and independ-
ent minds”, an academic scientist and a member of the intellectual elite, with 
a vocation and three important obligations: 1. as a teacher, to advance and 
advocate the truths and laws of natural science, 2. as an expert, to be the link 
between natural science, craft and industry and 3. as a citizen, to be a loyal 
servant to king and country.

Th e scientifi c knowledge of the polytechnician demanded educational skills 
to be lowered to the supervisors, craftsmen or workers, who could then trans-
form it into technology and practical use, but Ørsted demanded that this was 
done with humility and respect for the recipients and that the polytechnician 
acted as the “kind and rational advisor”, whether it was in the relationship to 
the state or to the private labour market. Th e polytechnician should create a 
perspective to the surroundings through “friendly mutual communication and 
consultation”, and from the surroundings he should receive the practical objec-
tions and observations that would enable him to test scientifi c standpoints and 
correct errors. Only evident knowledge that was empirically confi rmed gave 
him his preferential position.

A special assignment of the polytechnician in society was to contribute to the 
reform of the labour market by preventing “the coarse treatment which a de-
clining barbarism has left in the guilds” and by discouraging monopolies (20). 
In his description of the vertical perspective, where scientifi c truths are lowered 
through emanation or seepage, Ørsted is obviously making the polytechnician 
available for society. His position has been characterized as “elitist, hierarchi-
cal and controlling” (21) in contrast to the contemporary Danish theologian 
and poet N.F.S. Grundtvig , whose idea of the folk high school rested on ho-
rizontal, common and individual liberty and the historical education of the 
peasants. It should, however, be noted that Ørsted’s polytechnical project was 
aimed at bridging the gap between diff erent classes and cultures, with reason 
and knowledge as tools.

Th e proclamation that the institute was an institution of science and “Bildung” 
created the general impression that its candidates were spiritual participants in 
a campaign of enlightenment, and it was characteristic that the great majority 
of lectures were given by teachers, merely doubling their university lectures. 
Publicly it was crucial that the polytechnical candidates took possession of a 
monopoly of title. Until his death Ørsted fought successfully to protect the 
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term “polytechnical” and at the same time lost most of his battles against 
the guilds that prevented his candidates from entering the world of private 
enterprise. Seen from above, the institute and education were a compromise 
between university, state and private sector, and as mainly a civil servant, the 
Danish polytechnician had his social and ideological development tied to the 
state.

In Denmark, the industrialism of the 19th century had two phases: the fi rst, 
created by the technology of craft, and the second by mechanized industrial 
production, which combined natural science and practice. Industries were few 
and scattered, and next to agriculture, craft was the most important trade, 
secured by the guilds, their systems of apprentices and technical schools.

It has been stated that the Polytechnical Institute had no relation whatsoever to 
the concept of the non-academic engineer and never intended to have such a 
relation (22). Ørsted had strived to include the education of military engineers 
into his institute, but the military objected and in 1830 founded the Royal 
Military College (23). Furthermore, the institute had very little infl uence on the 
development of industry and technology, as few candidates found employment 
in the private sector until the 1890s (24). 

Th e Polytechnician and the Engineer – a Cultural Perspective

Th rough his institute, Ørsted had intended the polytechnical culture and “Bil-
dung” to infl uence the power structure and the class system, in accordance 
with his own vision of liberalism and rationality. In his commemorative speech 
in 1848 on King Christian the Eighth as the Man with the Distinction of Excellent 
Bildung (25), he had praised the reforms of the last decades and the zeal of the 
upper classes “to raise the lower to greater freedom, Bildung and wealth”.

At the end of the century, it was not these intentions, natural philosophy or 
agreement on his concept of rational “Bildung”, that made academic engineers 
in private and military assignments join one organization. When the Danish 
Organization of Engineers was established in 1892, it was the questions of wa-
ges, working conditions, education and monopoly status that settled the mat-
ter (26). A new society and labour market demanded a new type of unity. Th e 
emergence of large industry, the scientifi c impact on technology, the split of 
scientifi c fi elds and the growing suspicion between philosophy and the natural 
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sciences, however, left a need for cross-cultural communication and a frame-
work of understanding. 

Ørsted’s eff orts in Danish culture had created a tendency to consensus, but it 
was furthermore necessary to create a historical continuity and cover the fi s-
sures of the past and the new profession with a name. He now came to serve as 
the visionary who guaranteed the historical legitimacy and fulfi lled the linking 
of science with industry and technology in the concept of “applied science”. 
His natural philosophy and essential parts of his concept of “Bildung” were 
not incorporated in this new ideology. Th e harmonious cooperation between 
philosophy and science in Ørsted s̀ dream had long since been replaced by 
scepticism and suspicion.

It has been almost a ritual to use C.P. Snow  ’s treatise Th e Two Cultures and the 
Scientifi c Revolution from 1959 as a pivotal point for debates on the gulf of mis-
understanding and mutual incomprehension between the humanistic (literary 
and intellectual) and the natural scientifi c cultures, but the problem diagnosed 
by him is evidently much older. Ørsted has been called the man “of the two 
cultures” (27), as he performed in both and wanted to place the natural on 
equal footing with the humanistic sciences. 

In the centenary of the Polytechnical Institute in 1929, the director P.O. Pe-
dersen  made his account of what was lost on the way. He expressed his concern 
with the growing gap between the cultures, the lack of common understand-
ing and “Bildung”. Th e specialization of sciences and professions meant that 
diff erences in language blocked for dialogue and co-operation to the disad-
vantage of society. Technology and engineering had become important, but 
also dangerous, as the engineering culture was too little concerned with the 
consequences of technological progress (28).

Th e culture of the modern engineer contains many cultures, which desperately 
seek to maintain monopolies and identities in often-fi erce competition with 
other professions. Th e question is not whether the humanistic and the scientifi c 
cultures can be united, but whether the modern ultra-complex culture can at 
all off er links for understanding and dialogue. Th e gaps between the cultures 
can no doubt be narrowed, but they will not disappear. Th e history of science 
and technology, technology assessment and ethics, interdisciplinary projects 
and new platforms of dialogue may create new understanding. For the sake of 
the general values of society, it is essential that the cultures of engineers defi ne 
themselves and explore their historical, sociological, political and ethical foun-
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dations. In this context, a new concept of “Bildung” for the engineer could 
accentuate the ability of critical refl ection on self, profession and technology.

In most thinking after Aristotle , the separation of reality in a physical and 
metaphysical layer has produced codes of cognition and action. To transcend 
the physical nature of technology and engineering means to seek the decisive 
characteristics of that concept of unity that the ancient Greeks named techné. 
Th at demands a turn from outer to inner understanding – not to create an epis-
temological dualism, but to look for the source, the context and the purpose.

If the philosopher, as an agent for metaphysics, glances at the physical and 
functional reality of engineering, it is not with the certainty of clarifi cation 
or of systematic totality. On approaching the dangers of modern technolo-
gy, Martin Heidegger  closed his lecture on Th e Question of Technique from 
1949/1950 with words that warn against dogmatism  and underline the obliga-
tion of those who develop and analyse the substance of techné:
 
 “To question is the piety of thinking” (29).
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(1) Cf. Jessen, Erland U. (1971).
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and patents and in his writings for general education. 
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(16) Ørsted, H.C. (1814: 37).
(17) Replacing the Ecole Royale des Ponts et Chaussées of 1747, the Ecole Royale du 

Génie de Mézières of 1748 and the Ecole Royale des Mines of 1783, the Ecole 
des Travaux Publics was founded in 1794 and by law of September 1st 1795 re-
named Ecole Polytechnique. In 1805 it became a military academy. In the era of 
Napoleon and the Restoration it inspired successors, especially in Germany and 
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Dresden 1828, Stuttgart and Copenhagen 1829, Hanover 1831 and Darmstadt 
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(1990).

(18) Th e Polytechnical Institute of Copenhagen was established through royal rescript 
of January 27th 1827 with the purpose of being “preferably useful to certain 
branches of public service as well as for managing industrial plants” (§ 1) In: 
F. Algreen Ussing (ed. 1834): Kgl. Reskripter og Resolutioner, Reglementer (..). 
Copenhagen.

(19) In the English edition of Th e Soul in Nature. London 1852 (repr. 1966): 192-
204.

(20) Th e power of the Danish guilds was broken in 1857 with the law of free trade, 
which, after a period of transition, was given full validity in 1862. 
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Odense: 197.

(22) Wagner, M.F. (1999: 397). 
(23) Cf. Helge Kragh (2005: 283-287).
(24) Nielsen, H., Wagner, M.F. (1994). Lange linier i dansk teknologihistorie. In: 

Buhl, H., Nielsen, H. (eds.). Made in Denmark? Randers: 50.
(25) Ørsted, H.C., SES VIII. Copenhagen: 178.
(26) Th e laws of Dansk Ingeniørforening (Danish Organisation of Engineers) of 1892 

established the alliance between appointment, science and profession. Th e pur-
pose of the organisation was “to encourage the collegial relation between Danish 
engineers, to maintain the importance of the scientifi c-technical education and 
in all to take care of the interests of the engineering profession” (Ingeniøren I, no. 
2, 2d of July 1892: 3).

(27) Cf. Ole Immanuel Franksen (1981).
(28) Cf. Povl Vinding (1930).
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Chapter 3

Craft and Art in Engineering

Philotechne as an Ideal of ‘Bildung’ in Engineering Education

Matti Vesa Volanen

Abstract: Over and above theory and praxis , Being and Doing, we have a third tradi-
tion of Bildung , the tradition of poiesis , Making. We can understand the way in which 
the content, the material of learning , is shaped into concepts in a particular context 
as a process of making, of producing not only a new conceptualized content within 
a context but also the space of learning. Th is is a space of learning based on getting 
the feel of and responding to the material of learning, the content, making sense of 
it. Th is is the main idea of philotechne as Bildung. Th e Greek word philo means love 
or friendship and techne craft . Th e etymology of the word “craft” leads us to “draw-
ing together”, “stretching”. It contrasts with the word “skill”, which means “divide”, 
“separate”. And if we remember that the German word Bildung puts together Bild 
“image” and düngen “to cultivate”, philotechne as love for craft opens a zone in the 
limbo of those who love knowledge – philosophers – viz. the zone of production.

On the Roots of the Ingenuity of Engineers

Two words from Latin are to be remembered here: the word ingenuitas mean-
ing “condition of a free-born man, noble-mindedness”, “native, freeborn,” and 
the word ingenious meaning “capacity for invention or construction”. 

In the year 1899 two interesting devices were patented in the US. One was 
a trap for catching mice. Th e other was a machine for producing paper clips. 
Each was among the very fi rst of its kind. In the US today, there are many 
thousands of patents for mousetraps and paperclip machines, all seeking to 
improve on the ones before. It is everyone’s hope to make a better mouse trap 
or better paper clips: “Build a better mousetrap and the world will beat a path to 
your door” (attributed to R.W. Emerson; see Lienhard 2006: 1163).
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We have, alongside industrialization, many craft  movements such as the arts 
and crafts movement, the art nouveau school of design, the Bauhaus school 
and numerous books on artefacts that can be made at home by young and 
older people. Cheshire L. Boone insists in his ten-part book “Guide and Index 
to the Library of Work and Play” that “there were never a time in the history of 
the world when each race, each nation, each community unit, each family almost, 
did not posses its craftsmen and artists” (Lienhard, 2006: 1690). And craft serves 
learning : the world which you produce in one way or another is familiar to 
you, your home, your dance. Th e light of the world and the fi re of your soul 
have then the same root (see Lukács 1971, 21).

If a hand tool is a metaphor for the pre-modern era and the machine for the 
modern era, then for the second, late or post-modern era, it is – as we say it in 
Finnish – tietokone, the ‘knowledge machine’: machines have learned to use 
languages, languages have learned to use machines and languages are funda-
mental factors in production. Engineers as experts in the knowledge society do 
not dip their hands in clay. Nevertheless, they are producers. Experts have to 
be able to produce the social situation via which basic questions of philotechne  
have to be posed and solved. Th is is a new dance for engineers. It is not a dance 
with machines any more but a dance with people.

Engineers’ Dance with Machines?

In the modern sense, engineers are often said to be people working with ma-
chines: the fi rst attested use of engineer to mean “locomotive driver” was in 
1839. We know that in the very beginning the word profession referred to a 
profession of duty in national armies or bureaucracy. 

If we follow a variation on the Weberian way of thinking (Konttinen 1991), we 
can say that the pre-modern version of a profession was associated with at least 
three diff erent ideas of knowledge. Th e fi rst is the Kulturmensch with scholar-
ship, knowledge of the origin of culture and of the essence and fate of man in 
the world. Th e second concerns elementary instrumental knowledge as part 
of the Kulturmensch or craftsman. Th e third possibility relates to traditional 
knowledge based on craft  as mediated through the craft tradition and produc-
tive handicrafts. Th e modern version of profession turns the knowledge of the 
Kulturmensch and craftsman into that of the Fachmensch, knowledge which is 
based on natural science and specialism. From this we can derive the following 
four types (see Figure 3.1):
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Figure 3.1.  Situating Cultured Expert s
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Th e main question for the Fachmensch is “How are things or processes?” and 
for the modern Berufsmensch “How can I make it?” Th e integration of for-
mal and instrumental knowledge in the course of manipulating objects and 
symbols simultaneously is “precisely what makes technicians’ work culturally 
anomalous” (Whalley and Barley 1997: 49). A craftsman manipulates or trans-
forms materials to produce artefacts. Instead, technicians manipulate materials 
to produce symbolic references. But technicians do not use these references to 
create new references, as in the academic professions. Th ey use these references 
to manipulate objects. Nor are technicians a kind of hybrid of craftsmen and 
blue-collar workers. Th e work of technicians “punctures the existing cultural 
bulwark; it is at once a synthesis of mental and manual, clean and dirty, white-col-
lar and blue-collar. Such a synthetic melding of cultural opposites has been previ-
ously approximated only by engineering, surgery and other “manual” professions” 
(Whalley and Barley 1997: 49).

Th is synthesis between head and hand – Being and Making, theory and poiesis  
– leaves out the third element, the heart, questions of Doing, praxis  and ethics . 
For the education of the cultured engineer we need a more profound footing. 
We need to consider three questions to open a perspective on philotechne: how 
are things? (epistemology), how are they when they are good? (ethics) and how 
can we produce them according to the laws of beauty? (aesthetics ). 

We can investigate these three questions as questions of learning .
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‘Bildung ’ and Moments of Learning

In our understanding of learning , there has been an on-going expansion of the 
learning space, which we should be able to open up for reformulation as the 
result of learning. It is no longer simply a question of changes in individual ac-
tivities, or in the mental constructs and habits via which we master these activi-
ties, but also one of how we can learn to produce the learning processes which 
provide the possibilities to develop the mental images, concepts and habits of 
learning. Th e question then becomes not only ‘how to learn to learn’ but ‘how 
to learn to learn to learn’, i.e. proto-learning, how to learn a content, has fi rst 
turned to the question of how to learn habits of learning (deutero-learning) 
and then, how to learn to cancel these habits of learning for reformulation 
(Bauman 2001: 123-124). 

Th is drifting of the concept of learning  into the concept of ‘tertiary learning’ 
or ‘learning of the third degree’ indicates a theoretical dead end: are we obliged 
also to establish a fourth degree and a fi fth degree and so on? My thesis is that 
this theoretical expansion of the concept of learning (Engeström et al. 1999) is 
a result of the abstract understanding of learning under the terms of ‘acquisi-
tion’ or ‘participation’, i.e. learning Being/by being or learning Doing/by do-
ing (Sfard 1998).

Historically, it seems that learning  and learners have slowly won independence 
from teaching and teachers. Alternatively, we may speak of a narrative of the 
empowerment of learners and learning. If we see learning as a process relation 
between the learner and the material, the content of learning, then the content 
of learning is the very fi rst teacher. It is well known that teaching does not 
always produce learning and learning does not always need teaching. We can 
learn a concept with content in a context with or without any kind of teaching 
or with or without clear experience of learning. Th is suggests that learning and 
teaching were once one and the same process. In this situation, the material of 
learning which is formed returns in-form, the content as a concept in a con-
text without formal teaching. One result of the formal and usually academic 
tradition of teaching is the disintegration of this kind of learning situation, i.e. 
encapsulating teaching and the material of learning as independent to each 
other.
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Traditionally, two main forms and two diff erent kinds of relations to the ma-
terials of learning are listed . We can learn a form and by a form, i.e. we learn 
Doing and we learn by doing. On the other hand, the relation to the material 
of learning is either referential or mimetic. We see our learning as our acquisi-
tion of Being or as our participation in Doing. Th ese four forms of learning 
– learning Being and by being, learning Doing and by doing – are the main 
forms of formal education and training (see Figure 3.2.).

Over and above theory and praxis, Being and Doing, there is a third tradition 
of learning , the tradition of poiesis , Making. We can understand the way in 
which the content, the material of learning, is shaped into concepts in a parti-
cular context as a process of making, of producing not only a new conceptual-
ized content within a context but also the space of learning. Th is space of learn-
ing is based on getting the feel of and responding to the material of learning, 
the content, making sense of it. It is this space, formed by three dimensions of 
learning, which is at the very heart of craftsmanship. What is more, the tradi-
tion of craftsmanship enables us to create a new horizon of Bildung : every work 
situation is something that is constituted by us. We learn by producing the 
requisite content, by using concepts in a context. Th e constitutive moment of 
expertise comes about, not within the narrow space of theory/praxis (crossing 
between concepts/contexts), but within the broad space of theory/praxis/poi-
esis, where we are faced with the three always open questions that emerge at 
the very instant of making: how are things (theory, Being); how should they be 
done to be good (praxis, Doing); and how can they be made real according to 
the rules of beauty (poiesis, Making)?

Using craft  as a methodological mirror, which confronts us with epistemo-
logical, ethical and aesthetical challenges, we can analyse and construct the 
curriculum for the cultured engineer as questions of Bildung  and philotechne. 
Th is means that the idea of philosophy – the dance with knowledge – has not 
a rich enough content.
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Figure 3.2.  Moments of Learning 
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Th e Myth of the ‘Academe ’

Th e well-known slogan “Bildung  durch Wissenschaft”, Bildung through 
science and scholarship, described an eff ort to escape the constraints of the 
Church and expressed a belief in the individuals’ own ability to cultivate their 
minds. Th is slogan rests on the idea of individualism, perhaps even on the idea 
of aes thetic individualism: man must put himself in God’s place. Science be-
came a new secular church with its accompanying institutions.

As we know, stating Plato’s suburban school at “the olive grove of Academe ” 
as the origin of the universities is a myth manufactured by university scholars 
(Dabrowski 1990). Th e University of Bologna – to take an example – was a 
student community (universitas scholarium) for legal studies in the middle of 
the 12th century. Its students, who came from all over Europe, were “aliens 
but highly desirable ones as they brought with them a promise of fame for the 
city and prospects of income increase for its citizens (house rent)” (Dabrowski 
1990). Th e student community was eager to gain political and economic privi-
leges. According to Roman civil law, a community is a corporate personality 
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with a set of rights and obligations, but as legal aliens the students were only 
artifi cially citizens of the city. In such a position, aspiring to privileges that 
the apprentices of crafts and trades of the city were denied, a “masterpiece of 
juridical sophistication” was required. “Th e ancient imagery of a knowledge hier-
archy with the artes liberales on its higher levels and the artes serviles on the bottom 
line was reanimated by the 13th century jurists of Bologna for practical and political 
reasons” (Dabrowski 1990). 

‘Universitas’ was, then, at the very beginning, a community of students while 
‘Studium’ was a name for places where scholars’ corporations resided. ‘Stu-
dium generale’ meant that the content of their studies went beyond narrow 
local concerns. Th e division between academic and vocational studies was a 
question of privileges and power. Th e result of all this was that academic Bil-
dung  was easily seen as absolute, truthful and universal, above any particular 
interests. Th is is also an excellent rationale for connecting academic Bildung 
with the glory of national truth, as was done in many countries later on.

Vocational education, by contrast, was relative, instrumental, specifi c and tied 
to particular interests, because it was linked with working life and because its 
basic nature was not national but international. When, later on, the distinc-
tion between art and fi ne arts (Kunst/Schöne Kunst) was made to give art and 
art education the social prestige of a science, artes serviles was also shorn of the 
idea of aesthetics . Th e theory of knowledge and the theory of beauty are, for 
social reasons, detached from the theory of techne. As a consequence, we can 
go on talking about the training, the formation of the skills of the labourer. 
Academic Bildung , then, expresses not a universal but a particular social inte-
rest – a call for power.

Another call has also been heard in the history of education – the call for a pro-
fession. Although, even here, the starting point has often been the individual’s 
preparation for eternal life, this call has also been associated with a bond with 
other people: it is possible to make oneself worthy through other people by 
making oneself indispensable in the eyes of others. Th us, here Bildung  means 
becoming worthy in the estimation of other people, not only in one’s own es-
timation. Vocation has become a pro fession.

Th is road to vocational Bildung  diff ers in its intention from the road leading 
to academic Bildung. Traditionally, academic Bildung seeks to escape from 
the world and distance itself from it, so that the world can thus be seen more 
clearly, that is, more truly. Ultimately, the aim is to write a great illuminating 
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book about the world, to recreate the world – and to rise above the hurly-burly 
of one’s own restless era.
 
A profession, too, is always linked to an aspiration: the desire to make things 
and even people take on a new form. A profession is thus not related to the idea 
of escaping the world; rather, a profession requires going out into the world: 
the essence of the world can be learned only by working on and with it. A 
profession makes it possible to create one’s own durable internal world, which 
also involves other people, as a source of Bildung  – that is, of freedom – not as 
a barrier to it.

What then was the basis of the distinction between artes liberales and artes 
serviles? It goes as follows: when you are forming through a working process 
(poiesis ) the object of your work, you cannot reform yourself, and when you 
are forming yourself through activity (praxis ) you are not forming a separate 
object residing outside you, but yourself as a person (Riedel 1973).
 
In fact , it was one of the starting points of the modern era to say that you can 
– in principle and in a philosophical sense – educate yourself through work. It 
means that in principle, and in a very fundamental sense, vocational Bildung  
is modern Bildung. In the fi rst two decades of the last century the realization 
of this fact confused the academic tradition. 

Th e practical solutions to the problem were less promising. In the process of 
forming the modern national state, the idea of praxis , the policy of the national 
state, was the primary consideration. Science and scholarship, and, later on, 
art, fi ne art, had to lend their support to the national state. And that was a 
question of money. In return they won national glory. All this meant that the 
third element, work, poiesis , lost its association with knowledge and beauty, a 
possibility to generate through work general cognitive or aesthetic processes, or 
new social meanings; these tasks were now the preserve of science, scholarship 
and fi ne art. “Th e scientifi c management” of work expresses the standpoint 
of science very clearly. Frederick Taylor writes in his book Shop management: 
“My system is aimed at establishing a clear-cut and novel division of mental and 
manual labor throughout the workshop. It is based upon the precise time and mo-
tion study of each workman’s job in isolation and relegates the entire mental parts 
of the tasks in hand to the managerial staff        ”. (Taylor 1911)

As regards art, its relation to work was much more complicated. We have a 
very problematic social classifi cation – and thus a social skirmish – of craft , 
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art-craft, craft design, design, art design, industrial art, art, fi ne art. During 
the early decades of the last century, fi ne art achieved what was clearly a new 
position: art no longer merely refl ects the beauty of nature but is, instead, ac-
tively searching for and forming new meanings. 

Th e result of this shift was clear and enables us to make a simple division be-
tween the academic and the vocational traditions: the academic represents the 
tradition of knowledge and truth, fi ne art the production of social meanings 
and experience of beauty in the context of national citizenship. Work and la-
bour, on the other hand, are special skills without their own aims or basis; they 
are for labour and the labourer. Academic education, then, is vocational educa-
tion for those who become leaders, and vocational education general education 
for those who will be led, as the saying goes.

Culturally, as a fruit of the philosophy of the Enlightenment, we are under 
pressure to maintain this split. We can go so far as to say that the fi rst indus-
trial revolution dismantled the central moments of craft  work, turning them 
into opposites, severing theoria  (Being), praxis  (Doing) and the main part of 
poiesis  (aesthetics ) from craft work, reducing wage labour to the production of 
physical force, the labour force. On the other side of the coin, in the national 
states, science and scholarship, politics, and the arts all acquired correspond-
ing institutions, which became the loci of externally conducted research into 
labour and externally fostered the protection of labour – which, among other 
things, led to the emergence of scientifi c methodologies of work research, such 
as Taylorism, humanistic work research and, more recently, the concept of 
theoretically mastered labour. It also led to the emergence of poor relief and 
– with time – the welfare state. Further on, in the course of time a massive and 
relatively independent machinery for the production of meanings evolved.

Can we still accept this way of thinking? Th at is, can the abstraction of wage 
labour and its consequences, as it emanates from modern society, be an au-
thentic starting point for work research and work development? In my view, 
the answer is no.

It ceased to be an acceptable starting point when the external relationship be-
tween machine and language became intertwined into a single system, a texture , 
where it was no longer possible to make an unambiguous distinction between 
communication and activity. Accordingly, labour is increasingly a communica-
tive activity or activity-oriented communication. Meaning production is no less 
an industry than is the production of artefacts, themselves invariably carriers 
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of a varying weight of meanings. Th us, we are not speaking about a diff erence 
between meanings carried by language and meanings mediated by artefacts but 
– to put it briefl y – of a power relationship. How much time and social space 
do we, as employees, citizens, consumers, fathers, mothers and children, have 
to devote, diversify, enrich, in other words individualise and localise to produce 
artefacts/meanings? Whether during or outside working hours, it is this process 
of individualisation and localisation that is the process par excellence in which the 
mental and the social are born. Individualisation means social production.

Overcoming the Modern Tripartite

How does the work sphere appear to an expert, the modern craftsperson? Ex-
perts are, of course, given assignments. Th ey do not get their hands dirty except 
in a metaphorical sense. Th e expert sets out to generate a sphere of activity that 
encompasses the object of his/her work as well as the expertise itself and those 
who possess it. Th is act of constitution, this sphere of activity thus established, 
is a social space that makes it possible to frame and solve the three questions 
mentioned above. Th us, activity is not about transferring something through 
the medium of something else, but it is an act of constitution, the construction 
of a space/sphere of activity. Th is sphere is a mediating space. Th is constitu-
tive act takes place every time work starts. When an employee goes to work or 
starts a new job, one asks: How do they do things here? How should it be done 
to be good? How can it be done artfully?

Vocational craft  is constitutive. In principle, craft creates the methodological 
fi eld map or the framework within which the three questions are asked. It is 
these questions and the answers given to them that generate and shape the 
shared sphere, a social space for learning  and activity that defi nes the basic 
character of the subject, the object and the mediating process alike. Th at is, 
it defi nes the content of work. Th is is basically a matter of scale. Every labour 
situation involves, in one way or another, on one scale or another, all three 
questions. Th e challenge involved in work lies in the question: to what extent 
is it possible to do away, while going about a job, with “dead work” and social 
fetishes by drawing on “living work”?

Even if work tasks have to be carried out according to a particular schedule, 
it is possible to frame the questions in a rich and concrete manner. In other 
words, constitutive tasks are used to reveal as fully as possible 1) what factors 
are referentially present within the immediate range of the sphere of activity 
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(that is, what the relevant description or theory  is), 2) what there is in repre-
sentation (that is, what is the relevant value judgement, the conception of a 
good outcome, praxis ), 3) how the outcome could be brought about artfully 
(poiesis ).

Th is presupposes that work embraces – at its best – three diff erent moments: 
productive idleness, exploratory defi ning play and artful production. All have 
their own characteristic rhythms and temporalities, porosity and liveliness. 
Doing concrete work on a human scale depends on how skilfully organised 
the mutual relationships between these three temporalities are, and on what 
scale, in terms both of time and space, the three basic questions are framed 
and solved. 

We do not usually “do” love, knowledge or things (to do, tithêmi – to put, to 
place, to set); rather we “make” (poieô) love, knowledge and things. Every fact  
is a fact of making (fact < facere = to make) and every thing is an artefact of 
making. In contrast to doing, we have to have materiality in a present situation 
for making knowledge, things, love. We also need a sense of the material, i.e. 
sense of the content and context to make our concepts. 

We cannot make anything without a feel for content and context. If we lose 
our feel for a context, we are doing matter without any sense. If we lose our feel 
for a content, or if it is for us non-sense or contingent, we are doing without 
materiality. And if we are not making or doing anything, i.e. if we lose our feel 
for context and content, we are slaves of seeing, of theory. 

Th is, precisely, is the original modern solution: theory is seeing the being, 
praxis  is doing the meaning and poiesis  is making the thing, all outside each 
other. Th e synthesis of these three processes, the main three aspects of human 
living work, took place not as a result of work but in the market, in the form of 
buying and selling dead work as commodities. 

But living work is no longer at the point of exchange. When we exchange an 
amount of living work for another piece of living work (i.e. A=B, as Marx says, 
and not A≠B, as Pareto says), we have to have a feel, a memory of the living 
work textured in the goods, for a concept for each piece of goods. With this 
feel we in-form a thing into a a piece of goods. And the thing is – as a piece of 
goods – conceptual, a part of the social texture . 
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At the market, a piece of goods turns into a commodity . Th e knowledge about 
living work is no longer present, but it is textured in the price of the commo-
dity. In the exchange situation we are not re-making the knowledge of produc-
tion, i.e. how these goods have been produced, but we are doing a mimetic 
representation of the living work curdled in the commodity. Usually, in our 
culture, at the point of exchange, we seek to fi nd out who produced it only 
if we are buying a piece of craft work. Th e situation is mostly the other way 
round: it is extremely diffi  cult to fi nd out who has produced the commodity 
and there is an enormous information machinery to turn our attention away 
from the texture  of the goods, replacing that information with promises of the 
commodity.

But information is not knowledge. We “do” information but we “make” know-
ledge. Concepts of making and the making of concepts are not only questions 
of being and theory or doing and praxis , but primary questions of poiesis , get-
ting a feel for – i.e. knowledge, facts (Tat-sache) – simultaneously with the 
three questions: the questions of episteme, ethics  and aesthetics. In the com-
modity  developed from goods, these three questions have a social and cultural 
solution, a second time and an inverse form. Th e fi rst time, under the original 
modern industrial situation, the feel for content and context was impossible 
or extremely abstract. Th e questions of episteme, ethics and aesthetics were 
transformed outside living labour, inside new institutes of science, which had 
no other possibility than to try to form a theory, not a feel for living work, i.e. 
a theory of labour. 

As stated earlier, the feel for working situations has, throughout history, been 
the core of craftsmanship. Learning by making means that we are able to form 
the feel for the materiality of a situation. Th e feel for a work situation is not 
tacit knowledge. In a sense, it is not knowledge at all, i.e. an ab-straction of 
the situation, but vice versa embedding in the situation. It is not only a process 
of forming knowledge but of texturing the concept with content in a context. 
Th is means that one has to be able to participate in the production of the situ-
ation with respect to the three basic questions of philotechne : how are things 
(facts), how should things be done to be good? how can we make them nicely? 
Th e feel for learning  situation can only be learned by being able to produce, 
to make the situation. Learners should not be functions, products of learning 
situations, but co-producers of it. In learning, the main questions are not the 
acquisition of or participation in the learning situation but how to produce 
these situations. Learning, then, is not only an internalization via a mediat-
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ing activity, something which is outside, but an enriching activity, in-forming 
one’s inside world, i.e. the inside of the world.

As one result of our analysis, the Demiurge , the old public draftsman (Gr. dh-
mioyrgòs, a worker for the people, a workman, dhmios belonging to the people, 
fr. dhmos the people + èrgon, a work) takes on a new public form: the cul-
tured expert . How can we produce a work process in which we can form new 
concepts with content in a context? Th is reformulation of learning  processes 
means – to use a technical expression – that not only the output of the process 
changes but also that the parameters and structure of the learning process can 
change (Müller-Benedict 2000: 35, 245) without losing the feel for the situa-
tion but, instead, producing it.

Learning and Work

For analytical purposes, let us suppose that context, concept and content are 
independent of each other. In this arrangement, learning  has, as a question 
of theory and praxis , Being and Doing, very light foothold on contents. It 
even allows the possibility of seeing the content as a function of context and 
concept, i.e. it is possible to specify content via concept and context and not 
vice versa. Our tools of construction, concepts and choice of context, should 
then be more powerful than the content, the materiality of the situation. We 
are then, in a way, free to design the world by crossing the borders between 
diff erent contexts and/or levels of ab-straction. Th e content follows us, we do 
not follow the content. 

Th is kind of analysis is, of course, misleading. Con tent, concept and context 
are all dependent on each other. Movement in one dimension, i.e. learning , 
also means movements in the other two dimensions. But this kind of con-
struction of the space of learning renders a very important question visible: our 
understanding of learning as crossing the borders, from one context to another 
and/or one level of ab-straction to another, is always in danger of losing the feel 
for the content, the material of learning. It is very diffi  cult, if not impossible, 
to handle from within formal education and academic institutions because it 
is a result of the modern solution of division of duties between science, policy 
and production. 

To deal with this situation we should be able to develop a strategy of knowledge 
from the point of view of making, i.e. how do we learn the concepts in contexts 
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through producing the content, and not vice versa? We produce the contents by 
constructing the concepts in context. Th e idea, then, is that the constitutive mo-
ment of knowledge is not in movement inside the thin space of theory/praxis  but 
in the fat space of theory/praxis/poiesis  with the three questions always open at 
the very point of making: how are things (facts), how should they be done to be 
good, how can they be made according to the rules of beauty?

We can see three fundamental bases for learning : theoria , praxis  and poiesis . 
In traditional thinking, theoria, representing science and scholarship, seeks 
to form the ability to see the world as it is, while praxis involves a struggle to 
acquire the ability to make the world a better place through activity; poiesis 
aims at producing beautiful artefacts. Th e fi rst modern solution formed an al-
liance between science and art and defunctionalised poiesis by subjecting it to 
the outside control of science and by excluding the questions of beauty from 
the working process. 

A new solution – late-, post- or second modern – is needed because, contrary 
to the early industrial society, there is no longer a tool or a machine between a 
worker and the object of his or her work but productive machinery as a whole. 
Machinery has learned to use language, and language has learned to use ma-
chinery. Furthermore language itself is part of the machinery of production. To 
be more exact: what we have here is not only machinery, a technical advance or 
a productive body, i.e. a biological organ, but – if one may say so – a language-
like social texture  surrounding us. Th e etymology of texture goes back to Latin 
and Greek: in Latin, textere is to weave, textura (texo+ura) is the art of weaving, 
texo means putting together or constructing a complex structure, textus a bond; 
in Greek it is the art of metalworking, while in old Indian language a taksán 
was a carpenter. Texture also refers to the complex structure of a surface.

As a result of this textualisation of our everyday life, the economic capital has 
become ever more dependent on human, social and nature-based capital, that 
is, on human qualifi cations, social trust and natural resources. Th e main focus 
of all the texture  around us is an ability to read the value residing in living 
work that has already departed from the dead products of that work, in such a 
way that we can, once again, relate living work to its products without any loss 
of economic, human, social or nature-based values. Th is is not only a question 
of life and death for any production unit or economic system but also a strug-
gle for the social existence of any social class.
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Engineers’ Dance with People

Allgemeine Bildung , the general cultivation of academic tradition, science and 
scholarship and fi ne art was based on separating theoria  and praxis  from poi-
esis , on the productive leisure time to be used for thinking deep or/and high 
thoughts, on the principle of arcanum , that is, the idea that authentic reality is 
anchored not in sensible reality but in some substance behind it, in insensible 
reality. Beside being usually seen as nationally oriented throughout the early 
modern industrial period, Allgemeine Bildung of this kind also formed a hori-
zon around the problems of its own era by cross-illuminating everyday life and 
its problems. 

Vocational Bildung  is based, in principle, on the educative feedback generated 
by the object (Gegenstand) when we work on it. If you hit a rack with your axe, 
you learn very quickly not to do it a second time. When the means and the ob-
jects of work manifest themselves in a textual form, it is impossible to perceive 
this kind of feedback without a refl ective, conceptual means of access to it. Th e 
worker must master the language of the machinery and of the object of his or 
her work. What is most important, workers have to be able to relate themselves 
to the objects and products of their work, not only through vocational means 
and concepts at their disposal, whatever they may be, but also through a social 
way of thinking (Gedankeding). Th is third language is the language of vocational 
Bildung. Th e general element of vocational Bildung is thus bound up with the 
materiality of social texture , that is, with a refl ection on dead work. Th is Allge-
mein, then, is never merely a symbol of, or a text generated by, a productive mind, 
but an unfolding of the hieroglyph of real work, already completed. 

Th ere is a fatal impotence in both types of Allgemeine Bildung. Th ey are both 
located outside the third element, praxis . Th e academic tradition provides the 
means to read and write a book about the world, but only through its social 
position which does not give it power to change the world. Th e vocational tra-
dition has the means to eff ect change but only inside the social way of think-
ing. It does not have enough power to cross-illuminate the praxis of texturing 
the products of work already completed. 

Together the two traditions might have something that neither has on its own. 
If we reintroduce the questions of beauty, truth and good life, that is aesthet-
ics, science and scholarship, and politics, into poiesis , we have the possibility of 
cross-illuminating the social way of thinking through the most concrete and 
general social bonds, through the bonds of living work.
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To be able to handle this kind of situations, the education of cultured engineers 
is not only one of a synthesis of heads and hands. To use a traditional, even 
romantic, expression: the development of experts and citizens with “bright 
head, hot heart and golden hands” (Shuhomilinski 1977) is to be formed and 
in-formed according to the rules of beauty, not only by doing and re-doing 
signs/visions (Bild-ung) but getting a feel for, a fusion of all the three, bright 
head, hot heart and golden hands under rules of beauty. Th e question is not 
only how to learn a set of specifi c skills and knowledge but how to learn a set 
of virtues  (Kirkeby 2000, adapted):

Euboulia •  Broad-minded prudence

Euphoria •  Enthusiastic sense of reality

Hyponomé •  Brave patience

Prolépsis •  Competence for anticipatory visualization

Epibolé •  Practical intuition

Maieutike 
téchne •  Craft of giving birth to Goodness, Truthfulness and Beauty

Th is dance of engineers is with people.
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Th e Philosophy and Epistemology

of Engineering Practice and Engineering Science





Section Introduction 

Fernand Doridot & Anders Buch 

Th e focal concern of this section is to establish a framework for refl ections on 
engineering knowledge. In doing so, the section addresses some basic ques-
tions:

1. What is the relevance of philosophy in engineering?
2. What is the nature of engineering knowledge?
3. How do applied science, engineering science and pure science diff er?
4. What characterizes methodology in engineering?
5. How do engineers acquire new knowledge?
6. Is technological knowledge a matter of technical necessity or political 

choice?
7. How can engineering knowledge be justifi ed?

Th e majority of the articles in this section propose answers to all of the above 
questions, even though some of them are more particularly focused on one or 
the other of these questions. Th e main question common to all the articles is 
that of the defi nition of the very specifi c type of knowledge which character-
izes engineering and which sets it apart from related fi elds like pure science or 
applied science.

At fi rst sight, philosophy seems irrelevant to the world of engineering. Engi-
neers are “pragmatic” and more interested in practical results than principles 
or abstract methods. From this perspective it seems completely irrelevant to 
refl ect on their activities by philosophical methods.

However, it is precisely this prejudice that Bill Grimson’s article counters. He 
argues that engineering and philosophy share a great number of common ele-
ments. Engineering can in fact be regarded as an intrinsically philosophical 
discipline. Especially in the fi eld of epistemology, philosophical refl ections 
become relevant for engineering, but other branches of philosophy (e.g. aes-
thetics, metaphysics, etc …) are also relevant. Th e same goes for most “post-



modern” currents of philosophy. Th ey can help to understand tendencies and 
problems in engineering – in spite of their apparent anti-scientism. For this 
reason, a philosophical culture can give guidance to engineers – e.g. in the 
development of their professional activities.

Sylvain Lavelle pursues the same objective in his article. He discusses philo-
sophical pragmatism and by exploring the many dimensions of this thought 
(developed in particular by John Dewey) he dismisses the negative reduction 
of pragmatism to a simple “philosophy for engineers”. Philosophical pragma-
tism deserves not only the interest of engineers but also that of philosophers. 
Pragmatism gives both philosophers and engineers a fertile tool for the inter-
rogation of the links between theory, practice and technology.

Th e examination of the type and the statute of the knowledge developed by 
engineers are approached in the three articles by Steen Hyldgaard Christensen 
and Erik Ernø-Kjølhede, Arto Mutanen, and Mike Murphy, Eugene Coyle 
and Bill Grimson. Th ese authors defend – in their respective manners – the 
idea that engineering knowledge constitutes an autonomous fi eld of knowledge 
which cannot be reduced to other scientifi c activities. But whereas the article of 
Steen Hyldgaard Christensen and Erik Ernø-Kjølhede aims at characterizing 
this argument in “ontological” terms, Arto Mutanen chooses a “methodologi-
cal” approach.

For Steen Hyldgaard Christensen and Erik Ernø-Kjølhede, engineering is de-
marcated from other scientifi c activities by a certain number of “structural” 
diff erences – relating for example to the aims and the goal of these activities, 
their normative foundation, and their epistemological complexity. In addition, 
the knowledge of engineering can only be understood with reference to the 
practical problems which determine it. Th is sets engineering knowledge apart 
from the domains of pure science or applied science. Engineering establishes a 
synthesis between the object world, the conceptual world and social world, and 
the corresponding knowledge is a kind of synthesis between tacit knowledge, 
descriptive knowledge and prescriptive knowledge.

Th is tripartite distinction is echoed in Arto Mutanen’s article. He demon-
strates that engineering is preoccupied with epistemological, ethical and aes-
thetic questions. Nevertheless, the author deals with these three fi elds from a 
methodological point of view. He is searching for the distinctive methodology 
and type of “inquiry” of engineering. Th e author presents an “interrogative 
model” of inquiry. Th is model stresses a strategic connection between deduc-
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tive approaches and empirical reasoning that is essential for the methods used 
in engineering. Th e author tries to pinpoint the features of a methodology that 
captures the specifi cities of engineering – in particular the connection estab-
lished between the “problems” faced by engineers and engineering knowledge 
and skills. He concludes that engineering is inherently polyparadigmatic. “Ba-
sic inquiry” and “applied inquiry” depend on specifi c theories which determine 
their respective object and methods. In contrast, engineering represents a kind 
of “practice-based inquiry” that characterizes its objects through a dialogue.

In their article, Coyle, Murphy and Grimson continue the discussion of the 
engineering method and propose a model for engineering which diff ers from 
the natural sciences. Drawing on examples from the history of engineering, 
they demonstrate that engineering includes multiple factors, including crea-
tive design initiatives from diff erent sources, global political, economic and 
cultural circumstances. 

Th e idea of a constitutive dialogue which Arto Mutanen introduces is further 
developed in Anders Buch’s contribution. However, the latter shifts the fo-
cus from knowledge to knowing or learning. He analyses the dynamics of the 
learning and getting to know among engineers. His approach is set within 
the framework of the paradigm of the STS (Science and Technology Studies). 
In contrast with the classical and individualistic models of learning found in 
traditional philosophical and psychological theories, he considers the group as 
the structuring entity for learning. His arguments are based on a case study 
of engineers working in a company in the telecommunication sector. Th e case 
study indicates that learning must be understood as a transformation of the 
social practices of the engineers. Learning can be understood as a progressive 
negotiation of the meanings among the participants in the social practices. Th e 
dynamics of the learning process is informed by the mediated goals, interests 
and perspectives of the actors and should not be considered in terms of inner 
or outer motivation of the individual learners.

All the mentioned approaches stress, inter alia, the inherent “social compo-
nent” in engineering. It is possible – in more general terms – to specify the 
links existing between technology and society: Is technology controlled or 
autonomous? Is it neutral or does it convey certain values? To what extent 
can technology be democratized, and to what extent can society determine 
the future of technological development? Th ese questions constitute the topics 
of Fernand Doridot’s article. He discusses these questions in the frameworks 
of the classical philosophical tradition and of the contemporary Anglo-Saxon 



philosophy of technology. Th e latter tradition provides tools that allow us to 
think about the political form of representations and the kind of power con-
veyed by technology.

Th e contributions in this section give us a highly complex image of engineering 
knowledge, practice and methods. Engineering is not only a technical activity; 
it includes social and political dimensions as well. In the conjunction of these 
dimensions, its originality and autonomy are brought about. Th is undoubtedly 
explains why, even to speak about engineering knowledge and to understand 
it, it is necessary to be pragmatic, and to retain the concepts that appear the 
most eff ective, even if it is diffi  cult to provide an exhaustive theory that in-
cludes all aspects of engineering knowledge.
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Chapter 4

Engineering  – An Inherently Philosophical Enterprise 

William Grimson

Abstract: Th is chapter fi rst sets out the arguments for considering engineering from a 
philosophical point of view with specifi c reference to the main branches of Phi losophy. 
Additionally, within the single branch of Epistemology, the relevance of Empiricism, 
Rationalism, Existentialism, Logical Positivism, and Post-Modernism to engineering 
is briefl y outlined. Th e general proposition advanced is that Engineering is itself fun-
damentally philosophical in nature, attempting in its own way to make sense of the 
world in which we live. Th at translates to rejecting the notion of having a Philosophy 
of Engineering, against the grain it is admitted, and simply to use the concepts and 
tools assembled by philosophers over many centuries in order to ob serve and charac-
terize Engineering. Following this train it is stated that Engineering needs to use all 
the insights that can be gained from Philosophy, with as many per spectives as pos-
sible, and including a consideration of Post-modernism and Deconstructuralism. Th e 
fi nal part of the chapter in reaching some conclusions suggests that the Engineering 
profession, particularly through its education programmes, should harness the power 
of philosophy to enable engineers to be more accountable to society. 

Introduction

Th at the average man or woman knows more about professions such as Medi-
cine or Law than about Engineering is remarkable when one considers the 
impact of that profession on our built environment. It is perhaps the very ubi-
quitousness of engineering that is at the root of the problem. And it is true also 
that even if the products and artefacts of engineers are everywhere, the engi-
neer, whether working as an individual or in a group, acts largely unob served 
by those outside their profession. So we have a sort of paradox: the engineer as 
one belonging to an invisible profession but a profession that has the greatest 
of impacts on our world. It is thus both ambitious and appropri ate then that 



90 • William Grimson

this book has been written and this chapter takes an overview of the relevance 
of philosophy to engineering.

Engineering whilst it draws knowledge and inspiration from Science, Math-
ematics, Architecture, Art and Nature is neither simply a super- or sub-set of 
these disciplines: it has its own distinguishing features. Strangely the discipline 
with which Engineering can best be compared is Philosophy or at any rate 
a modern interpretation of what constitutes Philosophy. Adam Morton has 
stated that ‘philosophy is one discipline among others, aiming to fi nd truths about 
the relations between … its objects, in a way that requires evidence from fallible 
sources, including evidence pre-digested by other sciences. Philosophy is like engi-
neering … concerned above all with topics where theory and evidence are not in 
perfect agreement, and where practi cal needs force us to consider theories which we 
know cannot be exactly right. We accept these imperfect theories because we need 
some beliefs to guide us in practical matters. So along with the theories we need 
rules of thumb and various kinds of models’ (Mou 2001). Th is puts in a nutshell 
the very essence that is engineering – to proceed at all, some assumptions or 
approximations have to be made if ‘things’ are to be designed and built. And 
there is great art in being able to use gainfully those theories that are known 
to be imperfect and to judge the extent to which rules of thumb may be safely 
deployed.

Carl Mitcham, on refl ection, has asserted that ‘because of the inherently philo-
sophical character of engineering, philosophy may actually function as a means to 
greater engineering self-understanding’ and taking this as a lead, an increased 
understanding of the engineer as a global citizen (Mitcham 1998). Th e same 
author also points out that engineers are blamed for many of the world’s 
ills (pollution, greenhouse gases, ugly buildings etc) and notes that Martin 
Heidegger ‘has even gone so far as to argue that all such ethical and aesthetic fail-
ures are grounded in a fundamental engineering attitude toward the world that 
reduces nature to resources in a dominating Gestell or enframing’. Th e engineer as 
a global citizen needs to explain him or herself to such a charge! But they need 
to understand themselves fi rst.

Th ere are good arguments for considering engineering from a philosophical 
point of view with specifi c reference for example to Empiricism , Rational ism , 
Existentialism , Logical Positivism , Post-Modernism , and the Philosophy of 
Science . Th e way engineers interact together can be interpreted from a philo-
sophical standpoint, and a similar treatment but with an external focus (e.g. 
dealing with engineer non-engineer relationships) can be applied to the ex-
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ternal perception of what constitutes engineering. When taking what might 
be termed a holistic and philosophical perspective, some conclusions can be 
reached that suggest that the engineering profession needs to partially re-align 
itself away from a purely scientifi c base in addressing the major chal lenges 
facing humanity today. Th e underlying reason is that engineering is not just 
science – it may use science and clearly science is of huge impor tance to engi-
neering – but it is much more and needs typically to take into account a wide 
range of factors and aspects. So for that reason this author, at least, dislikes the 
use of the term ‘Engineering Science’ as it carries the sug gestion that Engineer-
ing by itself does not embrace Science! Finally, as a means of communication 
the Engineering profession can utilize the tools of philosophy to help enhance 
the understanding of all citizens regarding how engineers come to their con-
clusions and solutions.

Engineering from a Philosophical Perspective

What do writers mean when they use the term Philosophy of Engineering? 
In this respect it is noted in the Introduction to Chapter 5 that the literature 
on the ‘knowledge of engineers’ has been somewhat neglected, partly because 
of an imagined positioning of that knowledge somewhere between craft and 
science. It should not be surprising then that a comprehensive Philosophy of 
Engineering is not in evidence. Stepping back a little, what indeed is a good 
working defi nition of philosophy? And it is noted that a current entry in Wiki-
pedia states that ‘the defi nition of philosophy is famously a diffi  cult matter, and 
indeed many defi nitions of philosophy begin by stating that it is famously diffi  -
cult’. So how does one proceed? An engineer might attempt the sound practice 
of extrapolating from fi rmer ground and derive a defi ni tion of Philosophy of 
Engineering from, say, a Philosophy of Science. But this carries no guarantee of 
success. Consider within a Philosophy of Science Karl Popper ’s often discussed 
falsifi ability principle . Much has been written on this principle, yet it would 
seem to some that it has no relevance to engineering. Indeed its relevance to 
Science might also be questioned. String theory or Super String theory is quo-
ted by some as failing Popper’s test, yet many eminent Physicists consider that 
String theory is a legitimate scientifi c activity. No example comes to mind of 
where an engineer would consider whether his or her theory was falsifi able: the 
question would not arise. Failure on the other hand is important in engineer-
ing, but is not as strong a feature of science. In engineering, requirements and 
constraints are gathered, analysis and design are carried out, followed by the 
creation of something which is totally open to the possibility of failure in some 
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mode or other. Th e role that failure or partial failure plays in the development 
of engineering design in fact is fundamental, as pointed out by Henry Petroski  
in much of his writing and especially in his book ‘To Engineer is Human: Th e 
Role of Failure in Successful Design’ (Petroski 1985). In short, generalizing a 
Phi losophy of Science to encompass Engineering is, at best, problematic. 

An alternative approach to an extrapolation from a Philosophy of Science is 
to reject the concept of having a Philosophy of Engineering based on another 
domain and instead go back to the basics of Philosophy and develop a set of 
attributes, characteristics or even principles that collectively state something 
specifi c to engineering. Put another way, do we need to have a Philosophy of 
Engineering? Ludwig Wittgenstein  considered that ‘Philosophy is not a the ory 
but an activity’ (mental activities, one assumes) so one conclusion might be 
that the most that one can produce from Philosophy is a set of observa tions. 
Th us a multi-faceted picture, and not a single homogeneous philosophy, is 
the likely outcome which is in keeping, perhaps, with the view expressed in 
Chapter 6 as to the ‘polyparadigmatic inquiry’ nature of engineering. One 
simple way of starting this observation process then is to work within the main 
branches of classical philosophy and to explore what they can ‘say’ about Engi-
neering. What are the main branches? Perhaps there is not a total agreement on 
the answer amongst modern professional philosophers but historically, at least, 
the fi ve main branches are generally agreed to be Epis temology , Metaphysics , 
Ethics , Logic, and Aesthetics . It is noted in passing that, to a large extent, the 
various Schools of Philosophy over the centuries were associated mainly with 
one of these branches, whereas the application to engineering of these branches 
must involve all fi ve. Returning to the pro posed alternative to having a Phi-
losophy of Engineering, the contention is that, by careful refl ection on the to-
tality of what constitutes engineering from the perspective of each of the above 
fi ve branches, something defi nitive emerges about ‘engineering’: in eff ect the 
branches are the ‘microsco pes/telescopes’ that are used to examine the subject. 
Putting it this way, it becomes a little clearer that it does not make great sense 
to talk about the Philosophy of Engineering or the Philosophy of Agriculture 
for that matter. It is more a case of what the instrument that is Philosophy 
discovers when it ‘examines’ Engineering.

As an experiment a number of Professional Engineers were asked to rank the 
relevance of each of the above branches of philosophy to engineering, aided by 
a table in which simple defi nitions of each branch were given. What emerged 
generally was a high degree of agreement that all branches bar one were highly 
relevant to engineering, with the exception being metaphysics. In a sense this 



Chapter 4 • Engineering – An Inherently Philosophical Enterprise • 93

is a partial confi rmation that ‘philosophy’ has a universal validity. Respond-
ents noted that, in the case of Epistemology, the way British Engineers gained 
knowledge during the earlier years of the Industrial Revo lution was as often 
as not empirically. Whereas by the end of the Revolution engineers had bor-
rowed Rationalism  from the French. Th e British had made the initial progress 
with the development of steam engines but, until impor tant theories were de-
veloped by the French and applied to new designs, the engines were hope-
lessly ineffi  cient. Th is pattern is a particular feature of engineering. From fl ying 
buttresses to the shape of man-made wings, pro gress was a result of shifting 
from empirically gained knowledge to that found by rationalism and often 
in a cyclical pattern: a point reinforced in Chapter 7. Th e diff erence between 
Engineering and other branches of human endeavour is that such a dualism is 
actually accepted and valued! Th ere are no theological-like objections to using 
any form of knowledge: in fact the engineer cannot aff ord to take an imagined 
or principled stand against evi dence however it was obtained. In that respect 
Engineering is very like Medicine where evidence-based medicine is now much 
to the fore. 

Th e Table below summarises the responses received to the simple question-
naire used to determine or estimate the degree of relevance to engineering of 
each of the fi ve main branches of philosophy. 

Description Some main 
questions

Categories
(examples)

Relevance to 
Engineering

Epistemology Process by 
which 
knowledge 
is gained

What is know-
able?
How is it ac-
quired?
Is it valid?

Rationalism 
and Empiri-
cism.
Logical-posi-
tivism etc.

High

Metaphysics Study of reality 
that is beyond 
the physical

Existence of 
God, the soul, 
and the afterlife.
What is exist-
ence?

Investigation 
into the nature 
of reality.
Uncovering 
what is ulti-
mately real.

Low 

Ethics Study of moral 
value, right 
and wrong

Placing value to 
personal actions, 
decisions, and 
relations

Moral theory.
Virtue ethics.
Religion and 
ethics. Applied 
ethics

High
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Logic Study of right 
reasoning

Tool used to 
study other 
philosophical 
categories

Propositional 
logic and pre-
dicate calculus. 
Quantum 
logic. Tempo-
ral logic

Low in some 
respects
High in others

Aesthetics Study of art 
and beauty

What is the rela-
tionship between 
beauty and art?
Are there objec-
tive standards?
Is beauty in 
the eye of the 
beholder? Form 
versus function.

Aesthetics in 
the arts. 
Aesthetics in 
the sciences.
Aesthetics in 
engineering 
(design).

High

Th e respondents ‘awarded’ a low rating to Metaphysics. Th ey might consider 
that they are in good company as no less a person than Wittgenstein fought 
against Metaphysics and saw it as grammar in the clothes of science (Kenny 
2005). But is Wittgenstein’s Tractatus Logico-Philosophicus not metaphysical? 
Further, Voltaire  considered that metaphysicians ‘are like dancers, who, be-
ing dressed to the greatest advantage, make a couple of bows, move through 
the room in the fi nest attitudes, display all their graces, are in perpetual mo-
tion without advancing a step, and fi nish at the identical point from which 
they set out’. Some would have that Ontology  is the most fundamental branch 
of metaphysics in that it studies ‘existence’ and the categories and relation-
ships, and hence determines what entities and what types of entities exist. In 
that conventional sense as used in Metaphysics, Ontology has probably little 
relevance to Engineering. However as a tool in knowledge sharing, an onto-
logy is a description (like a formal specifi cation of a program) of the concepts 
and relationships that can exist for an agent or a community of agents. Th is 
defi nition is consistent with the usage of ontol ogy as set-of-concept-defi nitions 
(Gruber 2003). And clearly the relevance of set-of-concept-defi nitions within 
engineering is huge.

A few additional points can be made.

1. Th e highest ranking (High) was given by all respondents to Ethics. Th is 
refl ects, it is believed, modern concerns with a whole range of issues, 
for example: global equity in relation to the provision of healthcare, in 
which engineering inputs are crucial (consider the provision of clean wa-
ter and good sanitation); the nuclear energy debate; pollution; environ-
mental impact; global warming, just to mention a few obvious ones. 
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2. Metaphysics was given the lowest ranking by all but two respon dents. 
Th is is not surprising; after all many famous Philosophers gave meta-
physics short shrift. And the word itself is a little off -put ting; it reeks of 
a fusty and ancient but no longer relevant pre-occu pation. But a more 
modern interpretation of what constitutes meta physics might well have 
elicited a higher ranking.

3. Logic: clearly valued as an activity by all respondents, and responses 
indicated the relevance of studying diff erent systems of logic (not just 
mathematical logic as might have been expected).

4. Aesthetics: here the response was somewhat muted. Half of the re s-
pondents awarded a ranking of Medium and the other half a ranking 
of High. Without attempting to infer too high a level of signifi cance, 
nevertheless those from a Civil Engineering or Structural Engineer ing 
background were more likely to assign a High relevance ranking than 
those from an Electronic or Computer Engineering background. Th e 
reason is perhaps due to the more public visibility dimension to the 
works of the former. It might be asserted that a sister discipline such as 
Architecture would highly rank Aesthetics; and Civil and Structural 
Engineering are their fi rst cousins!

5. Epistemology: this branch of Philosophy was given the second high est 
degree of relevancy to Engineering. Also, the respondents on a ‘fol-
low-up’ dialogue were generally well acquainted with many of the sub-
branches of the activity. Not surprisingly Rationalism and Empiricism 
were well understood! One of the defects of the sam pling was the pre-
ponderance of what might be termed Professional Academic Engineers 
and in academia the debate between Engineer ing Science and just plain 
Engineering is a hot topic, with episte mology being central to the de-
bate.

A few additional words about Ethics, which is well covered in Section 3 of this 
book. First, it is worth recording that Th e Institution of Civil Engineers (UK) 
considers that Ethics is possibly the most fully developed philosophi cal area in 
general use within the engineering community. Second, high pro fi le cases such 
as the Challenger disaster contain very signifi cant lessons as to the role of eth-
ics in the workplace (Boisjoly 1987). Th ird, the relevance of teaching Ethics to 
undergraduate engineering students is surely very high and Chapters 10 and 11 
provide a good starting point. Finally, the whole practice of ‘whistleblowing’  is 
not without problems, not least of which is the jeopardy that the subjects may 
fi nd themselves in when employed in many of today’s state bodies or commer-
cial organisations. Chapters 12 and 13 deal with many of the key issues and 
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specifi c reference is made to the important US Whistleblower Protection Act 
(1989) in Chapter 13.

One overall conclusion that might be drawn is that all of the branches of 
philosophy are relevant to ‘knowing’ what engineering is, what activities are 
involved, and the basis for its decision-making. Th e fi ve branches are essen-
tially orthogonal and can, when applied together, facilitate a complete cha-
racterization of engineering. 

Epistemology carries great weight and has been the battleground on which 
many Philosophers have waged war. As the essence of epistemology is the na-
ture, source, and scope of knowledge a few words about this branch are justi-
fi ed in the context of ‘looking’ at engineering.

Epistemology

Engineers do not generally work in isolation. It follows that a means must exist 
by which ideas and knowledge are exchanged amongst team members. A lan-
guage and a system are required, and if in addition engineers seek to learn from 
other teams, it is to everyone’s cooperative advantage if a com mon language 
and common systems are employed. But in supporting all of this there is an 
underlying basis which is often just assumed and not given a moment’s thought 
by engineers. Th e basis is the nature and provenance of knowledge. Or in a 
slightly more general sense, provenance meaning both the authority associated 
with at least an adequate description of the knowl edge and some workable 
statement as to the limitations of that knowledge. How knowledge is ‘disco-
vered’, recorded, communicated to others, used, and subsequently revised is 
the essence of the matter. To some extent phi losophy is overly concerned with 
the ‘discovery’ phase whereas for engi neering the nature of how the knowledge 
came to be known is of much less importance than the ability to communicate 
and use the knowledge gainfully.

What follows is a simple mapping of what would be conventionally called 
theories of Epistemology and their relationship to how engineers might use 
such schemes. Th e defi nitions are based on those given in http://en.wikipedia.
org/wiki/Epistemology.
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Epistemology Th eory Engineering dimension

Empiricism Based on experience, a result of observation, very much to the 
fore in engineering disciplines. 

Rationalism Ideas not derived from our experience/observation. Based on 
pure thought. Clearly some knowledge is Rationalist in nature 
but for engineers subsequent justifi cation from experience is 
valued. In the strictest form, Mathematics, Computer Logic, 
would be good examples, and are of direct relevance to Engi-
neers.

Positivism Th e only authentic knowledge is scientifi c knowledge. Engi-
neering could never have developed based on such a narrow 
defi nition of knowledge. Planes fl ew before Engineers had 
available sound aerodynamic ‘knowledge’ in this sense. 

Logical positivism Also called logical empiricism, rational empiricism, and 
includes the Verifi able principle; its alternative (anti-logical 
positivism) is Popper’s falsifi ability principle. Engineers can 
work satisfactorily without considering this theory. 

Idealism What we perceive as the external world is in some way an 
artifi ce of the mind. Not held to be relevant by most engineers 
it is conjectured.

Existentialism
Existentialism considers action, freedom and decision as 
fundamental to human existence. Underlying themes and 
characteristics, such as anxiety, dread, freedom. Increasingly 
important perspective for Engineering taking the Human into 
account. To a large extent Existentialism is at odds with the 
Western rationalist principles: it takes into account human 
beings’ actions and interpretations however irrational they may 
seem.

Philosophy of Science Hypothesis, Prediction, followed by Experimentation and 
supporting or denying the hypothesis. Many engineers see this 
as a mixture of rationalism and empiricism. Engineering both 
contributes to knowledge thus gained and inherits knowledge 
directly from the work of scientists.

Transcendental idealism Unlike Idealism does not claim that the objects of our experi-
ences would be in any sense only within our minds. Percep-
tion is infl uenced by the categories and the forms of sensation, 
space, and time, which we use to understand the object. Th is 
is highly relevant, surely, to what is happening at design stages 
where the context of end-users must be considered together 
with many other constraints.
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It is not within the scope of this chapter to consider in depth the mapping 
between Epistemological theories and how engineers use them, whether im-
plicitly or unconsciously, but some inferences can be drawn.

1. Engineering is not just Applied Science but Science is important. So the 
Philosophy of Science is relevant … up to a point.

2. Mathematics for example, which is not a Science, is highly impor tant to 
Engineering and hence Rationalism is relevant.

3. Observation, even when no scientifi c theory is being tested, is of im-
portance to Engineering and Empiricism is fundamental to how Engi-
neers work.

4. Th e Human as an individual or as a set of people are of course of para-
mount importance: Engineering exists primarily for the purpose of pro-
viding mankind with objects and services intended for their benefi t. 
Both Existentialism and Transcendental idealism therefore have some-
thing important to ‘say’ to the Engineering profession, even if these 
theories are not in everyday use amongst its members.

In terms of the languages of discourse amongst the Engineering community 
many are obvious, such as standard mathematical notation with its embedded 
concepts, standard ways of representing graphically electronic circuits, struc-
tural diagrams, computer languages etc. But there is a vast language used in 
addition that does not fall into the above categories and which is invisible to 
outsiders. Th is is probably a characteristic of a number of profes sions – Law 
and Medicine come to mind. Without suggesting that all forms of discourse 
be standardised it would be benefi cial, it might be surmised, if deeper under-
standing was reached of ‘what is going on’ when Engineers communicate with 
one another in this other language. Th e contention here is that ideas, concepts, 
and terminology drawn from a range of Epistemological theories could be har-
nessed to deepen that understanding. 

Furthermore it is in the engineering design process more than anywhere else 
that all of the above has its greatest impact. Design is a high form of intel-
lectual eff ort in engineering and designing for engineers is a kind of balanc-
ing act. Th e choice and marshalling of the relevant domain knowledge, the 
understanding of the constraints, the selection of design approaches, decid ing 
which technologies to use, consideration of alternatives … all of this and more 
is typical of ‘design’. To bring all this together, the rational and irra tional, the 
scientifi c and the mere opinion, is the art of the Engineer. Th is and other re-
lated themes are picked up in Chapter 7. Th e key point is that Engi neering uses 
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knowledge in all its various forms and no special allegiance can be given to any 
one epistemological theory. Th is may seem a description of a type of impurity 
or odd mixture. But Engineering needs to have this char acteristic, dealing as 
it does with the real world rather than some idealised one. Also, and adding to 
the dogmas listed in Chapter 8 in ‘Th e Epistemol ogy of Possession’, engineers 
might add that Knowledge is something that in principle can be applied.

Post-modernism

And what of Post-modernism  and its some-time associate Deconstructuralism ? 
Do they have something relevant to say about engineering and to engi neers? 
Th is is not easy to answer; fi rstly because a clear defi nition of Post-modern-
ism is elusive. Clarity of expression is not its strongest feature! For example ‘if 
Descartes is seen as the father of modernism, then postmodern ism is a variety of 
cultural positions which reject major features of Cartesian (or allegedly Cartesian) 
modern thought. Hence, views which, for example, stress the priority of the social 
to the individual; which reject the universal izing tendencies of philosophy; which 
prize irony over knowledge; and which give the irrational equal footing with the 
rational in our decision pro cedures all fall under the postmodern umbrella’; this 
particular defi nition of post-modernism is given in http://www.fi losofi a.net/
materiales/rec/glosaen.htm. When someone as emi nent as Noam Chomsky  
fi nds the language and hence concepts of post-mod ernism diffi  cult to fathom 
it is not unreasonable to feel somewhat suspicious or even dismissive of the 
‘school’. But yet there are aspects of the above defi nition that might well appeal 
to some engineers. At its very simplest, examples of what were considered irra-
tional abound in engineering. After all, it was the ‘madness or irrationality’ of 
some engineers that brought about signifi cant progress in many aspects of the 
built environment. Lord Kelvin ‘knew’ that ‘Heavier-than-air fl ying machines 
are impossible.’ But irrational man did indeed make such machines fl y. Scien-
tists did not believe that radio signals could be transmitted across the Atlantic 
and be received. Marconi succeeded because he ‘believed’ it to be possible and 
it was only later that the science of the ionosphere justifi ed that belief. It might 
however be stretching things too far to expect engineering to give equal foot-
ing to ra tional and irrational decision making: but there is a time and place for 
what some would ‘view’ as being irrational. George Bernard Shaw  in Maxims 
for Revolutionists put it simply enough – ‘Th e reasonable man adapts himself to 
the world: the unreasonable one persists in trying to adapt the world to him self. 
Th erefore all progress depends on the unreasonable man’. Th is could be taken as 
an argument for the inclusion, to a degree, of irrationality in the undertakings 
of engineers.
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Another defi nition off ers Post-modernism as “a worldview that emphasizes the 
existence of diff erent worldviews and concepts of reality, rather than one ‘correct 
or true’ one. Whereas modernism emphasized a trust in the empiri cal scientifi c 
method, and a distrust and lack of faith in ideologies and reli gious beliefs that 
could not be tested using scientifi c methods, postmodern ism emphasizes that 
a particular reality is a social construction by a particu lar group, community, 
or class of persons” (Anderson, 1990). Th is defi ni tion would be identifi ed with, 
probably, by any engineer in charge of virtu ally any large project such as, for 
example, the building of a large hydro-scheme in a hitherto untouched and 
rural valley or building a nuclear power station close to a large conurbation. 
In these cases the various classes of per sons involved most certainly have dif-
ferent realities and society has progres sively provided more legislation for the 
articulation of those realities. Engi neers have to, and indeed do, deal with these 
realities, sometimes much to their frustration and that of the sponsor.

A few words about deconstructuralism which has been controversial, to say 
the least, within academic communities. Th e underlying concepts are that 
‘truth’ and ‘rationality’ are social constructs that depend on the ‘where’ and 
the ‘when’. Th is does not seem to be in any way radical – provided a reason able 
interpretation is allowed. It would be hard to convince an engineer or scientist 
that ‘1+2’ is anything else than ‘3’. However engineers would gen erally have no 
diffi  culty in acknowledging that some ‘truths’ are really only opinions. What 
has been radical and certainly contentious is the application of deconstruc-
turalist tools to a range of topics, to such an extent that the work of Foucault , 
Jacques Derrida , and others, seem like an onslaught on intellectual tradition. 
If Art and Literature have been the main battlefi elds, Science has not exactly 
escaped. Engineering to a considerable degree has not been a target, which 
is odd considering its almost overwhelming impact on the world in which 
we live. Engineering is not Science or Applied Sci ence; nor is it Mathematics 
or some other branch of rational thought. Engi neering is all of these things 
and much more; it is complex and involves so cietal considerations amongst its 
many concerns. In its higher forms engi neering is not a bricolage-like activity, 
and good engineering should be as a result of a fi ne balance when all things 
have been taken into account includ ing a consideration of alternatives which 
may be ‘true’ in another context or time. Post-modernism and deconstructur-
alism have something important to say to or about engineering and it would 
be enlightening if the exponents of these activities could enter into a dialogue 
with engineers using a somewhat more intelligible mode of expression. 
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Conclusion – Engineers: Know Th yself

Th e assertion in this article is that it would be advantageous to introduce Phi-
losophy into the undergraduate engineering curriculum. Just as a study of the 
History of Science and Engineering can provide a bedrock of context for stu-
dents – and staff  in some cases too – a course in Philosophy has the poten tial to 
allow engineering students and graduates to see the activities of their profession 
in a new light. Engineering involves the use of and contribution to knowledge 
over widespread domains, the logic that is used is highly dispa rate in nature, 
signifi cant ethical considerations are inherent in most engi neering endeavours, 
and aesthetic aspects can be fundamental to the outcome of the engineer-
ing process. Stephen Johnston, Alison Lee, and Helen McGregor, University 
of Technology, Sydney, Australia in a paper Engi neering as Captive Discourse 
contribute a number of insights into engineer ing education (Johnston 1996). 
One such point made expresses their ‘con cern that the discourse of engineer-
ing education has been dominated by the discourse of engineering science, 
to the virtual exclusion of other discourses which contribute importantly to 
the practice of engineering’. And this leads to or can lead to a de-contextual-
ising of engineering and engineering pro grammes. To illustrate, the Logical 
Positivist A.J. Ayer  could maintain that statements about ethical and aesthetic 
values are scientifi cally unverifi able and therefore meaningless. Th is might be 
a satisfactory position for some scientists but seems remarkably inappropriate 
from the perspective and ex perience of most engineers. After all, the impact 
on the world due to the ex ercise of engineering for thousands of years has been 
so signifi cant, that it is not so surprising that to many citizens of the world 
engineering has deep ethical questions to answer, which takes us back to the 
quotation from Mar tin Heidegger at the start of this Chapter. So, if Ayer was 
correct, then Engi neering certainly should also take into account non-scientifi c 
elements! Us ing the tools available from that activity called ‘Philosophy’, engi-
neering educators could well be advised to closely examine how it constructs its 
engineering programmes and to balance the scientifi c with the non-scientifi c. 

Finally, engineers should be accountable to society (in both a local and global 
sense). And part of that accountability is the responsibility to explain how 
engineering carries out its function in a manner intelligible to the non-engi-
neer. Prof Louis Bucciarelli ’s book Engineering Philosophy examines ‘how the 
concerns of philosophers are relevant to engineering thought and practice – in 
negotiating tradeoff s, in diagnosing failure, in constructing ade quate models 
and simulations, and in teaching’ (Bucciarelli 2003). Also the books by Henry 
Petroski certainly speak to both the expert and the layman and are inhe rently 
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philosophical or refl ective in nature. Th at Philosophical considerations are 
timely within the Engineering profession would hardly be disputed and the 
Royal Academy of Engineering  (RAE) in the UK has recently published an 
article in which it sets the scene for a project ‘the Philosophy of Engineering’ 
(RAE 2006). Th e general aim of that project is to gain a greater understanding 
of the nature of the engineering profession and discipline. Whilst not agree-
ing that there is a need to develop a Philosophy of Engineering, this author 
certainly agrees with the general aims of the RAE. Hopefully that project can 
have parallel ones in diff erent countries, for, as this Chapter attempts to de-
monstrate, Philosophy, its branches, its language and ‘tools’ has much to off er 
the Engineer in understanding themselves and in turn to relate that under-
standing to the greater community.
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Chapter 5 

Th e Knowledge of Engineers

Steen Hyldgaard Christensen & Erik Ernø-Kjølhede

Abstract: In this chapter, we discuss the nature of the knowledge of engineers. We of-
fer a sociologically informed description of the epistemological features and the social 
context of technological knowledge production in engineering practice. Our main 
focus is on the structural diff erences between science and engineering. Th us one of 
our aims is to determine where engineering can be said to have its proper centre and 
the consequences this may have for an epistemology of engineering. In our view, it is 
misleading to conceive of engineering merely as applied science. En gineering as we 
see it is both a cognitive and a practical enterprise. Th is conception is based on two 
main arguments: (1) a controversial one, arguing that within a context of application, 
engineers are the producers of a distinct body of technological knowl edge in its own 
right, and (2) a non-controversial one, arguing that engineering is a prac tical enter-
prise concerned with the immediately pressing needs of companies and the society 
in which it takes place. To justify this conception of engineers and engi neering we 
address three questions: 1) What are the structural diff erences between science and 
engineering? 2) What are the sources of problems in technology and how are these 
linked to the epistemological categories of knowledge and the knowl edge generating 
activities in engineering practice? 3) How can the ontological “worlds” in engineering 
practice be described? 

Introduction

“Th e function of the scientist is to know, while that of the engineer is to do. Th e 
scientist adds to the store of verifi ed, systematized knowledge of the physical world; 
the engineer brings this knowledge to bear on practical problems” (Th e New Ency-
clopaedia Britannica, 1982 15th edition vol. 6: 860).

”Technological knowledge … appears enormously richer and more interes ting than 
it does as applied science” (Vincenti 1990: 4).
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Th e two quotations leave us with a logical disjunction. On the one hand, en-
gineering has a body of knowledge of its own – on the other it has not. Th e 
diff erent conceptions of engineering in the above quotes indicate the need for 
an ongoing discussion on the epistemology of engineering. In the litera ture on 
epistemology and philosophy of science, the knowledge of engineers, positioned 
as it is somewhere between craft and science, has been somewhat neglected 
(Hendricks et al. 2000, Barley and Orr 1997, Vincenti 1990). Moreover, in an 
educational context there seems to be a lack of epistemo logical and philosophi-
cal refl ections in engineering studies especially at the undergraduate level. In 
our opinion, this is damaging for the image and aca demic respectability of 
prospective engineers (Hyldgaard Christensen and Ernø-Kjølhede 2006). 

Although epistemological refl ections have not been the stimulus, research on 
the interaction of science and technology has been considerably furthered by a 
growing political and scientifi c concern for technological innovation as a stimu-
lus to economic growth (Pinch and Bijker 1987). In macro level ap proaches, 
economists have been concerned with the study of radical or basic innovations 
– their nature, preconditions, emergence, diff usion, and their economic im-
pact (Sørensen and Levold 1992). At the micro level, organiza tional theorists 
and business analysts have been concerned with the innova tion strategies of in-
dustrial companies and their abilities to innovate to be able to guide companies 
in their market strategies. Policy orientation seems to be an important motiva-
tion for this type of research. Unfortunately, in spite of important merits, these 
studies tend to “black box” the internal dy namics of technological change. 

In a review of literature on the science-technology distinction and industrial 
innovation, Faulkner (1994) summarizes the science-technology debate  from 
its inception until its demise in the early 1980s. A special concern in the early 
debate was to challenge the linear model of the science-technology relation 
– which still haunts economic models of technological change. Strange as it 
may sound, an important consequence of the linear model is that engineer-
ing has no knowledge base of its own. Science is the “spring head” of tech-
nological change, portrayed as path breaking, original and risky; technology 
in comparison becomes straightforward and routine. Hence, in this interpre-
tation, the knowledge base of engineering is the scien tifi c method and the 
knowledge of the causal laws of nature accumulated in the natural sciences, 
which are brought to bear on practical problems. Ac cording to Laudan (1984) 
this conception rests on the widely-held and often unspoken assumption that 
technological knowledge is essentially tacit, mak ing it inaccessible to scholarly 
study. According to this assumption, the line of arguments is that technologi-
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cal knowledge is rarely articulated; when articulated, it is largely in a visual 
form diff erent from the verbal and mathe matical form of science. As a visual 
form of knowledge it is inaccessible to scholarly study with its focus primarily 
on the analysis of texts and logical structures (Laudan 1984). 

From the 1970s and onward, the science and technology debate has been su-
perseded by a more exclusive concern with technology itself. In the early de-
bate, the general tendency was to stress the blurring of the boundaries be tween 
science and technology, whereas the later debate has tended to stress the dis-
tinctiveness of technological knowledge. Th is “revisionism” is largely due to 
scholars of technology, in particular historians of technology. 

Assuming a blurring of the boundaries between science and technology (Pinch 
and Bijker 1987), the technological turn within social studies of science (Wool-
gar 1991) and the emerging programme of social construction of technology 
(SCOT)  has produced a diff erent approach to understanding the nature of en-
gineering knowledge. In the constructivist approach, technologi cal practice is 
conceived of as a locus of strategic action (Callon 1986) in which engineers act 
strategically to redefi ne both technology and society. In the course of action, 
both new knowledge and novel social relations are cre ated. 

In order to conceive of technological change and innovation in terms of in-
dividual action, constructivists are micro-level oriented. Th eir focus is on 
“representational practices susceptible to relativism” (Woolgar 1991:27). Th e 
display of ideals of masculinity  in engineering culture is an example of such 
“representational practices” illustrating the persuasive abilities of male engi-
neers and the power mechanisms of the engineering culture  (Hyldgaard Chris-
tensen and Ernø-Kjølhede 2006). At the micro-level of technology the focus 
of constructivists is on the persuasive abilities of individual scientists and en-
gineers; “their strategies to gain support of their choices of problems, solutions, and 
design criteria; and their eff ectiveness in connecting their research eff orts to what 
other people see as a desirable future” (Sørensen and Levold 1992:14). We share 
the view of SCOT that technology is socially constructed and the constructiv-
ist assumption that “power mechanisms” both within science and engineering 
can be analysed fruitfully by means of key concepts such as actor-network, 
translation and translation centers etc. (Cal lon, Law and Rip 1986). Moreover 
we share with constructivists the assump tion that the “locus of objectivity” 
both within science and engineering lies in a socially “prescribed set of rituals 
and behavioural norms” (Constant 1984). 
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However, we hold that, from a philosophical point of view, an instrumentalist 
epistemology in the sense of the philosophy of pragmatism (see chapter 10 for 
a thorough account of pragmatism) provides a more fruitful approach to the 
knowledge of engineers than does constructivism. As a corollary of this, we 
argue that engineering knowledge can thus be justifi ed as to the extent that 
it works. Th is is a core idea of pragmatist epistemology. Establishing that and 
how it works and not necessarily explaining why it works is hence a key to un-
derstanding the nature of engineering knowledge. It is, however, beyond the 
scope of this chapter to enter into a lengthy discussion of the constructivist ap-
proach. For further reference, see e.g. Barnes and Edge (1982), Bijker, Hughes 
and Pinch (1987) and Laudan (1981).

In this chapter, we draw on literature from all of the above approaches. We 
intend to do three things in the following: fi rst, to use science as a heuristic 
model for a comparative analysis of engineering; second, to explore the cen-
tral concern of engineering epistemology, i.e. how the growth of know ledge 
in engineering is related to technological progress, by examining the rela-
tionship between problem generators in technology, categories of knowledge 
and knowledge generating activities in engineering practice; third, to discuss 
from the point of view of ontology the kind of realities and entities dealt with 
in engineering practice and the corresponding epistemological catego ries of 
knowledge. To be able to do this, we address three main questions:

1. What are the main structural diff erences between science and engi-
neering?

2. What are the key sources of problems in technology and how are these 
linked to the epistemological categories of knowledge and the know-
ledge generating activities in engineering practice?

3. How can the ontological “worlds” of engineering practice be de scribed?

A few introductory remarks are needed. As we see it, there is a close relation ship 
between the concepts of technology, technological change and engi neering, 
and we therefore make little eff ort to distinguish between them in the follow-
ing. However, we distinguish between engineering practice and engineering 
science. When we speak of engineering in general we refer to the former. We 
also use the term knowledge in its broadest sense in this chapter. Here know-
ledge thus encompasses what is usually conceived of as knowledge, expertise, 
skills, competencies and information etc. What we intend is to base our epis-
temological refl ections on an analysis of the dy namics of technological change 
at the micro-level. In doing so, we shall ig nore the social and economic causes 
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of such change as well as the eff ects of technology in the wider social environ-
ment.

Structural Diff erences between Science and Engineering

We acknowledge that there are a lot of similarities between science and en-
gineering. However, in this section, we will focus on the major structural dif-
ferences between science and engineering. When embarking on a com parison 
of science and engineering from a general perspective, the initial problem one 
faces is: what to compare? Faulkner (1994: 431) argues that, at a general le-
vel, scholars of modern technology of, whatever philosophical bent they may 
be, seem to agree that technology can be distinguished from science in three 
closely related areas: 1. in its purpose or orientation, 2. in its socio technical 
organization, and 3. in its cognitive and epistemological features. We would 
like to change her model slightly. Th us our basis of comparison is: 1. Centre 
and purpose of activity, 2. Normative foundation, 3. Epistemo logical breadth 
and complexity. Th ese are the three aspects we focus on be low. 

Centre and Purpose of Activity of Science vs. Engineering

It is too easy merely to claim that science is concerned with facts and knowing 
why and engineering is concerned with artefacts and knowing how. However, 
as artefacts play an important role in the laboratory knowledge machinery 
of science and as knowing why is also an important element of engineering 
science, (there are of course several other elements; the most central ones are 
addressed below), this is not a crucial diff erence. An illumi nating diff erence 
pertains to the diff erent aims and goals of traditional aca demic science and 
engineering. According to this diff erence, the aim of sci ence is to further the 
growth of knowledge driven by curiosity to increase understanding, whereas 
that of engineering is to further technological pro gress for purposes external to 
engineering (e.g. economic growth, comfort of life etc.). 

However, we proceed on the hypothesis that the structural diff erences be tween 
science and engineering are located at another level. In our view, de sign is 
the central activity that defi nes engineering and distinguishes it from science. 
Th e focus on design is a view we share with e.g. Ferguson (1993), Bucciarelli 
and Kuhn (1997) and Dym (1994). Dym has defi ned engineering design  as 
“the systematic, intelligent generation and evaluation of specifi ca tions for artefacts 
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whose form and function achieve stated objectives and satisfy specifi ed constraints” 
(Dym 1994: 17). 

Contrary to engineering, the centre and purpose of science has traditionally 
been the accumulation of institutionally certifi ed knowledge published in the 
scholarly paper. Although this traditional purpose is in transition with the 
advent of so-called “mode 2 science ” (Gibbons et al. 1994) or post-aca demic 
science  (Ziman 1998), we would argue that the accumulation of institu tionally 
certifi ed knowledge is still at the centre of science as a system. Simon (1996: 1, 
4) has phrased this as follows: “Th e central task of a natu ral science is to make the 
wonderful commonplace: to show that complexity, correctly viewed, is only a mask 
for simplicity; to fi nd pattern hidden in ap parent chaos … Th e engineer, and more 
generally the designer, is concerned with how things ought to be – how they ought 
to be to attain goals, and to function”. In science, the knowledge accumulated in 
search of the “truth” is thus supposed to be an end in itself whereas knowledge 
in engineering serves as an instrument in the production of useful artefacts.

Th e hierarchical structure of technological practice also distinguishes tech-
nology from science. Th us engineering design with its focus on synthesis is 
the predominant, discriminating feature compared to science. An important 
characteristic of a technological project is thus its “decomposability ” (Con stant 
1984). A technological project can typically be decomposed into a hierarchy of 
specialist groups and into a hierarchy of specialist knowledge domains. When 
e.g. a wind turbine, a car or a bridge is to be constructed, the overall design 
concept is “decomposed” into the major components of the system, specifi c 
problems and subproblems, specialties and disciplines – “the technoscientifi c  
organization”. Th e decomposition of the technological project is structured in 
a way that allows for maximum interaction and coor dination between specifi c 
groups – the “sociotechnical  organization”. Design then is characterized both 
in its sociotechnical and in its technoscientifi c aspect at the micro-level by 
integration and synthesis  rather than by what constitutes the centre of science 
– the analysis of problems and sub-problems at the front of a scientifi c special-
ty. However, it may also be argued that the ethical dimension constitutes an 
element of its own right in engineering de sign practice as presented in chapter 
12. 

In a historical study of aeronautics focused on engineering epistemology, Vin-
centi  (1990: 9) off ers an illuminating illustration of what “decomposabil ity” 
means as to the design of aeroplanes. Vincenti argues that his model is valid 
in general for devices that constitute a complex system. Th e complete design 
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process takes place at fi ve levels and can be conceived of as an itera tive process 
that takes place up and down and horizontally throughout a hi erarchy consist-
ing of fi ve levels: “1. Project defi nition – translation of some usually ill-defi ned 
military or commercial requirement into a concrete tech nical problem for level 2. 
2. Overall design – layout of arrangement and proportions of the airplane to meet 
the project defi nition. 3. Major-compo nent design – division of project into wing 
design, fuselage design, landing-gear design, electrical-system design etc. 4. Subdi-
vision of areas of compo nent design from level 3 according to engineering discipline 
required (e.g. aerodynamic wing design, structural wing design, mechanical wing 
design). 5. Further division of categories in level 4 into highly specifi c problems (e.g. 
aerodynamic wing design into problems of planform, airfoil section, and high-lift 
devices).” 

Not only at the micro-level is engineering far more heterogeneous than sci ence. 
Both as to institutional settings and as to economic and social con straints at 
the meso-level, the degree of complexity is higher in engineering than in sci-
ence. Sørensen and Levold (1992) thus argue that scientists usu ally manoeuvre 
in a social terrain which is much simpler than that of engi neers. 

Normative Foundation of Science vs. Engineering

To create a basis for comparison our point of departure is Robert K. Mer ton ’s 
classic norms of science from 1942 (1973). Th e Mertonian norms are habitually 
referred to by the acronym CUDOS (referring to the Greek “kyddos”: glory, 
fame, renown) and constitute Merton’s original ethos of science: Communism, 
(research results are public property) Universalism (evaluation of research is 
based entirely on impersonal criteria) Disinterest edness (researchers should 
be emotionally detached from their fi eld of study) Organized Scepticism (re-
searchers must be critical towards the work of others and their own work). (See 
e.g. Hyldgaard Christensen and Ernø-Kjøl hede 2006, for a more thorough 
discussion of these norms).
 
Th e Mertonian norms represent an understanding of science rooted in aca-
demic research. In contrast, Ziman  (1994 2000) has suggested a set of norms 
that he claims to be characteristic for non-academic (typically indus trial or 
government laboratory) research but which we also fi nd to be a use ful descrip-
tion of engineering norms. Ziman’s norms are summarized in an acronym as 
well: PLACE. Th e acronym suggests that scientists working in non-academic 
research should carry out “Proprietary, Local, Authoritarian, Commissioned 
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and Expert work”. Ziman uses his norms to highlight the existence within 
science of a two-track-system with diff erent communities adhering either to 
PLACE-norms or to academic norms like those of the Merton school. Further-
more, each norm-set is indicative of fundamentally diff erent career patterns. 
Merton style norms are associated with individual careers in pursuit of personal 
scientifi c reputation and prestige (CUDOS). PLACE norms on the other hand 
are associated with organizational careers entailing a much closer identifi cation 
with and feeling of common destiny with the individual’s place of work. Th e 
PLACE norms  consequently imply a more collectivist attitude. As we see it, the 
PLACE norms in fact give a useful description of the norms prevailing in daily 
engineering practice. In our interpretation, engineering may in general thus be 
conceived as an appli cation-oriented knowledge activity taking place in a broad 
range of organ izational settings, drawing on a variety of knowledge forms, 
catering to a great number of interests and often doing so guided by ill-defi ned 
criteria of quality; very much along the lines of Ziman’s PLACE norms. 

Epistemological Complexity and Breadth of Science vs. Engineering
 
If we position forms of knowledge along a continuum of craft-based skills, 
design-based competencies and scientifi c knowledge (Barley and Orr 1997), 
a taxonomy of the categories of knowledge used in engineering (Vincenti 
1990, Faulkner 1994) would indicate that the epistemological complexity and 
breadth is wider in engineering than in science. Th is is not equivalent to claim-
ing that engineering is more diffi  cult than science: only that engineer ing in its 
epistemological features is more heterogeneous than science. Picking up on 
the above discussion of CUDOS vs. PLACE norms , a fruitful parallel may be 
drawn to concepts introduced by Nowotny, Scott and Gib bons (2001). Th ey 
speak of “weakly contextualised knowledge ” and “strongly contextualised 
knowledge ”. Weakly contextualised knowledge is produced in relative separa-
tion from its surroundings and its application, which has a lot in common with 
the underlying idea in the CUDOS norms of independence of the knowledge 
producer. Strongly contextualized knowl edge on the other hand is produced 
in close interaction and dialogue with its surroundings and with a high regard 
for possibilities of application – thus having a lot in common with the underly-
ing idea in the PLACE norms of dependence of the knowledge producer. Th e 
knowledge of engineers and technology as a phenomenon is clearly strongly 
contextualised and depend ent on its surroundings. Indeed, using another term 
borrowed from Nowotny, Scott and Gibbons, engineering knowledge needs to 
be “socially robust”, meaning that it is capable of not only fulfi lling technical 
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standards in their own right; it also has to be immediately useful in terms of 
being capable of passing the test of the market, i.e. fulfi l needs among users 
at a price and in a form that makes it attractive compared to other alternative 
solutions to ful fi lling that need. 

Th e contextual character of engineering knowledge also allows for episte-
mological liberties which are usually denied to scientists. Th us routines and 
heuristics, e.g. rules of thumb based on experience, play an important role in 
engineering problem solving. Th ese cannot be justifi ed theoretically but are 
justifi ed only as to the extent that they work. Th is epistemological liberty is 
closely related to diff erent modes of “satisfi cing ” in engineering and science 
(Constant 1984). Th e term satisfi cing refers to the question of “good enough” 
which is diff erently defi ned in science and engineering. Th us “good enough” in 
engineering refl ects a number of specifi ed constraints and simpli fying theoreti-
cal assumptions which serve as the basis for the solution of a practical problem. 
Constant argues that the reason for this diff erence is obvi ous. Science explores 
the environment “vicariously” or indirectly by means of experiments typically 
in laboratory settings whereas engineering explores the environment directly 
by means of tests of artefacts. “Technological ar tefacts are subject to direct envi-
ronmental elimination in ways that scientifi c theories are not: planes crash, engines 
explode, wheels fall off , toasters go berserk” (Constant 1984:35). Epistemologically 
speaking, we may say that engineering is aiming at controlling nature whereas 
the aim of science is to gain knowledge about nature. Engineering knowledge 
therefore traditionally allows for “overdesign” – “if it breaks, make it bigger” 
– and a degree of legitimate, simplifying assumptions which diff er from what 
is acceptable in science. Put a bit diff erently, we may say that engineering fun-
damentally aims at closing discussions by solving problems in specifi c ways. 
Academic science, in contrast, ultimately aims at opening discussions – and 
creating new ones – through adding new, preferably general perspectives to 
problems in order to expand the general knowledge base. 

Sources of Problems in Technology, Epistemological Knowledge 
Categories and Knowledge Generating Activi ties in Engineering 
Practice

“It is a commonplace that all research must start from a problem. Research can be 
successful only if the problem is good; it can be original only if the problem is origi-
nal. But how can one see a problem, any problem, let alone a good and original 
problem” (Polanyi  1967: 21).
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In our view the central concern of epistemology is the problem of the growth 
of knowledge. Th is is also the central concern of engineering epistemology. 
However engineering epistemology is particularly concerned with the ques tion 
of how the growth of knowledge is related to technological progress (Vincenti 
1990, Laudan 1984, Constant 1984). Polanyi’s observation that the growth 
of knowledge must start from a problem is a key to understanding the nature 
of the knowledge of engineers. What engineers know and how they know it 
is thus determined by the sort of problems they are trying to solve. Engineers 
spend most of their time dealing with practical problems. Some of these prob-
lems are trivial and routine and some of them complex and risky. Engineering 
knowledge both serves and grows out of this occupa tion. Accordingly, practi-
cal problems and knowledge generating activities are fused into a whole in 
engineering practice. For purposes of analysis, we shall follow the hint given 
by Polanyi above and separate the discussion of the sources of problems from 
the discussion of the epistemological knowl edge categories and the knowledge 
generating activities in engineering prac tice. 

Sources of Problems in Technology

In examining how problems get posed within engineering practice, Laudan 
(1984) has identifi ed fi ve sources of problems or problem generators that may 
eventually lead to cognitive change. It should come as no surprise that there 
is a strong disagreement among scholars of technology as to the num ber and 
kind of the basic sources of problems. Since the inception of this debate, at-
tempts of identifi cation have been an ongoing concern of engineer ing episte-
mology, as presented most notably in the works of Vincenti (1990) and Con-
stant (1984). We believe that four of Laudan’s fi ve problem gen erators  are basic 
in the sense that they are related to an obvious internal logic of technological 
progress (Laudan’s fi fth generator “problems given directly by the environ-
ment” will not be dealt with here as we believe the internal technological logic 
is lacking within this category).

Laudan’s four basic problem generators are: 1. Functional failure  of current tech-
nologies. Functional failure occurs when a technology is subject to an increas-
ing set of demands or when applied in a new and diff erent context. Problems 
of implementation may serve as an illustration of this category. Technologies 
are usually implemented because they are needed and not mainly because they 
work successfully. 2. Extrapolation from past techno logical success rather than 
actual technological failures. Th is category of problems refers to cumulative 
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improvement problems, typically problems of how to improve the speed, the 
capacity, the size, the cost effi  ciency etc. within an existing technology. At-
tempts to increase the capacity of wind turbines by increasing the size of the 
component parts are e.g. largely stimu lated by the internal dynamic of techno-
logy itself. 3. Imbalances between related technologies in a given period. When 
specifi c technologies or de vices are coupled into technological systems the ef-
fective operation of a particular technology may be impeded by the lack of an 
adequate comple mentary technology, typically creating bottleneck situations 
for the entire system. Usually, these situations are characterized by a strong 
economic pressure to overcome the imbalance. Th e coupled evolution of com-
puter software, hardware and networks may serve as an illustration of this type 
of problem generator. 4. Potential rather than actual technological failures. Th is 
category of problems is based on scientifi c anticipation of future func tional 
failure of a device or a system under more stringent conditions. Con stant 
(1984) speaks of presumptive anomaly. Th is type of problems occurs when 
scientifi c theory predicts that the conventional technology will fail under some 
projected conditions or that an alternative technology would do better. Con-
stant (1987: 226) illuminates this problem generating mechanism through an 
example from the history of aeronautics: “By the late 1920s aerodynamic theory 
suggested three conclusions: (1) that with suffi  cient thrust, well-streamed aircraft 
should be capable of approaching the speed of sound; (2) that conventional propel-
lers could not operate effi  ciently at such speeds; (3) and that gas turbine compressor 
and turbine components de signed in accordance with aerodynamic theory should 
be capable of signifi  cantly higher effi  ciencies than previously thought possible” [our 
number ing]. Th is made way for the turbojet revolution.

Problem generators thus stimulate the development of new or extended tech-
nologies, which in turn call for new or extended knowledge. An important cri-
terion of selection within the specifi c traditions of engineering practice is “like-
lihood of solution” (Laudan 1984). According to this criterion, the se lection 
of problems hinges on the social or economic utility assigned to the problems 
by society at large which is to say that the selection of problems hinges on the 
contextual relevance of the problems.

Epistemological Knowledge Categories and Knowledge Generating Activi-
ties in Engineering Practice

As we see it, the activities that generate new knowledge in engineering prac tice 
are linked to the above problem generators in diff erent ways. Such ac tivities 
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are motivated and conditioned not only by design but by production and 
operation as well. Moreover, knowledge generated by scientists is com bined 
with and interpenetrate knowledge generated by engineers. Studies of innova-
tion (Faulkner 1994, Gibbons and Johnston 1974, Senker 1993) are helpful 
here. Th ese studies have chiefl y been concerned with the extent and charac-
ter of knowledge fl ows from public sector research into industrial innovation. 
Faulkner (1994) has synthesized both the broader and the more detailed cate-
gorizations of knowledge of a number of innovation studies into a compo site 
typology of knowledge used in innovation. In our opinion, this typology gives 
a useful description of the knowledge components in engi neering design prac-
tice. Its main value is a clear distinction between knowl edge categories of de-
sign, production and operation. Unfortunately, the ty pology has little to say 
as to knowledge generating activities. Th ese are to be deduced from the typol-
ogy. 

Faulkner’s typology characterizes knowledge in terms of three taxonomic di-
mensions: 1. Specifi c types of knowledge. 2. Th e object or activities with which 
they are associated (product, R&D, etc). 3. Broad distinctions in the character 
of knowledge (tacit, specifi c, etc.) As to the fi rst dimension which is quite 
complex, see Faulkner (1994: 447). Th e second dimension of the ty pology con-
cerns the object of the knowledge in question: 1. Th e natural world. 2. Design 
practice. 3. Experimental R&D. 4. Th e fi nal product. 5. Knowledge itself. 
Th e third dimension describes a tripartite distinction be tween knowing as un-
derstanding, knowing as holding information, and knowing as holding skills. 
More specifi cally this tripartite division distin guishes between knowledge as: 
1. Understanding – information – skill. 2. Tacit – articulated. 3. Complex 
– simple. 4. Local – universal. 5. Speci fi c/contingent – general/meta-level. We 
believe this to be a useful framework for epistemological refl ections on engi-
neering practice. For a thorough dis cussion of knowledge and learning see 
chapter 8. 

As to the knowledge generating activities in engineering practice, Vincenti 
(1990) has also provided a helpful approach in spite of a less detailed catego-
rization of knowledge. An advantage of Vincenti’s perspective compared to 
that of Faulkner  (1994) is that it is historical. According to Vincenti (1990), the 
main categories of knowledge generated by engineers are: 1. Fundamen tal de-
sign concepts. 2. Criteria and specifi cations 3. Th eoretical tools. 4. Quantita-
tive data. 5. Practical considerations. 6. Design instrumentalities. All of these 
categories of knowledge refer to the problems to be solved within engineering 
design practice. However, as Vincenti conceives of engineering design as an art 
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that increasingly makes use of already established as well as developing scien-
tifi c knowledge, only a part of the knowledge is generated in the design shop. 
Th us the knowledge generating activities can be described under the following 
eight headings: A. Transfer from science. B. Invention. C. Th eoretical engi-
neering research. D. Experimental engineering research. E. Design practice. 
F. Production. G. Direct trial. To a great extent, knowl edge within A and C is 
generated by the research activities of scientists and engineers in academic in-
stitutions and industrial and government research laboratories. However, this 
is far from claiming that science is the sole source and that engineering is es-
sentially applied science.

Summing up this section, the main conclusion we wish to make refers to what 
we termed a controversial argument in the abstract. First, we have made clear 
that the interaction between science and technology is diff erent from the broad 
analogies presented by constructivists (e.g. Barnes 1982). Second, it has be-
come equally clear that it is misleading to conceive of engineering essentially 
as applied science; an outstanding example of which is Bunge (1966). Th ird, 
we have shown that a distinct body of knowledge in its own right grows out of 
engineering practice in its course of action. 

Th e Ontological “Worlds  ” of Engineering Practice
 
“We may view technology as a spectrum, with ideas at one end and tech niques 
and things at the other, with design as a middle term. Technological ideas must be 
translated into designs. Th ese in turn must be implemented by techniques and tools 
to produce things”(Layton 1974: 37-38).

From within any specifi c tradition of engineering design practice we would 
argue that three domains of activity can be abstracted: (1) technology and the 
production of artefacts (2) knowledge and knowledge generation, and (3) defi -
nition of purposes and functions and negotiation of constraints. Onto logically 
speaking, the entities of these three domains of activity refer to diff  erent kinds 
of reality. Th us we would argue that the entities of the three domains of activ-
ity are located in three diff erent ontological “worlds” which we term (1) the 
object world, (2) the conceptual world, and (3) the social world. Engineering 
practice then is concerned with the synthesis of these three worlds. Th is view 
is informed by the work of Bucciarelli and Kuhn (1997), Ferguson  (1993) and 
Vincenti (1990). Th e case we want to make is that in arguing this way it be-
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comes clear that technology may be conceived of as a social construction, a 
point of view which we share with constructiv ism. 

At the epistemological level, the tripartite ontological division in our view corres-
ponds to a rough distinction between three broader categories of in strumental 
knowledge, (1) skills and craft-based practical knowledge, (2) design-based 
theoretical knowledge, and (3) action-oriented social contextual knowledge. 
To phrase it in a diff erent way, we may say that the three catego ries of know-
ledge corresponding to the above distinction are: (1) tacit knowledge, (2) de-
scriptive knowledge, and (3) prescriptive knowledge (Vin centi 1990: 198). 

In our interpretation of Bucciarelli  and Kuhn (1997), two essentially diff er ent 
ontological “worlds” are confl ated into what they term the “object world”. We 
would like to make a distinction between a “conceptual world” and an “object 
world”. According to this interpretation, “the conceptual world” is the domain 
of conceptual and visual thinking in which engineers engage when working 
on the overall design concept or any specifi c aspect or subsystem of the design. 
Ferguson (1992) strongly emphasizes this aspect of engineering in the title of 
his book “Engineering and the mind’s eye”. De sign is made essentially in the 
mind. According to Ferguson, “the mind’s eye” not only reviews the contents 
of a visual memory but also forms such new or modifi ed images as the mind’s 
thoughts require. It is a conceptual process in which simplifi ed models must 
be devised to permit decomposition and calculation. Import from science at 
this ontological level is largely an import of texts and concepts. A major part 
of engineering information is recorded in a visual language that permits the 
“readers” of technologically explicit and detailed drawings to visualize the 
forms, the proportions, and the interrelationship of the elements that make 
up the object depicted. In this language, designers explain to producers what 
they want them to construct. Th e kind of knowledge in question is thus largely 
descriptive. Hence, work in the conceptual world is fi rst and foremost the 
esoteric work within a spe cifi c tradition of engineering practice or within a 
discipline of engineering science. Disciplinary tools are brought to bear in a 
thought process, which is likely to be inaccessible to people from other disci-
plines, let alone a layman.

Work within the “object world”, on the other hand, consists of the engineer’s 
intensive interaction with the “hardware” of the design. As observed by Whal-
ley and Barley (1997), engineering work is technical, not only because en-
gineers use esoteric techniques and instruments, but because machines and 
systems are the ultimate objectives of engineering. Maintaining and im proving 
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existing machines and systems and designing new ones remain the core of en-
gineering. To be able to manipulate physical objects to achieve practical ends, 
engineers must be in possession of an extensive body of con textual knowledge 
of materials, technologies and techniques. Contextual knowledge is largely 
particularistic. It is also tacit knowledge acquired through practice. Contex-
tual knowledge resides in the practitioner’s ability to fi nd and interpret subtle 
cues where outsiders see no information. In this sense, engineering resembles 
a craft. Th e hallmark of craftspeople is their ability to fi nd creative solutions 
and to render skilled performances based on an intuitive feeling of materials 
and techniques. 

As engineering design is embedded in a larger context – a “social world” – the 
design process can be conceived of as a social process as well. A com plete design 
is not in the hands of a single individual. To proceed, engineers have to take 
into consideration legal restrictions and standards, performance requirements 
set by customers and they have to negotiate with others in the company etc. 
Diff erent worlds intersect, generating work which is funda mentally social and 
process-oriented. No overriding instrumental strategy is at hand to reconcile 
and synthesize the diverse design interests. At the be ginning of the design pro-
cess, the performance requirements set by the cus tomer are the basis of the lay 
out of performance specifi cations, but even these requirements are subject to 
change. It is impossible to uphold these specifi  cations within an ongoing pro-
cess of modifi cation, clarifi cation, negotiation and joint interpretation (Bucci-
arelli and Kuhn 1997: 213). In this way, specifi  cations which seem clear at the 
outset are challenged by the very design process. Th e design process is thus a 
process of discovery to uncover ambi guities, confusions and contradictions.

Unlike the allegedly value-free constraints of scientifi c laws, other con straints 
are normative by nature, thus being negotiable, e.g. codes of ethical conduct, 
environmental restrictions, costs of production, limitations in time etc. Some 
of these constraints are more fl exible than others, but they are all subject to 
a plethora of interpretations. In the “social world”, design can therefore be 
conceived as a process of communication, negotiation and con sensus. No sin-
gle engineer, no scientifi c law, no technical imperative and no normative con-
straint can dictate the design in its totality (Bucciarelli and Kuhn 1997: 214). 
Th e totality is a result of the synthesis of the work within the three ontological 
worlds. 
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Conclusion

In this chapter we have attempted to outline an epistemology of engineering 
practice. Th us we have discussed the basic questions of epistemology: What 
is engineering knowledge all about? How can it be characterized? How do 
engineers get it? How can it be justifi ed? And how do engineers use it? Th ese 
are the sort of questions we have tried to answer although not all of them have 
been explicitly formulated. (Questions as to how to evaluate and criticize the 
knowledge of engineers have been outside the scope of our in tentions).

In a comparison with traditional academic and post-academic science, we have 
argued that, within a context of application, there are major structural dif-
ferences between engineering and science; both traditional, academic truth-
seeking science (“mode 1”) and transdisciplinary, post-academic ap plied sci-
ence (“mode 2”). We acknowledge that there are a lot of similarities between 
engineering and science e.g. methodology, publication in scholarly journals, 
experimental techniques etc. However, in its aim, in its centre of activity, in 
its technoscientifi c and sociotechnical organization, and in its satifi cing modes 
and simplifying assumptions, engineering diff ers signifi  cantly from science, 
in particular from traditional academic science. Th us engineering is, generally 
speaking, a far more heterogeneous enterprise than both of the above kinds of 
science, and the social terrain in which engineers manoeuvre is on the whole 
more complex than the social terrain in which most academic scientists ma-
noeuvre.

In examining the link between sources of problems in technology, solutions 
and knowledge generating activities in engineering practice, we have used an 
implicit heuristic. We have in fact used the Popperian distinction between 
“the context of discovery” and “the context of justifi cation” although its direct 
analytical value may be arguable. Th is distinction, however, can also be used 
to highlight an important diff erence between science and engineer ing in the 
sense that a prime focus of science may be said to be on “discov ery” in the sense 
of breaking new ground, whereas “justifi cation” in the sense of designing and 
making something work for a specifi c purpose is a prime concern of engineer-
ing. Our main conclusions concerning the link between sources of technologi-
cal problems and knowledge generation towards their solution is thus that it is 
misleading to conceive of engineering essentially as applied science and that a 
distinct body of knowledge in its own right grows out of engineering practice 
in its course of action. 
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In the fi nal section of this chapter, we discussed the ontology of engineering. 
We distinguished between three ontological worlds, the object world, the con-
ceptual world and the social world. Based on the discussion in this sec tion, we 
would like to conclude by arguing that the key to understanding the nature of 
engineering knowledge is to see it as a synthesis of the engineer’s work within 
these three ontological worlds. 
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Chapter 6 

Methodology of Engineering Science as a Combination of 

Epistemic, Ethical, and Aesthetic Aspects

Arto Mutanen

Abstract: Th e word ‘technology’ refers to the design and use of material and social 
artefacts. Moreover, it may also refer to the products of such activity. Th e notion of 
technology has diff erent roots: skill (technê) and science (epistêmê). In fact, enlighten-
ment explained the separation between science and skills. For example, Kant in his 
three critiques explains the separation. Moreover, it must be emphasized that voca-
tional skills (useful arts) are separated from “rational” science, and at the same time 
connected to the “irrational” art (fi ne art). In engineering science the scientifi c aspects 
have been emphasized. Engineering science has been understood to be scientifi c activ-
ity to formulate and solve technological problems. Real life technological problems are 
connected to people’s everyday life. In solving these problems scientifi c know ledge, 
practical skill, and ethical evaluation meet each other. Th is makes technological 
problems multidimensional. Th is has to be taken systematically into consideration. In 
this chapter we will argue for the methodological approach in which epistemic, ethi-
cal, and aesthetic aspects meet. We will show that this causes some interesting special 
properties for the methodology of engineering science. We imply that engineering 
science is neither a basic nor applied inquiry but a science of its own character. We will 
call such sciences practice-based science.

Introduction

Th e notion of technology  has a very complex meaning. On the one hand, it 
denotes the design and use of material and social artefacts. On the other, the 
notion may denote the products of human interaction with and transformation 
of reality. Of course, this may cause some diffi  culties and misunderstandings. 
However, at the same time, it makes the philosophical study of the topic ex-
tremely interesting and important.
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Th e notion of development is closely connected to the notion of technology . 
Niiniluoto (1993) characterizes development as a name for science-based  tech-
nology . On the other hand, the notion of innovation is closely connected to 
the notion of technology . Technological innovations are special cases of inno-
vation, and technical innovations can be part of social or institutional innova-
tions (Schienstock and Hämäläinen 2001).

Th e roots of technology  come from the practical skills . Th e theoretical basis of 
the practical skills  functions only at the level of everyday experience. Th e sys-
tematization of the theoretical basis makes the “rules of thumb” of the master 
of the practical skill  explicit. Th is systematization makes the skills increasingly 
eff ective. Moreover, the explicit rules can be collected into systematic bodies 
of rules. Th ese, in an ideal case, can be formulated into a theory (Niiniluoto 
1993).

In modern science-based  technology,  the historical roots of technology  do not 
play an important role. Th is implies that technology  is characterized as an 
applied inquiry. Of course, this science-based  technology , or engineering sci-
ence , can be seen as an applied inquiry. But then some important aspects of 
engineering science will be omitted. However, we will argue that engineering 
science has a methodological basis  of its own and is a practice-based  inquiry. 

In the Western education, the education of skills and science are diff erent 
branches of education. In fact, enlightenment explained the separation between 
science and skills. Moreover, the separation is even deeper: Kant in his three 
critiques explains the separation of epistemology , ethics  and aesthetics . Th is 
separation makes these three fi elds autonomous. However, in the Western edu-
cation system we have more or less separate education institutions for these dif-
ferent fi elds – the education of “rational” science, the education of skills (useful 
arts), and the education of “irrational” art (fi ne art). 

Th e conceptual analysis of these diff erent fi elds is of great practical and theor-
etical importance. However, a clear conceptual analysis of the fi eld still waits 
to be done. In the following we will analyze the fi eld from a methodologi-
cal point of view. We will show that this point of view has some interesting 
theoretical and practical implications. Th e basic implication will be that the 
separation made above cannot be done in practice for theoretical reasons. Th is 
has several implications for our understanding of technology , and especially 
the methodology  of engineering science.
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Epistemology 

Knowledge plays a central role in modern society. It is part and parcel of ev-
eryday life – in work and leisure – of the citizen of a modern society. Th e 
knowledge intensity of modern society is inescapable. Th is results in the skills 
of production, transformation, and application of knowledge being of central 
importance.

Scientifi c inquiry is unquestionably the most reliable way to acquire new 
knowledge. It is a systematic – institutionally organized and theoretically sys-
temized – process of acquiring knowledge. Moreover, scientifi c inquiry is also a 
self-correcting – explicit argumentation and critical public discussion – process 
of acquiring knowledge.

Th e fundamental problem of epistemology  has been the defi nition of propo-
sitional knowledge . Th at is, to characterize the necessary and suffi  cient condi-
tions of knowledge. Th e very intention has been to defi ne the sentences of the 
form ‘A knows that p’ where A is an agent (a human being, a group of human 
beings, an animal or a machine, etc.) and p is a sentence (or a statement or a 
proposition). So, propositional knowledge  can be expressed via sentences.

Th e classical defi nition of knowledge defi nes knowledge as a justifi ed true 
belief. Th e defi nition originates in Plato’s dialogue Th eaitetos. It implies that 
there are three conditions that characterize propositional knowledge . Th ese 
conditions are the truth condition, the belief condition, and the justifi cation 
condition.

Th e fi rst two are quite uncontroversial: I cannot know that it is raining if it 
does not rain. Th e knowledge must be true. We have in this paper a realistic 
attitude, and hence we assume the correspondence theory of truth (Niiniluoto 
1999). Moreover, I cannot know something to which I have no connection – 
this is the main content of the belief condition. Th e justifi cation condition has 
been under extensive study. It has been interpreted in several diff erent ways. 
It can be interpreted “statically” or “dynamically”. Th e former denotes a formal 
or a logical relationship between evidence sentences and conclusion sentence. 
Th e latter denotes a process of collecting evidence to support the conclusion 
sentence (or belief). Th e diff erence is whether the emphasis is looked at as a 
ready-made argument or as a process of argumentation (Goldman 1986).
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One central problem of the justifi cation is the problem of completeness of the 
evidence collected. Th at is, whether the evidence collected (or an amount of 
evidence) guarantees the truth of the belief. More generally, whether there 
is a moment after which additional evidence collected does not persuade the 
knower to change his or her mind. If there is such a moment, then the knower 
can eff ectively recognize that the evidence collected is complete or he or she 
does not eff ectively recognize it. Th is allows us to see the very rationale of the 
distinction between the absolutist and the empirist notions of knowledge. As 
James formulated it: “[t]o know is one thing and to know for certain that we 
know is another” (Kelly 1996 and Hendricks 2001). 

Besides propositional knowledge,  there is also knowledge connected to skills, 
namely knowledge of how something is done. Th e former is a linguistic notion, 
and the latter non-linguistic. More generally, the latter is called tacit knowledge . 
If someone actually plays football he or she knows how football is played. Obvi-
ously, playing football demonstrates the knowledge of football. However, this 
may not be understood as propositional knowledge  about football. Of course, 
the football player may also have more or less propositional knowledge  about 
football, but it is of central importance to understand the separation of the 
knowledge how football is played from the propositional knowledge  about it. 

Th e interconnection between the two kinds of knowledge is very complex. A 
technical norm  according to von Wright can be seen as an attempt to build a 
bridge between the two (von Wright 1963). However, technical norm s are state-
ments about the relations between means and ends. Hence, technical norm s 
collapse into the propositional knowledge . Technical norm s are statements of a 
special kind. Th ey are not descriptive statements that picture the world as it is. 
Th ey are statements that prescribe how the world should be. 

Th e main diff erence between technical norm s and descriptive statements can 
be characterized as follows. Descriptive statements picture a world. Th ey are 
true or false depending on whether the picture depicts the world as it is; other-
wise it is false. Technical norm s are prescriptive statements that say how the 
world should be. Hence they are not – in a straightforward sense – true or false 
(von Wright 1963).

However, the (causal) connection between the means and end under a tech-
nical norm  can be characterized as a descriptive statement that can be, in a 
natural sense, true or false. Technical norm s play a central role in understand-
ing the nature of the applied sciences. Technical norm s give a foundation for 
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applied sciences. Moreover, in a sense, technical norm s give the theoretical 
foundation also to engineering science s. However, as we will see, this theoreti-
cal foundation of engineering sciences also presupposes a practical foundation 
(Niiniluoto 1993).

Th e notion of non-propositional knowledge  is of central importance in practi-
cal life. However, it is not enough to characterize the notion just in negative 
terms. In epistemology  and in scientifi c inquiry the emphasis has been on the 
notion of propositional knowledge  and acquisition of propositional knowledge . 
Methodology  is the study of rational knowledge acquisition. In the following 
we will take a look at the methodology .

Methodology 

Scientifi c inquiry is a goal searching process. Th e main goal in a basic inquiry 
is truth. Th e intention of an inquiry is to acquire truthful knowledge about 
the object of the inquiry. However, scientifi c inquiry is a rational and system-
atic search for the goal. Rationality denotes the methodic aspect of inquiry. 
Met hods should be proved to do the job intended. Th e very intention is that 
method shows a way from ignorance to knowledge. To be systematic, an in-
quiry should be organized institutionally and theoretically. A fi nal ideal goal 
is a theory in a logical sense: a (complete) set of statements that is closed under 
deduction (Hintikka 1984a).

In a basic inquiry, the main goal is truth. Th at is, the methodology  of a basic 
inquiry is a study of rational knowledge acquisition. In this case, the know-
ledge refers (only) to propositional knowledge . However, the proper business 
of general methodology  is a study of the entire scientifi c inquiry process: how 
science arrives at the posited goal – whatever this goal happens to be. Th e very 
idea in methodology  is to study the problem of reliability of methods in diff er-
ent kinds of inquiry (Hendricks 2001).

Th ere are also diff erent kinds of goals: epistemic goals like truth, aesthetic goals 
like simplicity and effi  ciency, and pragmatic goals like economy and explanatory 
power. It is possible to characterize the type of inquiry by characterizing the 
nature of the (primary) goal of the inquiry. Methods are, or should be, sensi-
tive to the goal (and some other methodologically relevant factors of inquiry) 
(Mutanen 2004).
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To characterize scientifi c inquiry we have to specify the inquirer (the know-
ledge he or she has, power of inference, methods), the goal of the inquiry (type 
of goal, complexity) and the information that can be acquired during an in-
quiry process (sources, nature, complexity). To get a methodologically interest-
ing study these factors have to be explained precisely.

Th is allows us to characterize the methodological problems of diff erent le vels 
(Kelly 1996). For simplicity’s sake, let us characterize methodological para-
meters as the set of methods that can be used with an inquiry, the set of pos-
sible information (evidence) that can be acquired during an inquiry, and the 
set of problems that can be taken as a goal of an inquiry. If we fi x all these para-
meters, we have the lowest level of methodological problems according to Kelly 
(1996). Th is level of problems occurs in discussing the validity and reliability 
of some specifi c empirical inquiry. At this level, methodological discussion is 
primarily descriptive. Th is conveys, of course, extremely important methodo-
logical information. To also achieve the prescriptive nature of methodological 
discussion, we have to allow some of the parameters to vary. 

To get Kelly’s second level of methodological problems, we must consider dif-
ferent sets of information. At this level, it is possible to formulate general argu-
ments about the reliability of the inquiry (at the lowest level). Kelly’s third level 
allows us to vary the problems of the inquiry. At this level the main question 
is the problem of the scope of the given method. For example, the discussion 
about qualitative or quantitative inquiry often occurs at this level. Kelly’s fourth 
level of methodological problems characterizes a theory of problem solving. At 
this level the problem is to fi nd a method that solves a given problem within a 
given (informational) situation. Th e context is specifi ed (fi xed), but the set of 
methods is not fi xed, that is, methods behave as variables. To get Kelly’s fi fth 
level of methodological problems we have to combine the third and fourth le-
vels, that is, methods and problems behave as variables. Th is results in a general 
theory of problem solving. At this level, the main problem is to identify or to 
localize the contexts. For example, discussion about expansive learning often 
operates at this level (Engeström 1999).

Th e levels of methodological problems can be used in characterizing methodo-
logical tools needed in diff erent kinds of inquiry and learning situations. It is 
important to generalize the methodological discussion from the knowledge 
acquisition problems to more general knowledge and skill acquisition problems 
(Mutanen 2005). 
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Questioning

Questions can be, in a natural way, understood as requests for further infor-
mation. A questioner lacks some information and he or she assumes that the 
answerer has the information needed. Th en it is natural to ask the question. 
Th e questioner gets the information needed in the form of an answer. As a 
result of the question-answer process the questioner has learned the intended 
thing (Hintikka 1984b).

To get a better grasp, we have to specify some aspects of question-answer pro-
cesses. Th e rationality condition of questioning is that the question has a cor-
rect answer. Let Q be a question. If the question has a true answer then the 
question is rational to ask. However, it may happen that the questioner does 
not know whether the question has a true answer. In this sense the rational-
ity condition is of a logical character. To see this, let us assume a wh-question 
‘Who is x such that S(x)?’. Here wh denotes the question words who, where, 
when. However, why-questions have a more complex logical character (open 
questions) and are not included in wh-questions. We say that the presupposi-
tion of the question is that S(a) is true for some a, that is, if the existential 
sentence (Ex)S(x) is true. Th e truth of the presupposition guarantees that there 
is a true answer to the question. 

However, even if the questioner gets a true answer to his or her question, it does 
not necessarily mean that the questioner gets the information he or she needed. 
It may happen that the questioner cannot understand the information given by 
a true answer. Th at is, the answer together with the questioner’s preliminary 
information (or background knowledge) has to give the information needed. 
More precisely, the entire question-answer process should give the information 
needed. Th ere are in the question-answer process several pragmatic factors that 
have to be taken into consideration (Hintikka 1976).

In science, questions play diff erent roles. Questions may characterize the main 
goal of the inquiry. For example, Laudan (1977) uses the notion of problem in 
this sense. Problems are expressed via questions. Th ese questions that express 
the main goal of the inquiry are called big questions. However, questions may 
have a more methodical role: they map a route from ignorance to the true 
answer to the main question. In this sense, for example, Kant and Bacon used 
the notion of question. Th is implies that scientifi c inquiry has to be considered 
as a two-level process (Hintikka 1985 and 2005).
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Th e interrogative model  of inquiry is a general model of reasoning and ar-
gumentation developed by Professor Hintikka and his associates in the late 
1980s. Th e model allows for a wide range of variations. Th e basic idea is clear: 
to consider inquiry as a process of asking and answering questions. A logic of 
questions and answers is the foundation of the interrogative model . Th is logic 
transcends the standard deductive logic.

Historically, the fi rst model of reasoning to capture philosophers’ attention 
was the Socratic method of questioning or elenchus. Plato systematized it into 
a practice of questioning games used in the Academy to train his students 
in philosophical and scientifi c reasoning. Aristotle developed in his Topica a 
theory of such interrogative argumentation, emphasizing among other things 
its usefulness for scientifi c purposes. In so doing, his attention was caught by 
answers that are necessitated by earlier ones – they are logical consequences of 
the earlier answers. His study of such answers became the fi rst study of logic in 
history (Cf. here Hintikka et al. 2002).

Th e basic idea is simple enough. Consider someone’s line of reasoning, P1, …, 
Pn,C, where P1, …, Pn,C are statements. Each of the statements is or is not 
logically contained in the earlier ones. In the former case, the step is a logical 
(deductive) consequence of the earlier steps. Th e study of such argumentative 
steps constitutes the province of deductive logic. In the latter case, if the arguer 
is rational, he or she must know where the new information comes from. In 
this case, the information is understood as an answer to an inquirer’s question. 
Otherwise we are not dealing with rational reasoning and inference but mere 
guesswork. 

Th e interrogative model  shows a strategic connection of deductive reasoning 
and general interrogation or empirical reasoning: strategies are parallel in a 
clear-cut sense (See the Strategy Th eorem in Hintikka et al. 2002). Th is fact 
shows the importance of strategic aspects in a study of reasoning. A formal 
study of the interrogative model  opens new paths to the study of the strategies 
of reasoning, and, at the same time, to the study of methodology  (Hintikka 
et al. 2002).

Real-life reasoning is a process in space and time, an active search for new 
knowledge. Th is search contains both deductive steps and interrogative steps. 
In principle, these steps can be separated. In practice these diff erent steps occur 
all the time during a reasoning process. Of course, it is in principle possible to 
separate these diff erent steps. However, the separation is practically impossible 
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for logical reasons. In decision theories the separation is taken as a presupposi-
tion. Maybe this causes some of the diffi  culties in the application of the theo-
ries into the practical decision-making processes (Hintikka 1985).

Types of Inquiries

Philosophy and methodology  of technology have not been in the centre of the 
mainstream philosophy of science. However, the topic has been under exten-
sive study in recent decades (Mitcham 1994). In the following, we will take a 
look at the methodology  of engineering science. Th e intention is to get a bet-
ter grasp of the methodology  of engineering science  and its connection to the 
methodology of basic and applied sciences.

We will take the separation of diff erent types of science. Let us take the follow-
ing distinction that was codifi ed by OECD in 1966 (Niiniluoto 1993). Basic 
inquiry  is characterized as “the systematic pursuit of new scientifi c knowledge 
without the aim of specifi c application”. Usually, the inquiry that one has in 
mind while characterizing scientifi c inquiry is the basic inquiry. Applied in-
quiry  is characterized as “the pursuit of knowledge with the aim of obtaining a 
specifi c goal”. Th ere are several things that need to be noted in the defi nitions. 
First, both basic inquiry and applied inquiry are knowledge acquisition pro-
cesses. Th e goal of the inquiry is new knowledge. In fact, scientifi c inquiry is 
knowledge seeking – what else could it be? Th e second is that in the character-
ization the link to an aim of inquiry is not easy to grasp. Whose aim should be 
taken into consideration? Should the agent be an inquirer, a group of inquirers, 
a funding institution or something else? Th is is good enough to show that the 
characterization does not do the job intended (Niiniluoto 1993).

Besides the scientifi c inquiry – knowledge seeking – there is a diff erent kind 
of pursuit. Development is characterized as a use of the results of scientifi c in-
quiry to develop new products, methods, and means of production (Niiniluoto 
1993). It is interesting to note that by defi nition development presupposes a 
use of the results of scientifi c inquiry. However, this is a little restrictive if we 
remember the roots of technology . 

In basic science, the intention is to acquire knowledge for the sake of know-
ledge. Knowing is a goal in itself. In applied science the goal is knowledge but 
not for itself. Knowledge is intended because of some other – for the know-
ledge-seeking process – reason. Knowledge is intended to be applied. 
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In a basic inquiry, the intention is to get truthful knowledge about the real-
ity. Th e fi nal goal is to acquire a true theory about the reality (or the relevant 
part of the reality). To get a true theory about the reality presupposes that the 
ontological assumptions are not just metaphysical assumptions. Th ey are also 
methodological constraint s in the basic inquiry. In the methodology  of ba-
sic inquiry ontological assumptions must be explicitly considered (Hendricks 
2001).

Th e methodology  should guarantee that the goal – new knowledge – could 
be achieved. Hence, the epistemic assumptions become methodologically re-
levant. Th is implies, for example, that honesty is not an (external) ethical norm 
to the inquirer. It is a methodological recommendation : inquiry cannot acquire 
the goal – truth – if the inquirer is not honest. Th at is, in the basic inquiry the 
ontological and epistemological problems play a central methodological role 
(Hintikka 1984c).

In applied inquiry, the goal is not truth in itself. However, the goal is still 
knowledge. Th is implies that the same methodological recommendation s are 
relevant as in the case of basic inquiry. However, an applied inquiry has also to 
give eff ective and economical results. Th ese are built in the goal of the inquiry. 
As we mentioned earlier, methodology  has to be sensitive to the goal of the 
inquiry. Th is implies that these additional constraints have to be built into the 
methodology  of applied science (Niiniluoto 1993).

Th e methods of development diff er from the methods of basic inquiry and 
applied inquiry. In the case of development, the goal of the process has to be 
specifi ed – justifi ed – not within a theory, as is the case in basic and applied 
inquiry, but within a community where the development will take place. Th is 
makes the process a dialogue. Th is has interesting implications for the methods 
of development (inquiry). However, development can be seen as a special case 
of innovation. So, the general discussions of methods of innovation are rele-
vant here. An interrogative model  off ers a methodological framework within 
which the problematic can be considered. Th is is theoretically interesting since 
it allows us to see the connection and the diff erences between innovation and 
scientifi c inquiry (Harmaakorpi and Mutanen forthcoming, Schienstock and 
Hämäläinen 2001).
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Engineering Science 

Th e goal of engineering science is to construct actual structures and objects of 
practical importance. So, some contextual and practical factors play a central 
methodological role. Th is means, at the same time, that the role of ontological 
assumption will not have as great a methodological role in the case of basic and 
applied inquiry. Of course, epistemic factors will be of central importance. 
However, now there is a need for both propositional (scientifi c) knowledge and 
tacit knowledge  (skills). Th ese should be synchronized. Th is will be a challenge 
to the methodology  of engineering science  (Hendricks et al. 2000).

Th e scientifi c knowledge needed can be coded into the form of technical norm s. 
However, the technical norms have to be systematized into a systematic whole 
– theory. Th is knowledge is the usual scientifi c knowledge – it is the result of 
basic inquiry and applied inquiry. 

If engineering science  achieves the goal of the inquiry, that is, it succeeds in 
constructing actual structures and objects of practical importance, then the 
lives – habits – of people will be changed. For example, in architecture, the 
image of the environment can and will be changed. However, the identity of 
citizens depends on the image of the town in which they live. So, to change 
the image of the town, one at the same time changes the identity of the citi-
zens. Similarly the mobile phone changes the communication systems between 
people. Th is also has several important practical implications. 

Th at is, in engineering science,  the results of the inquiry are constructions of 
practical importance. Th ese, by defi nition, have essential and direct implica-
tions for the lives of people. Th at makes the engineering science  strongly ethi-
cal. Ethics  cannot be seen as an external constraint that has to be taken into 
consideration after the inquiry – after the construction. It is an internal part 
of the engineering science  – it is, or should be, part and parcel of the methodo-
logy  of engineering science .

Th e same argument also holds true in the case of aesthetics . In fact, aesthetics  
plays a very central role in architecture. However, the argument above shows 
that aesthetics  is not an autonomous fi eld in architecture. It is connected to 
the fi elds of ethics  and epistemology . Th ey cannot be separated. More gener-
ally, this also holds true for the whole fi eld of design. So, aesthetics  has deep 
methodological relevance for engineering science . 
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Methodology  of Engineering Science 

Our quite formal methodological approach has several concrete implications. 
To see these, we have to connect the formal methodology  – a general theory 
of problem solving – and the interrogative model . In fact the formal metho-
dology  can be interpreted within the framework of the interrogative model . 
Th is makes the formal methodology  more applicable (See Harmaakorpi and 
Mutanen forthcoming).

Th e interrogative model  is a very fl exible model of reasoning. Th ere are several 
diff erent kinds of application of the model as Hintikka’s papers and books 
demonstrate. However, to get the goal we intend to reach, we have to develop 
the basic interrogative model .
 
In basic inquiry and also in applied inquiry, a theory plays a very central role. 
A theory has a central role in determining a goal of the inquiry. Moreover, the 
methods used within the inquiry are determined by the theory. However, in 
engineering science  the picture is diff erent. Th e determination of the goal is 
not directed by the theory. Th is implies that engineering science  uses theories 
eclectically. In fact, this means that methods and methodology  in general play 
a very central role in engineering science. Methodology  – not a theory – di-
rects the inquiry. We have to formulate a fl exible methodological framework 
– as our general theory of problem solving above is – and show how to apply it 
within a given context. Th is is done by the interrogative model  (Hendricks et 
al. 2000, Harmaakorpi and Mutanen forthcoming).

Th ere are several kinds of questions that occur within an inquiry process in en-
gineering science . Some of the questions are propositional and wh-questions as 
in basic inquiry and applied inquiry. Th ese questions can be answered by sen-
tences. Some of the questions are of a demonstrative nature, that is, questions 
that presuppose a demonstration (or construction) as an answer. Th e problem 
for an engineering inquirer is to make the whole process a methodological 
wholeness (sound, goal tracking, etc.) (Harmaakorpi and Mutanen forthcom-
ing).

Th ese diff erent questions make the interplay between propositional and non-
propositional knowledge  real. Th ey are put into the same methodical sequence 
of questions and answers. Th e whole process including all these diff erent ques-
tions and answers is the inquiry. Th e result of the inquiry, as well as the process 
of inquiry, contains several diff erent aspects.
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However, to also take the ethical and aesthetical aspects into the methodology  
of engineering science,  we have to take one step further. Th e goal of engineer-
ing science  is not the general good of the society, as is the case in professions 
(Mutanen 2003). Th is implies that the goal is not given in any reasonable 
sense. So, the goal has to be formulated in a dialogue (Harmaakorpi and Mu-
tanen forthcoming). Th is dialogue gives the practical foundation (justifi ca-
tion) to the inquiry.

Now the problem characterizes the dialogue precisely. Who decides the ques-
tions that are included in the dialogue? Which problems are considered re-
levant? What is accepted as an answer? Who takes part in the dialogue? Th e 
answer to such questions has methodological relevance. Th e essential thing 
here is that these diff erent factors have to be synchronized. Th e whole process 
is multidimensional (it contains diff erent kinds of question and answer) and 
multivoiced (diff erent people have to participate in the dialogue, and the dia-
logue must be democratic). Th e intention is not to get a consensus, neither at 
the beginning nor in the end. However, the goal is to acquire something to 
share, something that people can live with (well-being), that is to give a practi-
cal, contextual justifi cation in the end.

One central problem in such dialogue methodology  is to specify the members 
of the dialogue. Th e problem is a central methodological problem. However, 
the problematic here has been discussed in the methodology  of science. In 
Hintiikka et al. (2002), there is a discussion about the evaluation of sources 
of information. Members of the dialogue behave also as sources of informa-
tion. So, this discussion is of methodological relevance to our problem here. 
In general, we can only say that the decision of the members of the dialogue 
determines very strongly the fi nal result of the inquiry. However, the problem 
of relevance of the answers is connected to the problem of omitting data. Th is 
problem is also discussed in the philosophy of science (See Hintikka (2005) 
and referents therein). However, there cannot be general rejection or permis-
sion to omit data. It is possible to argue pro and contra by using methodological 
arguments. One is allowed to omit data if it is methodically necessary – it helps 
the inquiry to acquire the goal. Similarly in engineering inquiry, omitting and 
accepting answers must be justifi ed methodologically.

Let us sum up the above argumentation. Th e formal methodology  (a general 
theory of problem-solving) formulates the general theoretical framework of the 
inquiry. Th is gives a general structure to the problem. Th e interrogative model  
gives a general method to convey the research process in a given context. Th e 
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interrogative model  allows us to understand and evaluate the role of diff erent 
factors (for example, theories, sources of information, propositional and non-
propositional knowledge ) of the inquiry. Th e actual question-answer process 
localizes the whole inquiry process. It shows how to proceed within a given 
practical context.

Practice-based  Inquiry

Th e picture we have of engineering science  has some aspects worthy of gener-
alization. One central aspect of our analysis above is the goal determination. 
Th e goal is determined in a dialogue. Dialogue takes place in the practical 
context of inquiry. Th e relevant groups of people have to be taken into the 
dialogue. Th e determination of the practical context is a central problem for an 
engineering inquirer. Th e other general problem is to determine the theoretical 
framework within which the inquiry process runs. In engineering science , the 
theoretical framework is determined by the class of relevant technical norm s. 
However, this leaves some amount of fl exibility to the inquiry process.

Th e methodological framework is determined by the interrogative model : dia-
logue interrogative model. Th is connects the approach to the basic inquiry 
and the applied inquiry. Moreover, it is possible to see the diff erences between 
diff erent approaches. At the same time, it helps us understand why engineering 
science  is sometimes seen as an applied inquiry.

We will call the inquiry that determines the goal in connection to the practice 
– in a dialogue process – practice-based  inquiry. Examples of such an inquiry 
are innovation inquiry, development inquiry, and engineering science  (Harmaa-
korpi and Mutanen forthcoming, Engeström (1999), Gibbons et al. 1994).

As we have seen, engineering science  has an identity of its own. Th e conclusion 
is that engineering science  is an inquiry of its own paradigm or it is a poly-
paradigmatic inquiry. One or the other, engineering science  is a central part of 
modern society and its development. It is important that future engineers have 
general methodological skills, skills to inquire within a dialogue.
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Concluding Remarks

Engineering science  is an inquiry with its own identity. It is closely connected 
to basic inquiry and applied inquiry. However, it cannot be identifi ed to these 
inquiries. Engineering science  is not a theory-based inquiry in which theory 
determines the object of inquiry and methods of inquiry. Engineering science 
can be seen as a practice-based  inquiry. Practice-based inquiries are directed 
by general methodological skills. Th e object of inquiry is characterized in a 
dialogue. Th is emphasis explains the eclectic attitude of engineering science  
to theories.
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Chapter 7

Engineering Science as Opposed to Natural Science 

and Applied Science

Eugene Coyle, Mike Murphy, William Grimson

Abstract: In exploring the epistemology of engineering science, we propose a model of 
engineering. Th is model incorporates the goals of engineering, the approach to engi-
neering (also called the engineering method) and the role of experience in engi neering. 
Th e basis for understanding the nature of engineering science will be ex plored, and 
will be contrasted with natural science. To begin, a large-scale engi neering project that 
was successfully completed in Ireland many years ago is dis cussed – specifi cally, the 
development of a megalithic passage tomb as an exemplar of the engineering method 
in structural design, project management and aesthetics. Th is exemplar fi rmly demon-
strates that engineering method existed before the de velopment and understanding of 
the relevant natural science. We next contrast the nature of engineering or engineer-
ing science and natural science. Th is discussion will further develop the engineering 
model, but will contrast the philosophical diff  erences between engineering and sci-
ence. We then return to build upon the ‘engi neering model’ through the modern day 
exemplar of the development of the jet engine, demonstrating that invariably multiple 
factors, including creative design initiatives from diff erent sources, global, political, 
economic and cultural circum stance, and the passage of time contribute to the evolu-
tion and success (or failure) of large sustainable scientifi c and engineering projects. In 
conclusion, the engineering model is mapped to a philosophical model demonstrating 
that philosophy is as rele vant to engineering as it is to other fi elds.

Introduction

Engineering has been carried out by mankind over many thousands of years; 
in earlier times, by peoples adapting to their environment and generally pro-
viding shelter and means by which food could be grown and stored. In more 
modern times, the concerns are the same basic ones but others have been added. 
It is appropriate therefore that this chapter starts with an example of engineer-
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ing from the Neolithic period. Many wonderful examples of engi neering from 
pre-history times, through Minoan, early Greek, the Egyptian and Roman 
periods, up to the Middle Ages, could be recounted. What re mains a distin-
guishing feature of all the activities is that a defi ni tive purpose and knowledge 
of ‘how to’ was gained and retained by genera tions of early engineers, but alas, 
as often as not, the knowledge gained was subsequently lost. It was not until 
much later with increased travel and mo bility of craftsmen, such as stone-
masons, together with written records that knowledge started to be retained. 
Another feature of the progression of engi neering through the centuries was 
that scientifi c and mathematical knowled ge became more important, if not 
however indispensable to engineers. Hence, in time, the engineering profession 
was founded with formal university level education programmes delivering a 
minimum level of knowledge and skill to graduates. Not surprisingly, in all of 
this, the diff erence between applied sci entists, engineering scientists and engi-
neers has been clouded and this topic is addressed in the central sections of the 
chapter, where a model of engi neering is presented. A 20th-century engineering 
example follows, before some concluding remarks are made.

Exemplar – A Successful Large-Scale Engineering Pro ject

One thousand years prior to the construction of the Pyramids in Egypt, man-
kind had demonstrated an ability to solve mathematical problems, design and 
construct robust engineering buildings and monuments, and create items of 
both practical use and artistic beauty. In the latter half of the 20th and early 
years of the 21st century, there has been increased academic and public interest 
in post-Ice Age Mesolithic (8000-4000 BC) and Neolithic (4000-2500 BC) 
archaeology and civilisation, in an endeavour to gain a greater understand-
ing of ancestry together with an appreciation of mankind’s innate survival 
instincts and creative abilities. 

Signifi cant archaeological discoveries of remains across Europe, from Stone-
henge and Avebury in England, to Maes Howe in the Scottish Orkney Islands, 
to Gavr’inisin in the Morbihan of Southern Brittany, and to the rich archaeo-
logical heritage of the Boyne Valley in Ireland, have revealed that early man-
kind had a scientifi c and observational understanding coupled with advanced 
engineering design capability, which enabled the creation of astro nomical 
structures such as those used to mark sun and lunar seasonal annual cyclical 
alignments (Burl 2005). 
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Th e United Nations Educational, Scientifi c and Cultural Organisation 
(UNESCO)  has designated Bru Na Boinne, an area in Ireland rich in ar-
chaeological remains, incorporating passage tombs at Newgrange, Knowth 
and Dowth, situated within a bend of the river Boyne, as a world heritage site. 
Constructed by a thriving farming community using simple tools of wood and 
stone during the Neolithic Age, these buildings are about 5,000 years old. Th e 
people who constructed them nevertheless had, within their society, expertise 
in architecture, engineering, geology, art and astronomy. So, what is New-
grange, and why do we make this claim?

Newgrange is a large mound or cairn, constructed of stone and covered in 
grass. Th e internal 19 metre southeast-facing passage leads into a chamber 
with three semi-circular recesses. A cleverly designed corbelled roof covers the 
chamber. To construct the roof, the builders overlapped layers of large fl at 
stones until the roof could be sealed with a capstone. Th e mound, con structed 
over 5,000 years ago, with carbon dating estimates of year of con struction at 
3,200 BC, is remarkable in many respects, not least that the pas sage tomb 
remains completely intact, and, as a result of clever design in drainage and 
construction techniques, rain water has never leaked into the mound and it 
remains dry to this day. Th e fl at-topped cairn covering the chamber is almost 
0.5 hectares in extent. Materials used in construction of the mound were trans-
ported considerable distances from both the Wicklow mountains to the south 
and the Mourne mountains to the north. 

Winter Solstice  at Newgrange

One of the more signifi cant features noted during archaeological excavations 
of the Newgrange Megalith in the nineteen sixties was a small window-box 
shaped opening located above the tomb  entrance (O’Kelly 2003). In time it be-
came apparent that this opening is exactly positioned so that at dawn on win-
ter solstice, December 21st, a shaft of light penetrates the opening and creeps 
along the passageway. For some minutes, as the sun rises in the early morning 
sky, the beam of sunlight entering broadens and moves down the passageway, 
welcoming daylight from darkness into the central chambers for a few short 
minutes, before retreating again leaving the chamber in dark ness for another 
year. Th e alignment is extremely accurate, showing that the architects and en-
gineers who constructed the monument had full knowledge and capability in 
achieving their intended objective. 
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To the Neolithic  farmers, the winter solstice marked the start of a new year, 
a sign of rebirth promising renewed life to crops. It is also suggested that it 
served as a powerful symbol of the inevitable victory of life over death, per haps 
promising new life to the spirits of the dead. A further signifi cant fea ture of 
the megalith is that of the highly decorative art work to be seen on many of the 
monument stones, with the greatest decoration to be seen on the large stone 
located immediately before the entrance to the chamber. Circles are the most 
common motifs. Spirals and tri-spirals of diff ering types are also to be seen, 
together with geometrical, curvilinear and rectilinear shapes. Interpretation of 
meaning in the art work is open to question, however it is believed by many 
that the drawings are not for decorative purposes alone, being of symbolic and 
perhaps hieroglyphic importance. 

Th e Neolithic people who created this and other such monuments had clearly 
not received an education as we would know it, nevertheless they demon strated 
ingenuity , creativity, and acquired knowledge in the use of tools and in the 
transportation of large and heavy stones over long distances, by sea, river and 
land. Th ey had a philosophical outlook on life, with an innate un derstanding 
of astronomical phenomena, and in particular they paid homage to the sun 
and celebrated important calendar events such as the winter sol stice, with the 
knowledge that from this point the days would now get longer and the seasons 
of spring and summer would again return to replenish, feed and nourish the 
inhabitants of their land. In short, by observation of the rela tive movements of 
the earth and the sun, followed by carrying out some form of calculation and 
accurately measuring distances, these Neolithic peo ple were able to construct 
this impressive monument. 

Th e creators of the megaliths were most defi nitely intuitive  engineers. Th e sheer 
implementation of a project  as large as Newgrange demanded great compe-
tence in planning , design  and management . Materials had to be sourced, per-
haps quarried and transported over large distances and challen ging terrains. 
Flint and other tools suitable to the task in hand would need to have been 
adapted, and creative and reliable rolling and fl oating platforms would have 
been conceived and constructed to transport the large stone monoliths. It has 
been calculated that, in addition to the 97 slabs forming the kerb (none weigh-
ing less than a tonne) and a further 450 large structural stones used to form the 
passage, chamber and roof, the monument consists of some 200,000 tonnes 
of stone. Th e correct alignment of the roof-box to achieve the penetration of 
the rising sun at winter solstice and the illumi nation of the rear of the cham-
ber, entailed considerable observational, re cording and architectural skills, and 
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was a spectacular feat. How did such a monument come into existence? It has 
been conservatively estimated that the entire monument could have been con-
structed by a well organised workforce of some 400 people, abandoning their 
agricultural activities for some months after their spring sowing over a period 
of up to twenty years (Flanagan 2003).

One could argue that the creators of such monuments were empiricists , their 
knowledge being derived from experience and refl ection over several deca des, 
if not hundreds of years, and passed from generation to generation. Were they 
pragmatists, demonstrating that a proposition is measured by corres pondence 
with experimental results and its practical outcome? Th ey most defi nitely had 
a philosophical outlook upon life, the hereafter, the forces of nature and the 
mysteries of existence. Indeed, one could readily compare and draw paral-
lels between the Neolithic passage tombs and the historically more recent cre-
ations of the world’s most famous temples, mosques, syna gogues, cathedrals, 
and other places of worship, from the Pantheon in Rome to the Blue Mosque 
(Mosque of Sultan Ahmet I) in Istanbul, the Cathedral of Notre Dame in Paris 
to Gaudi’s Sagrada Familia in Barcelona. 

In addition to seasonal movements of the sun, early Neolithic people grap pled 
with gaining an understanding of the intricate cycles of the moon’s move-
ments, a fi eld of study which later occupied the mind of the great Sir Isaac 
Newton (1642-1727), albeit with more profound scientifi c importance to the 
accumulation of humanity’s knowledge base, proff ering an explana tion of and 
describing planetary motion and the complexities of the universe. What we 
note here is that their engineering achievements far outweigh their scientifi c 
achievements, and indeed that such engineering achievements pre ceded the 
scientifi c understanding of the nature and movements of the earth, moon and 
stars.

As an endnote, and striking a particular resonance with what has just been 
described, it is worth noting, that by the year 1500 AD, builders would still 
construct remarkable structures without what today we would think of as a 
scientifi c underpinning to their methods. Consider for example the very beau-
tiful vaulted roof of King’s College chapel in Cambridge, England. Th e span of 
the roof is approximately 15 meters and the thickness is a remarkable 10 centi-
metres only: an amazing eggshell-like tour de force. Even today structural en-
gineers are trying to fathom the secrets of the stonemasons who could carry off  
such a feat. John Ochsendorf , a structural engineer at Massa chusetts Institute 
of Technology, using computer methods and graphics can now provide the en-
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gineering science justifi cation – but some 500 years after the event (Ouellette 
2006). Another outstanding example would be the creation by Brunelleschi of 
the dome of the Cathedral of Florence (see Chapter 1).

A Model of Engineering

Philosophy aims to make sense of the world we live in, whilst engineering aims 
to work with what knowledge is available to achieve society’s goals, a point 
stressed in Chapter 4. Good engineering practice is built on the experi ence of 
applying existing knowledge together with suitable design paradigms or heu-
ristics to produce ‘outcomes’ which in time contribute to ‘experience’ leading 
to knowledge refi nement. Th is could be called evidence-based engi neering. 

Th e historical approach taken by engineers to arrive at an engineering solu tion 
to a problem, however large or small, has been to develop a model of the re-
quired system. Th e solution, of course, cannot be divorced from the ‘purpose’ 
and general objectives of the enterprise. To be equipped with the required skill 
set to solve the problem, or design and implement the system, a knowledge 
base is required. Th is knowledge base will most likely by ne cessity be mul-
tidisciplinary  and, depending on the nature of the problem to be addressed, 
may need to be regularly enhanced and improved upon. Ha ving the required 
body of knowledge, the engineer is equipped to implement or develop the de-
sign tools necessary to achieve the required outcomes for the project in hand. 
Th rough time, experience is gained enabling knowledge to be refi ned which 
will further enhance system design capabilities (Figure 7.1.).

Figure 7.1.  A Model of Engineering

Outcomes
Knowledge Design Tools

ExperienceKnowledge
 Refinement 
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As is pointed out later, whilst knowledge can be viewed as being central to the 
design process, the context in which that knowledge is selected and used is also 
of necessity a function of many other philosophical aspects including ethical 
and aesthetical considerations.

Association of Science and Engineering Science

Th e word ‘engineer’ is derived from the Latin ingeniatorem meaning one who 
is ingenious at devising, whilst the word ‘science’ is derived from the Latin 
word scire, meaning to know. Th e term ‘science’ is of multivaried connotation 
and has universal acceptance in today’s world. On the one hand, science refers 
to the system of acquiring knowledge, based on empiricism, experimentation, 
and methodological application. Science further refers to the organized body 
of knowledge humans have gained by applied research. Engineering on the 
other hand is generally concerned with the creation and use of technology   to 
the solution of practical problems. An illustrative quo tation attributed to Th eo-
dore Von Karman  (1881-1963), the esteemed aero space engineer, highlighting 
the fundamental diff erence between the scientist and the engineer, proff ers 
that “scientists discover the world that exists, whilst engineers create the world 
that never was.” At its core, the scientist asks and answers the question ‘why’ 
whereas the engineer will ask and an swer the question ‘how.’ Engineers are 
interested in science to the extent that it can illuminate the methods by which 
problems can be analysed or mod elled in order to off er an approach to a solu-
tion. Engineering science  then is that part of science which provides the engi-
neer with the physical and mathematical basis to solve engineering problems. 

Th e pursuit and publication of scientifi c knowledge has purposely developed 
in such a way that there is little ambiguity in the meaning and verifi cation 
of scientifi c statements. Th ere is an accepted objective approach to both the 
language of science and its notation. Further, scientifi c method  ensures that 
scientists know the right method or procedure to verify the statement, usu ally 
by collecting and analysing evidence that either supports or refutes the state-
ment (J. Wilson 1968). Hence the development of the “scientifi c method” to 
elicit scientifi c knowledge, or truth. According to Einstein,  “the development of 
Western Science is based on two great achievements, the invention of the formal 
logical system (in Euclidean geometry) by the Greek philosophers, and the discovery 
of the possibility to fi nd out causal relation ship by systematic experiment (Renais-
sance)” (Price 1975).
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Historical Evolution of Engineering 

Th e evolution and development of engineering has been closely aligned to 
fundamental developments in mathematics, in the fi rst instance by eminent 
scholars such as Jean Baptiste Joseph Fourier (1768-1830), Leonhard Euler 
(1707-1783) and David Hilbert (1862-1943). Ingenious techniques were de-
veloped which could be applied to the solution of practical problems, and, in 
so doing, would further explain the underlying nature of natural phenome na. 
Th ese mathematicians developed powerful new analytical tools which were 
applied to elicit scientifi c truth. 

In the more specifi c evolution of electrical and mechanical engineering, de-
velopments by James Clerk Maxwell (1831-79) and Sir Joseph John (J.J.) Th om-
son (1856-1940) in the science of electromagnetism and electrody namics were 
to be of signifi cant importance. Th ese theoretical scientists developed applied 
mathematical concepts and provided the necessary tools to later mathemati-
cians, physicists and engineers who would advance con ceptual knowledge and 
understanding in electrical and electronic engineer ing one hundred fold. Th ere 
also developed a need for an important category of electrical engineering sci-
entists who ‘translated’ theory into understan dable language that the inventors 
and empiricists could then exploit (E. Weber 1994). 

Th ese engineering scientists, or rather what we call today theoretical engi neers, 
were the people who could bridge the gulf between the theoretical scientist and 
the literate, practical engineer. For these theoretical engineers, mathematically 
demonstrated truth takes precedence over practical conside rations or experi-
ence. Th ey perform a scholarship of integration (Boyer 1990). Examples in-
clude Oliver Heaviside (1850-1925), Charles Steinmetz (1865-1923), and Den-
nis Gabor (1900-71).

Last but not least, ‘practical’ engineers have applied their creative skills, seek-
ing to fi nd practical solutions and applications, with inventiveness their driving 
goal. Pioneers such as Th omas Edison (1847-1931), Nikola Tesla (1856-1943), 
Lee de Forest (1873-1961) and Jack Kilby (1926-2005) applied both theoretical 
and exhaustive trial-and-error approaches to the solution of problems, paving 
the way to the advanced technological age we are part of today.

It would be fair to say that science and engineering have developed as inter-
dependent activities and today there is a strong symbiosis between the disci-
plines. Beven argues that “science is dependent upon technology to develop, test, 
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experiment, verify, and apply many of its natural laws, theories and principles, 
whilst technology is dependent upon science for an understand ing of how the natu-
ral world is structured and how it functions” (Beven 1996). Snow, in his classic 
treatise on the diff erent cultures associated with science and literary intellectu-
als, suggests that engineering is a ‘branch of science’ in that “the scientifi c pro-
cess has two motives; one to understand the natural world, the other to control it”, 
and he refutes the attempt to draw a line between pure science and technology, 
arguing that an engineer designing an aircraft “goes through the same experience 
– aesthetic, intellectual, moral – as though he were setting up an experiment in 
particle physics” (Snow 2004). Beven on the other hand contends that “tech-
nology is much more than applied science and science is quite diff erent to applied 
technology” (Beven 1996). 

Th e eminent physicist J.J. Th omson made a clear declaration of the indepen-
d ent importance of scientifi c research when he declared “by research in pure 
science I mean research made without any idea of application to industrial matters 
but solely with the view of extending our knowledge of the Laws of Nature” (R. 
Weber 1973).

Th e term ‘applied science’ is at times introduced to explain how engineering 
and science are linked. Th e approach usually taken is to argue that engineer-
ing takes the knowledge discovered by science and applies it to solve problems 
for the benefi t of society. Snow argues that industrialization, which enabled 
mass job creation, was the result of that ‘applied science’ of engineering (Snow 
1998). Hendricks on the other hand suggests the engi neering science is not 
literally nor solely ‘science applied’, but constitutes a fi eld of its own, with its 
own methods that produce its own knowledge in dependent of natural science 
or applied science. Hendricks further suggests that there is a diff erence in the 
epistemological and ontological assumptions between pure science and engi-
neering science, partially based on a diff erence in cognitive values governing 
their respective enterprises (Hendricks 2000). Chapter 4 also points out the 
‘wider than science’ characteristic of engi neering.

Snow considers that engineers are applied scientists. He is of the view, how ever, 
that while pure and applied scientists belong to the same scientifi c cul ture, the 
philosophical gaps between them are wide, to the extent that pure scientists and 
engineers often totally misunderstand each other. “We prided ourselves that the 
science we were doing could not, in any conceivable cir cumstances, have any practi-
cal use. Th e more fi rmly one could make that claim, the more superior one felt”. 
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Science is the discovery of knowledge, a framework to discern the ‘laws of na-
ture,’ and there is only one such set of laws to discover. For example, the second 
law of thermodynamics  is the second law of thermodynamics inde pendent of 
the discoverer. Had Einstein not developed his theory of relativi ty, then the 
credit for the same discovery would eventually have rested with another physi-
cist. Th us “even if science is philosophically a process of ge neralisation and inven-
tion of laws, nature appears very strongly to act as if there were only one world to 
discover” (Price 1975). On the other hand, the engineer, using the engineering 
method , is free to create any solution that meets the design requirements and 
constraints. Th e output of the engineer is therefore more arbitrary. 

Engineering science is diff erent than science for three principle reasons. Firstly, 
there is a diff erent purpose in what the scientist seeks to do, compa red to what 
the engineer seeks to do. For engineering science the only crite rion is that it 
be adequate for the underpinning or understanding of the rele vant discipline, 
whereas science demands accuracy and precision to deter mine which of the 
competing theories should be preferred. Secondly, the pre suppositions for sci-
ence are diff erent than they are for engineering. Science is the discovery of 
know ledge and science presupposes that there is only one such set of laws to 
discover. Engineering presupposes that nature is capable of manipulation and 
modifi cation. Th irdly, economic and social considera tions play a much more 
important role in engineering than in science (Rogers 1983). 

From a scientifi c perspective, engineering certainly stands alone as its own dis-
cipline, and may be characterised by an extension of the paradigm con cept 
of the infl uential philosopher Th omas Samuel Kuhn (1922-1996) to that of a 
technical matrix , which sets the standards and authority for legitimate engi-
neering work. In development of his paradigm concept, Kuhn points out that 
a mature science experiences alternating phases of ‘normal science’ and ‘revolu-
tions’. In normal science the key theories, instruments, values and metaphysi-
cal assumptions that comprise the disciplinary matrix, are kept fi xed, whereas 
in a scientifi c revolution the disciplinary matrix undergoes revision, in order to 
permit the solution of the anomalous puzzles that distur bed the preceding pe-
riod of ‘normal’ science (Kuhn 1970). Considering science as an entity, Kuhn 
contends that the engineer is working within a specifi c technical matrix and is 
practising engineering, subject to engage ment in and operation of a defi ned set 
of conditions, including:
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1. procedures and methods for delimiting a set of research objects
2. epistemic and ontological assumptions
3. theoretical structure
4. experimental structure (and experimental techniques)
5. methods
6. values
7. exemplars and research competence

An engineering matrix is substantially ‘externalistic’ and may stem from either: 
(1) new theoretical discoveries either adopted from pure science or engineering 
science itself, (2) practical challenges while constructing new artefacts (like 
bridges), and (3) possibilities linked to new tools (like power ful computational 
abilities).

Th e term engineering embraces a wide church in today’s world and each disci-
pline of engineering contains an extensive body of knowledge associ ated with 
that discipline. Some knowledge may be related to an underlying science which 
supports the discipline. Other knowledge may be based solely on theories de-
veloped from engineering practice; a good example being control systems engi-
neering. In all cases the application of the body of knowledge should enable the 
engineers to design a solution to a problem in their discipline (Rogers 1983). 

One form of knowledge, called the engineering method, relies on heuristics 
(from the Greek word ‘to fi nd’) to guide in the engineering design process. 
Since the core of engineering is the design process, such heuristics are there-
fore of high importance to the engineer. Th is point is also made in Chapter 5 
where ‘design is considered to be the central activity that defi nes engineering 
and distinguishes it from science.’

With the development of engineering disciplines, engineers have added many 
important ‘heuristic tools’ to the engineering toolbox. Th ese tools include:

• Engineering judgement
• Failure analysis 
• Risk assessment (see Chapter 12)
• Impact assessment (not just environmental)
• Trial and error
• Standards and Codes and Factors of Safety
• Rules of Th umb and Orders of Magnitude
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As with the creative inventions of early Neolithic craftsmen and throughout 
historical time since those eras, engineering science has relied on heuristics to 
both simplify and enhance the engineer’s design work. Heuristics used may on 
occasion be in confl ict, may lack accuracy and may indeed lack solid underpin-
ning of scientifi c justifi cation. However, the heuristic combined with the engi-
neering judgement borne of experience of when that heuristic can be applied 
provides an important tool to the engineer. Here the engineer is supported by 
the collective experience of all the engineers who went befo re. To quote the 
French author Albert Camus (1913-1960): “You cannot ac quire experience by 
making experiments. You cannot create experience. You must undergo it”. 

Th e question is sometimes raised as to whether science and engineering sci ence 
contain the same ethical challenges for scientists and engineers. Ethics, the 
study and philosophy of human conduct, at fi rst consideration might appear 
to pose greater challenges to those who apply scientifi c knowledge (engineers), 
than to those who seek that knowledge (scientists). Either way, as Chapters 11, 
12 and 13 illustrate, ethics certainly is of huge importance to engineers and 
engineering.

Technological development has been one of the greatest single engines for change 
and development within society. Technology aff ects society in two ways: fi rstly 
through the means of production adopted by that society and secondly through 
the devices that technology puts at the disposal of society (Rogers 1983). An 
example of the former would be clean room technology and an example of the 
latter would be integrated circuits that enable the stor age and transmission of 
huge amounts of data. We must distinguish here between the collective ethical 
problems faced by society and the professional ethical problems faced by the in-
dividual engineer. Society’s use, or non-use, of the devices that technology puts 
at its disposal is part of the set of collec tive ethical issues. Koen proposes that the 
engineering method, rather than the use of reason, is the universal method, in 
that it is the “strategy for caus ing the best change in a poorly understood situa-
tion within the available resources”. Koen goes further and suggests that “to be 
human is to be an engineer” (Koen 2003). Th e individual engineer however, in 
following the engineering method to solve a problem, has responsibilities to his/
her em ployer, profession and to the public, and must be cognisant of the ethical 
issues attaching to and emerging from the fruits of their endeavours. In short, 
ethical considerations must be added to the list of constraints with which the 
engineer must grapple in arriving at a solution.
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A Second Exemplar – Th e Development of the Jet Engine

As discussed earlier, ‘engineering’ is a complex set of activities that an indi-
vidual, but more often a team, undertakes in order to achieve a goal. To build 
long span bridges, develop and make operational satellite communications 
systems, introduce a new jet aircraft, produce ever more powerful comput-
ing resources, design and manufacture controllable artifi cial limbs, by way of 
example, all require a huge investment of intellectual eff ort if the objectives 
are to be satisfactorily met. Th e eff ort involves the judgement as to what know-
ledge is required – the knowledge typically would include, but not ex clusively, 
a combination of science, technology, mathematics and what might be termed 
engineering ‘know-how’. And in many cases new knowledge must be acquired 
if the ‘project’ is to proceed. 

Th is, then, is the start of the process! Within the design phase many other 
factors might have to be taken into account, be they fi nancial, environ mental, 
aesthetical, sociological, or the urgency of fi nding a solution in face of a threat 
or competition. It is here that engineering is akin to a juggling or a balancing 
act requiring a marshalling of knowledge and eff ort whilst wor king within a 
set of constraints. Following any implementation evaluations are carried out. 
Even, if and when, there has been a total or partial failure, valuable informa-
tion accrues from having performed an evaluation.

Th e knowledge so gained might be primary knowledge such as a hitherto un-
known behaviour of a material or it might be knowledge as in an impro ved 
design heuristic or a more refi ned approach to dealing with constraints. All 
of this might be termed evidence-based engineering : a phrase borrowed from 
medicine which, it may be said, has many of the characteristics of engi neering. 
Th ere is, though, another aspect that might be mentioned where a new para-
digm is invented or introduced. Th omas Kuhn in ‘Th e Structure of Scientifi c 
Revolutions’ surmised that it was the young or those new to a fi eld who in-
troduced new paradigms being either uncommitted or unfamiliar with con-
ventional and established views and therefore ‘free’ to make new rules (Kuhn 
2003). Kuhn also stressed that scientifi c and technological develop ments had 
impulses that were sociological in nature. One example that briefl y illustrates 
all of the above is the invention of the jet engine.

Frank Whittle and Hans von Ohain are generally acknowledged to be the 
two independent inventors of the jet engine  and they came to prominence via 
two very diff erent routes. Frank Whittle  was born in Coventry, England, and 
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joined the Royal Air Force, in the UK, as an apprentice in 1923. Apart from 
becoming a good mechanic, he learnt to fl y and was rated as an above avera ge 
pilot. Subsequently, he was selected for, and passed with distinction, the Of-
fi cer’s Engineering Course in 1933 and thence to Cambridge University where 
he was awarded a First Class Honours in Mechanical Sciences in 1936. Th e 
route taken by Whittle was exceptional and indicated that the RAF had spot-
ted a special and young talent. Hans von Ohain,  on the other hand, was born 
in Dessau, Germany and studied Physics at the University of Gottingen where 
he graduated with a PhD in 1935 and then became a junior member of staff  at 
the university. What is of some signifi cance in how events in the development 
of the jet engine would unfurl, particularly from a commercial perspective, was 
that Whittle and von Ohain were on opposite sides during World War II.

A point that should be stressed is that ideas seldom come out of a vacuum 
– others will generally have made some contributions along the way. Of note is 
the work of Sir Charles Parsons (1854-1931) who revolutionised marine trans-
port through his work on steam turbines. His fi rst and infl uential ex perimental 
boat, the Turbinia could travel at 34 knots, and this was in 1897. Th e working 
fl uid might have been steam but an important contribution had been made. 
And of course there were others too – the work of the Norwegian Jens William 
Ægidius Elling (1861-1949) being one almost forgotten contribution.

Types of Jet Engine

To set the context, a brief description of the main types of jet engines fol lows. 
Th e commonly used classifi cation is to consider fi ve engine types: Turbojets, 
Turboprops, Turboshafts, Turbofans and Ramjets (Bellis). Very briefl y, the 
Turbojet consists of an opening for the intake of air at the front of the engine, 
the air is then compressed by a vaned rotating compressor, following which 
fuel is added, and the air-fuel mixture ignited in a combus tion chamber and 
exhausted at high speed through a nozzle via a turbine which provides the 
power through a shaft to operate the compressor. Th e thrust or reaction is a 
function of the mass fl ow and speed of the exhausted hot gas or jet – the un-
derlying scientifi c principle regarding this thrust being Newton’s Th ird Law. 
In the case of Turboprops the turbine is connected by a shaft to a propeller 
which provides the thrust and is used mostly for small aircraft operating at low 
to medium altitudes.
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Turboshafts are similar to Turboprops but are usually associated with heli-
copters where the shaft connects via a gearbox to rotors for propulsion and 
lift. Ramjets are the simplest of all with no moving parts. Air is taken in, thus 
requiring the engine to be already moving at some considerable speed relative 
to the still air, following which, by constriction, the air is compressed, fuel 
added and ignited to produce a hot and fast exhaust stream. Th e Ramjet is 
largely confi ned to experimental and military operations. Th e most im portant 
jet engine now, commercially, is undoubtedly the Turbofan type. Th e major 
diff erence between the Turbojet and the Turbofan is that the latter has an ad-
ditional element which is a fan, often very large, at the intake, which facilitates 
improved air intake. Th e power for the fan is provided through a shaft driven 
by the engine’s turbine. So, in summary, with a Turbofan the air is taken in 
with the aid of a fan, compressed, then has fuel added and ignited in a combus-
tion chamber. Th e hot gas is then directed through turbines which power the 
compressor and fan, and is fi nally exhausted at both a high temperature and 
speed in a jet stream through a nozzle, thus providing the thrust. Of course 
there are variations on the above themes such as adding fuel at the fi nal stage 
– afterburn – to provide additional thrust, and the use of a bypass whereby 
not all of the hot exhausting gas is directed through the turbines. Neverthe-
less, what has been described sums up the main features of the operation of 
jet engines. But to produce a working jet engine, and subse quently through-
out an extended period of time gradually improve its per formance, is a story 
of engineering endeavour laced with politics, commer cial cut-and-thrust and 
of course the interactions between a range of infl uen tial personalities. Frank 
Whittle was one of the key personalities involved.

Th e Engineering Challenge

Th e problems in moving from the initial concepts that Whittle had articula ted 
to having a useful engine were manifold but they were almost entirely engi-
neering rather than scientifi c. What were these challenges? Th e key challenges 
were fi rst to build a satisfactory compressor and then a turbine that could 
operate at both high rotational speed and high temperatures. When all the 
engine components were brought together in a logical linear arrange ment, the 
earliest designs were considered too long: the problem was that of maintaining 
stability of the shaft linking the turbine to the compressor to gether with some 
thermal expansion related issues. Whittle’s solution was to propose a radial or 
centrifugal rather than an axial compressor which resul ted in a shorter engine 
length, but at a cost. Th e manufacture of a centrifugal compressor including 
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its housing was intrinsically more diffi  cult as the de sign required forcing the 
air through a number of bends necessitating diffi   cult and hence highly skilled 
metal work. Th e high temperature problem for the turbine and its blades also 
needed to be addressed both by the use of new materials and through the use 
of holes providing a cooling stream of air. And the high rotational speed of the 
turbine meant that the mechanical design and the subsequent manufactur-
ing problems were challenging. Against this background, work in thermodyna-
mics, compressibility (of the fl uid – air), aerodynamics, suitability of fuel, not 
to mention lobbying to provide the fi nances and resources to undertake the 
overall project, continued in what was now a country preparing for war.

Hans von Ohain’s solution to the compressor problem was also to adopt a cen-
trifugal compressor but he positioned the turbine directly next to the compres-
sor. Th is resulted in an engine that was very large in diameter but short along 
the thrust axis (see Wikipedia, Hans von Ohain). Th e end result, at that stage, 
for von Ohain was that the engine based on his work powered the Heinkel He 
178 machine and this was the fi rst jet-powered aircraft to fl y on August 27, 
1939.

Returning to Whittle, what was to work to his advantage was that he had 
both a good idea and a personality that helped win over sceptics. As recoun-
ted by Nahum, in his book Frank Whittle – invention of the jet, the complex 
discussions that took place between the inventor, the RAF, the Air Ministry, 
the Ministry of Aircraft Production and later with commercial organisations 
that included Rover, Rolls-Royce and de Havilland, would have scuppered 
anything other than a genuinely good potential enterprise (Nahum 2004). 
After much maneuvering Whittle succeeded in establishing a company called 
Power Jets Ltd. However, this company did not have the resources or experi-
ence necessary to be able to go into the production of jet engines. Eventually 
the British Government acquired the assets of Power Jets Ltd in 1944. In due 
course, engines based on Whittle’s designs powered the Meteor and proved 
more reliable than their German counterparts; additionally the British engine 
had superior maintenance characteristics, as well as markedly better power-to-
weight ratio and fuel consumption fi gures. As a result, Whittle’s input turned 
out to be more infl uential. Subsequently, even though von Ohain could claim 
a ‘fi rst’, by dint of hard work and powerful lobbying, Whittle’s designs and 
their ‘children’ combined with ‘Britain’s superior high-temperature alloys and 
engineering expertise resulted in engines that led the world in performance for 
the next decade’ (see Wikipedia, Frank Whittle). 
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Continuing the story of the engineering aspect of the ‘enterprise’, unknown 
to Whittle, the Rover engineers had decided to abandon the concept of the 
centrifugal compressor and instead developed an axial compressor. Th is work 
involved much ingenuity fi nding solutions to the very pro blem that Whittle 
had sought to circumvent, namely the length of the shaft coupling the turbine 
to the compressor. Th e secrecy in which this work was carried out did not 
help collaboration and the subsequent dispute was settled on the basis that the 
W.2B engine based on Whittle’s design and the Rover engine using an axial 
compressor could both be produced. History records that the axial solution 
was the winner. Subsequently, when Rolls Royce be came the main producer, 
taking over the Rover Plant, the main eff ort went into the ‘straight-through’ 
version. In time, and partly because of the events in the 1940s, Rolls-Royce 
became a key provider of engines and in 2006 is the World’s number one sup-
plier of large turbofans and the number two engine maker overall. In some 
respect, therefore, they were the main benefi  ciary of Whittle’s invention. But 
companies in the US were also to benefi t.

Th e Commercialisation of the Jet Engine

Two factors contributed to a major shift in utilizing the expertise in jet engi nes 
that had been gained by the end of the war and applying it to civilian use. First, 
the British, as part of the pre-cursor to the Lend-Lease agreement of 1941 by 
which the US provided much needed war material to Great Britain, had shared 
with US engineers the design specifi cations of their jet engines (essentially the 
Whittle-inspired design). Th is provided an important impulse to proceedings 
in the US where it was recognized that the quickest way for ward was to make 
use of the hard-earned engineering experience gained by Whittle and others 
in England. Great Britain ended the war in an exhausted state whereas the US 
was in a better position to capitalize on technologies developed in the 1940s 
having been in a somewhat dormant state through out the Depression. Second, 
the lead that Britain had, or could have had, was eff ectively eliminated due 
to the Comet disaster. Th e Comet aircraft had Rolls-Royce turbojet engines, 
built by the de Havilland Engine Company, and these engines were based on 
Whittle’s designs. Th e aircraft entered ser vice with BOAC in May 1952 as the 
fi rst commercial jet airliner (see RAF museum 2006). 

Within two years of commencing service, two Comet aircraft disappeared, 
the fl eet was grounded and an investigation launched. It transpired, after a 
careful investigation, that the cause was metal fatigue causing a crack that had 
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grown with the repeated cycle of cabin pressurisation and de-pressurisa tion in 
each fl ight. Th ere were lessons to be learned and passed on to other aircraft 
manufacturers. Whilst the jet engines were not the cause of the dis aster, the 
impact on engine design and the manufacture of jet aircraft in Great Britain 
was profound and leadership passed to the US. With commercial power now 
in the hands of companies in the US, Rolls-Royce found it diffi   cult to sell its 
engines into an American-dominated market. In time, though, and after being 
rescued by direct State intervention, Rolls-Royce Engines survived and grew to 
its present impressive position in modern jet engine design and manufacture. 

Currently, some of the preoccupations of jet-engine design engineers refl ect 
environmental and sociological aspects in terms of fuel effi  ciency and noise re-
duction. Th e direct descendant of Whittle’s designs in the form of the tur bofan 
jet engine with its large fan, very obvious to all air travellers, and the near 
optimum use of a turbine bypass have certainly made engines more effi  cient 
and quieter. What is astonishing in many respects is that a systems sketch of a 
modern jet engine is so similar to ones of over sixty years ago.

Regarding the fuel, to some extent the early jet engines were insensitive to the 
type of fuel, but as time marched on, a number of factors infl uenced choices. 
Factors that had to be considered included: losses due to evapora tion at high al-
titudes; risk of fi re during handling on the ground; fi re risks following a crash. 
Kerosene-type fuels are now the most common types throughout the world, 
though there are some exceptions such as in very cold climates (see Chevron 
2006). Th is is a typical aspect of engineering where additional constraints have 
to be taken into account, brought about by wider considerations, mostly re-
lated to safety in this particular case.

So whilst the basic idea of the jet engine has stood the test of time, the ‘in-
vention’ and ingenuity of engineering has focused on improving designs, using 
new materials such as ceramics in the hostile turbine environment, adopting 
new manufacturing techniques, reducing the maintenance down-time, and ex-
tracting as many benefi ts as possible from the use of computers in modelling 
the controllability as well as the thermodynamic and aerody namic behaviour 
of the engine. Th e story of the development of the jet en gine reinforces the 
model of engineering as one in which science, mathema tics and technologies 
are brought together with the objective of producing some physical system 
through applying practices that have been proven in the same or other similar 
fi elds. And improvement comes following careful evaluation of the systems so 
designed and produced to a set of criteria that, as often as not, grow in time. 
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Rolls-Royce inherited a great idea from Whittle and turned it into a commer-
cial success. Th e manufacturers in the US also inherited the same great idea 
and they have always acknowledged the role played by Whittle. Following 
early visits to the US by Whittle, the American engineers expressed their grati-
tude for his open and constructive discussions in which a number of technical 
problems were solved or at least progressed. Much later, in recog nition of his 
contribution, Whittle was made Professor at the U.S. Naval Academy and von 
Ohain was awarded the Charles Stark Draper Prize of the National Academy 
of Engineering in 1991. In 1977, Whittle had been invested in the Interna-
tional Aerospace Hall of Fame, eventually, and was deser vedly followed by 
Hans von Ohain in 1982.

Th e Engineering Model Re-Visited

As portrayed in the story of the jet engine, there are many factors that con-
tribute to the evolution and development of large-scale engineering design 
projects. Considering again the outline engineering model described in 
Figu re 7.1., one may further link this Model of Engineering to one of Philo-
sophy. Epistemology, indeed Logic, Ethics and Aesthetics are fundamental to 
the creative design processes essential to good engineering practice. Knowledge 
in engineering, science and technology has grown through the additions of the 
activities of engineers, not alone in the increasingly shared global experi ence 
of recent decades, but over hundreds and indeed in some instances thousands 
of years, as with the creative methodologies applied by Neolithic people, out-
lined earlier. Logic is a fundamental tenet of engineering subject matter, and of 
mathematics and science, forming the basis of rational calcu lation and acting 
as a foundation for good design practice. Good ethical practice in the engi-
neering and scientifi c professions is of increasing impor tance to every aspect of 
modern day living. However it is the design process that most heavily can be 
characterised in terms of Philosophical perspec tives.
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Figure 7.2.  A Model of Engineering: Links to Philosophy

Outcomes
Knowledge Design Process

Experience/EvaluationKnowledge
 Refinement 

Epistemology
Epistemology and 
Logic and Ethics 
and Aesthetics 

Ethics and Aesthetics 
Empiricism

Sustainability, renewable energies, environmental impact, climate change, wel-
fare of the planet, population increase: these are topics which impact at all 
levels on every nation and community in today’s world. Th e engineering and 
scientifi c professions will be central partners to the core of the debate as to how 
these major humankind issues may be addressed, what solutions can be found 
and how best they may be implemented. Just as for ethical consid erations, 
aesthetics is no longer a soft option or lip-service addendum to the engineering 
design portfolio. As with architectural design, aesthetic applica tion and appro-
priate use of sustainable materials in the design process are both essential and 
fundamental to the teaching and practice of engineering.

Conclusion

Engineering, through its core activity of design, is heterogeneous in nature. 
It benefi ts from multi-disciplinary skills and yet it can also accommodate dif-
ferences in approach to the same issue, such as for example diff erent building 
codes in diff erent countries, what Hendricks has termed poly-para digmatic, 
whereas science is typically mono-paradigmatic (Hendricks 2000). Over the 
last fi fty years, engineering has strongly leveraged the tools of science and 
mathematics as its disciplines have become increasingly spe cialised. We have 
perhaps reached a nexus where society’s problems de mand that engineers ex-
hibit horizontal multi-disciplinary skills rather than vertical specialist skills. 
Engineering educators respond with the concept of the Renaissance engineer, 
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or the entrepreneurial engineer. “In times of social stability, it is the specialist who 
best contributes to society by driving deeper into a given discipline. However, times 
of great fl ux call for those who can cross disciplines, who can see and understand the 
larger picture” (Akay 2003). 

Modern engineers are educated professionals to whom society entrusts the de-
velopment of new technologies for the benefi t of that society. Engineers accept 
that trust and conduct their enterprise through a range of ingenious activities, 
called the engineering method, while adhering to a code of ethics to them-
selves, their profession and to society. 
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Chapter 8

Knowledge and Learning 

in Engineering Practice 

Anders Buch

Abstract: During the 20th century, traditional epistemological theories of knowledge 
have been under siege. In recent years, eff orts have been made to reconstruct the con-
cept of ‘knowledge’ to emphasize its contextual, situated and social character. Draw-
ing on the results and methods of these eff orts, this chapter discusses the con cept of 
learning  and purports to theorize learning in a Social Th eory of Learning (STL ). Th e 
attempt to reconstruct learning in an STL addresses three main issues: an STL must 
try to specify the subject-world relationship, describe the ‘mechanism’ of learning, 
and identify the ‘telos’ of learning. Th is attempt will in fact give ans wers to three 
fundamental questions: 1) What is learning? 2) How do we learn? and 3) Why do we 
learn? Th ese questions will be discussed in relation to engineering practices of getting 
to know and learning. 

Introduction

Knowledge and learning  have become central issues in many debates over the 
last couple of decades. Not only in traditional pedagogical, educational and 
philosophical contexts, but also in a much wider range of discourses in cluding 
economics, labour market studies, business, management research, etc. (Little 
et al. 2002; Nonaka and Takeuchi 1995; Krogh et al. 2000; Gherardi 2006). 
Outside academia concepts of knowledge and learning have also found their 
way to the agenda. Enterprises want to become ‘learning organizations’ and 
talk of ‘knowledge management’ has been common during the last 25 years or 
more. Th e attention given to these issues in general is epitomized in the engi-
neering profession. Engineers are often seen as the quintessential ‘knowledge 
workers’. Individual engineers and the engineering profession in general are 
dealing with extremely com plex issues – not only in relation to scientifi c and 
technological domains of knowledge per se but also in relation to social interac-
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tion, negotiation and innovation in a non-scientifi c context. Th is means that 
knowledge acquisi tion and learning have been recognized as central elements 
in the develop ment of engineering professionalism and excellence. 

Although, by now, discourses on knowledge and learning  are fi rmly esta blished 
within the engineering profession and in human resource manage ment, lit-
tle attention has been devoted to refl ections on the nature and char acter of 
know ledge and the processes of learning as such. It is true, of course, that 
‘know ledge’ has been a central theme in western philosophy and that ‘learning’ 
(often confl ated with education) has been a topic in pedagogic and educational 
science for a fairly long time. However, the academic discus sions of these topics 
have often been abstract, idealized, normative and de tached from the practices 
of coming to know or learning in everyday life as well as in specifi c context 
– e.g. the everyday work of engineers. Th is means that we have inherited con-
cepts of learning and knowledge that are misrepre senting actual practices and 
sometimes – when prescribed as ideals for prac tice – get in the way of learning 
or coming to know. Th e concepts of ‘knowledge’ and ‘learning’ are in need of 
renewed theoretical and empirical refl ections in order to become useful tools 
for the description of ‘coming to know’ and ‘learning’ in actual, real lives of 
persons. 

During the last 40 years, researchers within the paradigm of Science and Tech-
nology Studies (STS ) (Biagioli 1999; Sismondo 2004) have recon structed the 
concept of ‘knowledge’ to emphasize its contextual, situated and social cha-
racter. Th e process of tracking down ‘science’ in laboratories and other places 
implied that normative epistemology gave way to detailed eth nographic stu-
dies of scientifi c practice and processes of ‘coming to know’. We are in need of 
a similar ontological reconstruction of the concept of ‘learning ’. We need to 
search for answers to questions like: How do engi neers actually learn in their 
day-to-day engineering activities? Drawing on the results and methods of STS, 
this article discusses the concept of learning and purports to theorize learning 
in a Social Th eory of Learning (STL ) (Buch 2002). In order to understand the 
nature of ‘knowledge’, ‘knowing’ and ‘learning’ within the engineering profes-
sion, we are in need of a more adequate theoretical framework. Th is article 
does not, however, claim to give a systematic and encompassing account of the 
‘learning’ of engineers. Th e ambition is solely to suggest a theoretical perspec-
tive on ‘learning’ that puts idealized conceptions aside and to a higher extent 
refl ects the dynamics of the lived practices of the learners. 
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Th e argument in this article will fi rstly address the conventional understan-
ding of knowledge in our culture. It will be argued that the received view on 
knowledge is too restrictive and idealized to refl ect what actually happens when 
engineers get to know. Our concept of knowledge has to be altered and broad-
ened and – in consequence – we will have to rethink our concepts of learning  
as well. We will have to reconstruct the concept of learning as some thing that 
does not only see learning as a process of transmission of ‘knowledge’. Trans-
mission of knowledge – e.g. in traditional educational settings – only captures 
a small and very specifi c learning situation. We will argue that learning must 
be looked upon as an encompassing and integral part of human existence and 
a phenomenon that is analysed as a process of ‘coming to know’ – or even bet-
ter ‘knowing’.

In the second part of the chapter we will try to reconstruct the concept of lear-
ning  in an STL . Th is reconstruction will – of course – only be tentative. I aim 
to give a rough sketch of a theory which addresses three main questions: 

1. What is learning ? 
2. How do we learn? 
3. Why do we learn?

Th e length of this chapter does not allow me to go into details or elaborate my 
points extensively. I will, however, illustrate my theoretical points by drawing 
on an empirical case study. I undertook this case study in a Danish telecom-
munication company 10 years ago and followed a team of engineers through 
their daily work practices for a period of 10 months. During this period, I had 
rich opportunities to study engineering practices and the actual learning  pro-
cesses of the team members (Buch 2002). 

Th e chapter ends with a short refl ection on the consequences of substituting 
traditional epistemological theories of knowledge and learning  with the propo-
sed perspective of an STL . 

Th e Epistemology of Possession 

Th e traditional epistemological perspective on knowledge and learning  is 
widespread. In fact it has structured and informed our common sense notions 
of knowledge and learning. Th roughout the history of western philosophy we 
meet the same fundamental dogmas, premises and/or ideals about know ledge 
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and learning (Rorty 1979). Th ey are deeply rooted in our culture and they 
have been ingeniously translated and elaborated in epistemological theories. 
Roughly, speaking these dogmas can be summarised as follows:

• Knowledge is something that individuals possess (or do not possess)
• Knowledge is an intellectual, mental and cognitive representa tion of 

reality
• Knowledge is explicit / propositional / codifi ed 
• Knowledge comes in bits and chunks 
• Knowledge is produced through rational inference and following of 

logical rules
• Th e best kind of knowledge is abstract and a-contextual knowledge
• Learning is an intellectual, mental, cognitive and individual process
• Learning is transmission of knowledge from somebody who knows to 

somebody who does not know
• Learning is absorption and internalisation of knowledge 

Surely we could add more bullets to this list. It is – of course – also possible to 
fi nd a few western philosophers in the history of ideas that have not sub scribed 
to (all) these dogmas. Th e list of dogmas does, however, present a dominant 
strain in the western mindset. 

Th is kind of thinking about knowledge and learning  has not only dominat-
ed intellectual theorizing and common sense refl ections about the nature of 
knowledge and learning. It has also emanated the educational sector and in-
formed management systems all over the world.

It could – rightfully – be argued that the fundamental premises of the tradi-
tional epistemological theories are fl awed. In fact, important currents in phi-
losophy in the 20th century have done so and delivered devastating argu ments 
against Cartesian, rationalist, dualist and mentalist conceptions of knowledge 
and learning . A fundamental critique of traditional epistemology can be found 
in both phenomenological (e.g. Heidegger 1975), Wittgen steinian (e.g. Witt-
genstein 1971) and pragmatist (e.g. Rorty 1979) theories (See Lavelle in this 
volume). I will not reproduce these arguments here. Instead I will point to 
a less fundamental and more modest argument. Th is argu ment stresses that 
knowledge is not only individual and explicit. It can also be collective and 
tacit. 
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Th e problem with the traditional epistemological thinking about knowledge 
and learning  is that it only addresses a subset of the human endeavours of 
learning and getting to know. Th e dogmas impose and generalize an indi-
vidualistic, mentalist and highly limited perspective on the nature of learn-
ing and knowledge. Th is perspective only recognizes knowledge as something 
that individuals can possess and limits knowledge to something that can be 
codifi ed in explicit terms. It overlooks, on the one hand, what Michael Pola nyi 
(1983) has labelled the tacit dimension of knowledge, and on the other hand, 
that it is possible for groups to possess knowledge that is not reducible to the 
sum of knowledge of individuals. 

John Seely Brown and Scott D. N. Cook (1999) have pointed to other forms of 
knowledge. Th e fi gure below shows that knowledge has more manifesta tions. 
Let me exemplify what these forms of knowledge mean.

Figure 8.1.  Forms of Knowledge

Individual Group

Explicit Th ings an individual can 
know and learn that can be 
made ex plicit, e.g. concepts, 
rules, equa tions. Traditional 
epistemologi cal theories have 
made this do main of knowledge 
a standard for science proper 
and relegated the other domains 
to heuristics. 

Th ings that are expressed 
explicitly yet typically are used, 
expressed or transferred in a 
group, e.g. stories about how 
work is done or about famous 
successes or failures, and the use 
of metaphors or phrases that 
can have useful meaning within 
a specifi c group. 

Tacit Tacit knowledge possessed by 
individuals, such as a skill in 
making use of concepts, rules, 
and equations or the “feel” of 
the proper use of a tool or for 
keep ing upright on a bike.

A “genre” identifi es for a given 
group the distinctive and useful 
meanings that the group uses 
to frame and understand the 
things (e.g. termi nology and 
tools) and the activities (such as 
a specifi c way of doing a task) 
that are common to that group.
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Brown and Cook do not share the premise of traditional epistemological theo-
ries that only individuals can possess knowledge. In fact, they believe that 
collectives can be coherently and usefully considered in their own right with 
respect to actions they perform and regarding the possession of any knowledge 
that is used in those actions. If this premise is granted – and if Polanyi’s points 
about the tacit dimension of knowledge are equally granted – we must discard 
the traditional conception of knowledge. It is not produc tive to limit the con-
cept of knowledge to codifi ed rules, concepts, equations and the like that is 
possessed by individuals. Th ere is much more to know ledge, namely individual 
skills and explicit and tacit collective knowledge. 

Another problem with traditional epistemological thinking is that it only fo-
cuses on knowledge as something that is possessed by someone. By broadening 
the analysis to the collective, it is possible to see knowledge as something that 
is not only transmitted from individual to individual but also as something 
that is produced, reproduced and altered in collective action. Th e inclusion 
of the collective dimension makes it possible to transcend the static perspec-
tive on knowledge as transmission between individuals and to start analys-
ing knowledge as a part of human interaction in collective, social contexts. It 
is very seldom that people are actually ‘transmitting knowledge’. It is much 
more likely that people are engaged in various practices where they try to solve 
problems – struggling to fi nd useable solutions. Making a shift in perspective 
from ‘transmitting knowledge’ to ‘engage in social prac tice’ makes it possible 
to study the production and dynamics of knowledge, i.e. getting to know and 
learn. 

Rethinking Learning

Discarding the traditional epistemological perspective on knowledge leaves us 
in a situation where learning  cannot be defi ned as transmission of know ledge 
between individuals – at least there seems to be much more to learning than 
knowledge transmission. So, in order to study learning, where should we look? 
Learning has traditionally been identifi ed with teaching. When learning is 
seen as transmission of knowledge between individuals, it is only natural to 
focus on teaching in order to study learning. But history is full of examples 
of teaching without learning and – more interesting in this context – learning 
without teaching. So why not look outside the classroom and teaching institu-
tions? If there is much more to knowledge than explicit, indi vidual knowledge 
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– as Brown and Cook suggest – why not look for learning in group settings, 
e.g. in the workplace – among engineers engaged in social practice? 

Th is is in fact what I did 10 years ago. Inspired by the STS  traditions of ‘labora-
tory studies’, where scientifi c practices and practitioners are studied in their 
natural settings (the laboratory) by ethnographic methods, I per formed a case 
study of the learning  of engineers in their workplace. For 10 months, I had 
the opportunity to study the work practices of a group of engi neers in a tele-
communication company. Th ese engineers were engaged in various practices 
– designing new software programmes, testing the pro grammes, managing 
the projects, etc. It was obvious that these engineers learned a lot through their 
day-to-day work, but at no time did I witness that the engineers were ‘internal-
izing transmitted knowledge’. Instead I observed that the engineers interacted 
intensively in order to specify the problems and tasks in their work. A lot of 
negotiation took place among the engineers, between the engineers and their 
superiors, between the engineers and their customers, etc. Following the en-
gineers around their daily business, it be came clear to me that their jobs and 
task specifi cations were not entirely determined in advance. Th ere was plenty 
of room for interpretation and ne gotiation – even though the engineers were 
dealing with “hard” technologi cal issues.

Th e fact that rules, concepts and theoretical knowledge can be – and indeed 
often are – underdetermined by evidence has been made clear by Wittgen-
stein’s rule-following argument (Wittgenstein 1971; Kripke 1982) and Quine’s 
theses of underdetermination (Quine 1960; Arrlington and Glock 1996). Th eir 
arguments show that it is not – not even in principle – possible to determine 
the correct following of a rule prior to its actual instantiation. Wittgenstein 
argues that there is no fact about following a rule rightfully or not prior to the 
establishment of a social consensus about what should be considered as the 
right or wrong way to continue following the rule. Th e correct way to proceed 
in rule following is determined through collective interpretations and social 
negotiations. 

In order to understand how the engineers proceeded in their problem solving 
and why they preferred certain interpretations and solutions of technological 
problems to others, it is mandatory to investigate the social context. It was 
obvious that agreements about the correct technological solutions were not 
something that ‘happened’. It was something that was achieved through tough 
arguments, calculations, endless discussions among the engineers and negotia-
tions about advantages and drawbacks of specifi c technical opportu nities. Th e 
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engineers were trying to solve the technical problems by framing the problems 
in accordance with their established meanings and knowledge in their fi eld of 
expertise – the preferred ‘genres’ and ‘repertoires’ of their profession. Th e en-
gineers were united and defi ned themselves in accordance with their commit-
ment to certain concerns, values, ideas and passions. Th ey belonged to specifi c 
communities of practice that have standards for what should be regarded as a 
professional approach to solving engineering pro blems. 

Etienne Wenger (1998) has defi ned ‘communities of practice’ (CoP ) as (infor-
mal) groups of people who share a concern or a passion for something they do 
and learn how to do it better as they interact regularly. Indeed com munities of 
practice could be found among the engineers in the telecommu nication com-
pany. Th e software designers were clearly united in a CoP, the ‘testers’ had their 
CoP and so did the managers. CoP is an analytical tool for identifying and 
demarcating groupings among practitioners who engage in practice in accord-
ance with certain values and perspectives. It was obvious that the engineers 
were informed by and very loyal to the common standards or codex of their 
respective CoPs. 

All the engineers were united in developing a new telecommunication facil ity, 
but members of the three identifi ed CoPs had diff erent judgements as to how 
the facility should be constructed and the importance of various tech nological 
and commercial aspects of the new facility. In the beginning of the project, 
it was not at all clear how the facility should be constructed or what should 
count as a successful construction of the facility. It was through long pro cesses 
of negotiation among the engineers that a consensus emerged – and the tech-
nological facility constructed. In these negotiations the standards, values, in-
terests, perspectives, etc. of the involved individuals and CoPs were mobilised, 
confronted, challenged and fi nally mediated in order to es tablish working solu-
tions to the problems addressed.

In this highly turbulent and complex process of interaction, it was obvious that 
the involved engineers were learning  and acquiring new knowledge. Yet no 
traditional process of transmission of knowledge was in sight. Th e learn ing was 
established in a highly complex pattern of interactions among the engineers 
and between the engineers and the technological artefacts. Th is pattern of in-
teraction was restrained (and you might also say enabled) by the organizational 
infrastructure of the company, through the engineer’s profes sional code of con-
duct and many other things. Th e interaction was – in other words – situated in 
a social practice. So, in order to understand and study learning and knowledge 
production we ought to study practice as it unfolds in situated contexts.
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What Is Learning?

Traditional learning  theory sees learning as a psychological and cognitive phe-
nomenon where knowledge is transmitted from one individual to another. Th is 
perception of learning refl ects the underlying epistemological theory of know-
ledge and learning. In contrast, an STL  rejects the inherent individualis tic and 
dualistic premises of traditional epistemological theories. Th e subject-world-
relation is changed. In epistemological theories, the sub ject is divided from 
the world it lives in. Th e subject can only learn about the world in mediated 
ways. An STL rejects this view. Instead, it holds the on tological premise that 
we are – as learners – already and always immersed in the social practice. An 
STL starts its reconstruction of the concept of learn ing by presuming the on-
tological thesis that we are born as social beings and that sociality is sui generis 
– not something deliberately invented by isolated selves. Th is thesis holds that 
we – as persons – are always already a part of social practices (Garfi nkel 1967). 
We are born into families and brought up in societies. We become social agents 
– persons – through a long process of socialization and adaptation. We adopt 
social customs and conventions; ad here to certain values and ideals; play cer-
tain language games and perform according to certain etiquettes, repertoires 
and genres. Th is process is guided and sanctioned by our close relatives and 
fellow citizens in the culture we belong to. Here practices are enforced and 
reproduced in complex patterns and during our fi rst years of living we become 
a part of these social prac tices. 

In regard to the engineers in my case study, they shared a long history of emul-
sion in engineering culture and practice. Th ey were educated and trained in 
the same or similar universities and had been working for some time in the 
same companies or branch. Th ey subscribed to the same para digms of scientifi c 
and technological standards and they were all committed to develop new and 
ingenious solutions for the telecommunication industry. So, were the engineers 
in my case study in fact learning  (something new) or were they just a part of 
engineering culture – and what has that to do with learning? 

In an STL , learning  is seen as an integral part of social practice. Learning is 
not a product of social practice or a factor that drives social practice. Learn-
ing is in fact what happens in social practice. I would like to defi ne learning 
as a process of transformation or alteration of or within social practice. Th is 
means that learning is not restricted to individuals. Learning has to do with 
the relationship between persons and their involvement in social practices. Let 
me give an example. In my case study, I identifi ed and studied the prac tices of 
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engineers who were related to 3 CoPs (that of the ‘designers, the ‘testers’ and 
the ‘managers’). Each CoP  adhered to a specifi c regime of com petencies – i.e. 
certain standards and values for what it meant to be and per form like respec-
tively a competent or even excellent designer, tester or man ager. 

Newcomers to the company – who inhered to the standards and values pro-
moted in a CoP  and who strived to be respected by the old-timers of the CoP 
– would try to perform and align their behaviour in accordance with the codes 
of the CoP. Newcomers took the position of the legitimate but periph eral par-
ticipant in the practice of the CoP. In their striving to become ac cepted and 
respected by the old-timers, they would try to abandon their pe ripheral posi-
tion and become more central players in the community. Th e movement from 
periphery to a more central position within the CoP describes a personal and 
professional development for the individual – which I will not hesitate to call 
a process of learning  (to become a professional). In this case the regime of 
competencies of the CoP pulls the individual’s development towards profes-
sionalism. In this case, learning can be described as an altera tion within social 
practice – the newcomer becomes a part of the established social practice of 
the CoP.

In an STL , learning  can also take other forms. Th ere are examples of individu-
als who, as newcomers, have changed social practices partly or en bloc by in-
troducing new and innovative ideas and practices in CoPs – thereby pushing or 
transforming the regime of competencies in accordance with the new ideas and 
practices. Usually, the newcomers are rooted in other CoPs and introduce well-
established ideas and practices into new contexts. In this way persons can act 
as brokers or boundary walkers (Wenger 1998) between CoPs and eventually 
initiate a transformation of practice. Th e trans formation of practice is not the 
work of individual genius or idiosyncrasy but should be analysed as a process 
of meticulous processes of negotiations of meaning (more on this point in the 
next section).

How Do We Learn? 

Epistemological theories of learning  describe the process of learning as a 
pro cess of transmission of knowledge between individuals. Th e transmitted 
knowledge is internalised by the learner in a context of teaching or instruc tion 
and the learner is then able to transfer the acquired (general) knowledge to 
other contexts in the future and apply it where needed. Epistemological theo-
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ries of learning see the ‘mechanisms’ of learning as a process that starts with 
the informed or knowledgeable person (e.g. the teacher or instructor), proceeds 
through the transmission of the knowledge to the learner who in turn internal-
ises the knowledge. Th e learner is then able to transfer the knowled ge to and 
apply the knowledge in other contexts.

An STL  sees the ‘mechanism’ of learning  quite diff erently. As mentioned pre-
viously, an STL sees learning as a transformation and alteration within or of 
social practice. Th e ‘mechanisms’ that install the changes in social practi ce can 
be seen as meticulous processes of negotiations of meaning. Etienne Wenger 
(1998: 52) defi nes the process formally as follows:

1) “Meaning is located in a process I will call the negotiation of mea ning
2) the negotiation of meaning involves the interaction of two constitu ent 

processes, which I will call participation and reifi cation
3) participation and reifi cation form a duality that is fundamental to the 

human experience of meaning and thus to the nature of practice” 

As human beings we constantly produce and give meaning to the world we 
live in. In my case, the engineers were constantly engaged in a process of trans-
lating customers’ request for telecommunication facilities into technical solu-
tions. Th ey were interpreting the requests in order to match them with what 
was technically and commercially feasible ways to construct new faci lities. In 
this process, the customers’ requests and the technological systems were medi-
ated in a process of negotiation of meanings. What does the cus tomer’s request 
amount to if we try to translate it into a detailed and rigorous technical speci-
fi cation? Can existing technological solutions meet these re quests or should 
we fi nd compromises? During these considerations and dialogues, the engi-
neers interacted with the customers and participated in the customers’ eff orts 
to explain and justify their requests. On the other hand, the interaction was 
restrained by the reifi ed terminologies, theories, technolo gies, etc. of engineer-
ing. 

In the process of negotiation of meanings, the engineers and the customers co-
produced and gave meaning to what was to become a new telecommuni cation 
facility. During the process of interaction between the engineers and custom-
ers, issues were classifi ed; concepts were defi ned; specifi cations were described 
and agreements were established. Th rough interplay of participa tion and reifi -
cation, the process ended by the establishment of an agreement on how to see 
and think about the new artefact. What was this new artefact really? What 
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need did it meet? Did the construction of the artefact meet the technical stan-
dards of the telecommunication regulations, etc., etc.? No an swers existed to 
these questions prior to the meticulous negotiations of meanings. Consensus 
was established in a step-by-step process of reifi cation and participation in the 
negotiation of meanings. Th is process is in fact what constituted the ‘mecha-
nisms’ of learning  in the case. 

An STL  answers the question “How do we learn?” by pointing to the ‘me-
chanisms’ of learning . Th e ‘mechanisms’ of learning describe the process of 
step-by-step negotiations of meaning among practitioners. It is of course an 
advantage of an STL that the process can be studied by standard empirical 
techniques.

Why Do We Learn?

In my eff ort to reconstruct learning  in an STL,  I have defi ned the phenome-
non of learning as a transformation or alteration within or of social practice 
and I have described the process of learning as a step-by-step process of nego-
tiation of meanings among the participants. However, these formal stipula-
tions do not address the dynamics of learning. Why do we learn this and not 
something else? Although the ‘mechanism’ of learning describes the process 
of learning, it does not specify the direction or the telos (Lave 1997) of the 
learning. Epistemological theories of learning have discussed ques tions of mo-
tivation and pedagogics in order to understand the directedness of learning. 
Th e inherent dualism of epistemological theories of learning has resulted in 
theories that either explain motivation as something outer (e.g. the stimulus-
response thinking of the behaviourist tradition) or something inner (e.g. psy-
chodynamic mechanisms in traditional psychoanalytic theo ries). Common to 
both avenues of thought is the individualistic premise that motivation and 
incentive are rooted in the individual learner. 

An STL  tries, however, to understand the directedness of learning  in a social 
perspective. It is through the interaction of the participants in social practice 
that learning takes a specifi c direction. Th is is the case for the participants 
within the social practice and for the development of social practice as such. In 
order to understand what drives and gives direction to the learning, we need 
to look closer at the ‘mechanism’ of learning. How does the negotiation among 
the participants in social practice proceed? 
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In my case study, the engineers in the telecommunication company were in-
volved in serious negotiations in order to construct the new communica tion 
facility. Th eir negotiations were informed by their special perspectives on the 
technology they were dealing with and their special commitments to the va-
lues and ideals of their CoPs. Professional and personal career ambi tions were 
also visible. Observing the dynamics within and between the 3 CoPs, learning  
trajectories in the social practice became apparent. Th e lear ners were certainly 
not cultural dopes (Garfi nkel 1967). Rather they could be seen as persons with 
a social history and ambitions, goals, interests and spe cifi c perspectives on the 
future. 

In order to understand the directedness of the learners, it was necessary to 
investigate the learning  trajectories (Dreier 1997) of the engineers. Th rough 
interviews about their social histories and observation of their social practice 
in the telecommunication company, a picture of learning in the social prac tice 
of the CoPs could be drawn – the specifi c contours of the texture of learning 
became visible. In this highly complex texture, the engineers put direction 
and momentum to the alterations within the CoPs. Th e personal preferences, 
interests, goals and ambitions of the engineers contributed to determine the 
dynamics within and of the competence regimes. Other factors were equally 
present. Th e structural set-up of the organization, the trajecto ries of techno-
logical development in the telecommunication branch, etc. all contribute to 
restrict and aff ord and eventually determine the texture of learning in this con-
text. But in order to explain and understand the change, alteration and trans-
formation – and a fortiori learning – in the textural back drop of practice, it was 
necessary to focus on the goals and interests of the learning agents – namely 
the engineers. Th e engineers participated in the negotiation of meaning with a 
specifi c perspective that partially contributed to determine the direction of the 
learning. Specifi c perspectives, goals and interests were mediated and altered 
in the negotiation process – and in some cases, the participants even substi-
tuted their goals and interests in favour of new perspectives, as they changed 
their positions within social practice. Some participants gained more central 
positions within the CoPs, others were marginalized – and eventually some 
accommodated and revised their ambitions and goals totally. 

Th e space allocated for this chapter does not allow me to elaborate further on 
the dynamics in the texture of learning . Th e essential point in re gard to the 
overall question ‘How do we learn’ should however be clear. An STL  answers 
the question by describing the dynamics and directedness of the learning. Th e 
direction of our learning is determined by the interplay between the involved 
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agents’ negotiation of meanings in social practice. Each agent contributes par-
tially to this negotiation with his or her specifi c interests, goals and perspec-
tives. We learn because we want to achieve something and we have visions of 
what is to be achieved. However, it is mostly the case that our visions have dif-
ferent forms. It is through social in teraction and negotiations of meanings that 
we learn to see and accept new perspectives, modify our beliefs and convictions 
and eventually take new positions in social practice. 

Conclusion and Perspectives

Th e epistemology of possession has dominated both our common sense and 
philosophic discourse on knowledge and learning . In the previous sections, I 
have pointed to some inherent problems in the traditional epistemological per-
spective and I have proposed – though only in a very sketchy manner – an al-
ternative STL  that overcomes some of the problems. It can, however, rightfully 
be objected that my arguments are not conclusive and that my presentation has 
not succeeded to demonstrate why we should discard our traditional discourse 
about knowledge and learning in favour of an STL. I will address this matter 
in this concluding section. Before I do so let me con front the epistemological 
theories of learning with an STL in the table below and thereby summarize 
my argument so far.

Figure 8.2.  Epistemological Th eories of Learning vs. STL

Epistemological theories 
on learning 

Social theory of learning  
(ontological)

What is learning ?
(Th e subject-world-
relation)

Transmission of know -
led ge between individuals

Transformation and alter-
nation within and of so cial 
practice

How do we learn?
(Th e mechanisms of 
learning )

Internalisation of know-
ledge

Step-by-step negotiation of 
meaning

Why do we learn?
(Th e dynamics of 
learning )

Inner and/or outer motiva-
tion

Socially mediated goals, 
interests and perspectives 
of the learners
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Th e two theories of learning  give diff erent answers to the three essential ques-
tions of learning. But which answers shall we prefer and what should be the 
criteria of our preference? I do not think it is possible to fi nd compelling rea-
sons in favour of one theory that – in some way or another – does not already 
presume some premises of that theory. What does the touchstone of a neutral 
criterion of theory choice actually look like? In fact the whole idea of making 
rational and independent conclusive arguments in favour of one theory as op-
posed to another is part and parcel of the rationalist reasoning in epistemologi-
cal theorizing. Th e ontological reconstruction of the subject-world relation in 
social theories of knowledge and learning is therefore not obliged to subscribe 
to the search for “fi nal reasons” in its arguments. Th is does not mean, however, 
that no arguments can be found. Th e position only holds that these reasons 
never will be fi nal and based on neutral theoretical ground. 

Instead of pursuing the theoretical and rationalist search for independent and 
conclusive arguments that can decide the choice of theories, I will rather opt 
for the approach taken by philosophical pragmatism (see Lavelle in this vol-
ume) and feminist standpoint theory (Harding 1998). Let us decide on the 
choice of theory through the means of abductive inference. Let us decide on 
theoretical positions by judging the practical consequences of the theo ries. We 
do not reach independent ground through this manoeuvre but we get closer 
to making a decision based on criteria that are relevant to our con cerns. Th is 
suggestion has the advantage that it will transform abstract theo retical discus-
sions on learning  (that often camoufl age political agendas) into more transpar-
ent discussions that makes the actual (normative) positions of the discussants 
explicit. 

An STL  reconstructs learning  by analysing learning as participation in prac-
tice. How do we manage to change practice or how do our respective posi tions 
within practice change? Th is perspective will shed light on the distri bution of 
power – and powerlessness – in contexts of learning, as it did in my case study 
of the practices of the engineers in the telecommunication company. If learn-
ing is analysed as participation in practice, we will not only see failure and 
success as due to the merit of the individual learner. Failure and success will 
equally be understood in accordance with the distribution of power in a regime 
of competence, i.e. as a feature of structural and political arrangements – that 
eventually can be changed! Th e STL adds sociological imagination to the con-
text of learning and broadens the analysis by pointing to alternatives: Th ings 
could work out diff erently if we had chosen to make other arrangements. Th us, 
empowerment is an inherent ambition of an STL.
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Th e case study of engineering learning  practices showed – among other things 
– that female engineers are often not granted legitimacy in the pre dominantly 
masculine culture of engineering. Th is phenomenon is cooper ated by numer-
ous other case studies (e.g. Mellström 1995; Minneman 1991), but the perspec-
tive of an STL  can in fact show how this tendency of marginalisation of female 
engineers reproduces and enforces itself by re straining learning opportunities 
for female engineers. Taking this broader and more systemic perspective on 
learning, an STL is able to understand learning in a broader perspective than 
that of individual achievement. An STL does in fact open a discussion on 
learning that will force the discussants to refl ect on the social consequences of 
learning systems, teaching methods and pedagogic principles. 
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Chapter 9 

Some Aspects of Contemporary Anglo-Saxon 

Philosophy of Technology

Fernand Doridot

Abstract: In the introduction, we will try to summarize the emergence of technology  
as a philosophical theme during the second half of the 20th century, and the gradual 
setting-up of a fi eld called “philosophy of technology”, especially in Anglo-Saxon 
countries (with authors such as Durbin, Mitcham, Ferré, Winner , Sclove , Feenberg ,  
…). Th en we will analyse the classical and historical positions in the philo sophy of 
technics and technology, particularly classical instrumentalism , techno logical deter-
minism , substantialism, and critical theory  in its diff erent divi sions. We will discuss 
more particularly some new expressions of Heideggerian substantialism, like Albert 
Borgman ’s theory of the device paradigm. Th is basis will allow us to analyse Andrew 
Feenberg’s attempt to conciliate technological essen tialism  and critical and construc-
tivist approaches, thanks to his concepts of double instrumentalisation , concretisation 
and diff erentiation. Finally, we will try to clarify the links between understanding 
the essence of technics and thinking how technics can be democratized, by opposing 
among others the “strong democracy ” of Sclove and the “deep democracy ” of Feen-
berg. In the conclusion, we will try to propose several paths for a conciliation of some 
divergent aspects of Anglo-Saxon philoso phy of technology dealing with the political 
nature of technology.

Introduction

Th e objective of this chapter is to present several aspects of contemporary An-
glo-Saxon philosophy of technology , notably in its relationship to other fi elds, 
such as philosophy of science and the more continental philosophy of technics. 
First, it is important to note that the emergence of a philosophical fi eld with 
technics as its principal objective is a fairly recent phenomenon. Don Ihde 
(1993: 38-46 — these pages have signifi cantly inspired our short introduction) 
remarks that, although authors such as John Dewey or Martin Heidegger  were 
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pioneers in the history of technical philosophy, their work was slow to be per-
ceived as likely to defi ne such a fi eld and as outlining two very confl icting op-
tions within this fi eld. Th erefore, it is doubtlessly only in the middle of the 20th 
century that technics and technology authenti cally emerged as philosophical 
themes; furthermore, this emergence debuted in a climate of mistrust with 
regard to the technical phenomenon: conse quently, authors such as Jacques El-
lul or Herbert Marcuse, whose views on technics were essentially negative and 
radical, were read a lot in the 1960s.

However, in the 1970s and the 1980s, and notably in the United States, a 
genuine explosion of philosophical work on technology  could be witnessed, 
as well as more optimistic and measured options. Th is explosion was initially 
due to preliminary sympathizers of Ellul and Dewey who later evolved: conse-
quently, although Paul Durbin is generally considered as the founding father 
of the “made in USA” philosophy of technology, the task of publishing Phi-
losophy and Technology: Readings in the Philosophical Problems of Tech nology 
lay with Carl Mitcham along with R.Mackey in 1972 (Mitcham and Mackey 
1972). Th e responsibility also fell on Mitcham and Mackey to develop a series 
of conferences (though sporadic at the start) on the theme of “philosophy and 
technology”. Th is theme began to formalise in the creation of a “Society for 
Philosophy and Technology” in 1983.

Among these fi rst works, many were initially linked to the more general move-
ment of program development (notably in teaching) in STS (“Science, Tech-
nology and Society”), which can be explained in a large part by reasons of 
sociological circumstances, to which we will have the opportunity to come 
back later in the chapter. Nevertheless, thanks to these early works, little by 
little, even the most traditional philosophy began to forge a more informed 
awareness of the technical phenomenon, which was consequently expressed in 
a series of landmark books.

Among these milestone works, Don Ihde cites Autonomous Technology by Lang-
don Winner  in 1977. In this book, with the eloquent subtitle: Technics out-of-
Control as a theme in Political Th ought, Winner, originally a theore tician and 
political philosopher, is undoubtedly the fi rst to provide a sys tematic approach 
to the comprehensive notion of technology  in the North-American context. 
Next, in 1978, came Man and Technology by Edward Ballard, then Th e Illusion 
of Technique by William Barrett (1978). Th e year 1979 saw the publication of 
Th e History and Philosophy of Technology by G.Bugliarello and Dean Doner. 
Th en, as the fi rst publication with regard to the domain of technics, in a series 
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initially consecrated to the philosophy of science, came Technics and Praxis: 
A Philosophy of Technology by Don Ihde (1979), and in 1981 An Analytical 
Philosophy of Technology by Fried rich Rapp — even if, originally published in 
German, this book remains marked by the Germanic tradition. From then on, 
numerous philoso phical books focusing on technology as their main object 
began to appear, with introductions such as Philosophy of Technology by Fred-
erick Ferré in 1998, and Philosophy of Technology, an Introduction by Don Ihde 
in 1993.

Yet, it was in 1990 that the fi rst North-American collection explicitly dedi cated 
to the “Philosophy of Technology” published its fi rst books, (and at the outset, 
in contrast to the older “Research in Philosophy and Technology” by Paul 
Durbin), with Heidegger ’s Confrontation with Modernity by Mickael Zimmer-
man (1990), John Dewey’s Pragmatic Technology by Larry Hick man (1990), and 
Technology and the LifeWorld by Don Ihde (1990). In the meantime, as other 
important contributions to the fi eld, appeared Technolo gy and the Cha racter of 
Contemporary Life by Albert Borgman  in 1984, and in 1986, the second book 
by Winner : Th e Whale and the Reactor.

Finally, among the most recent North-American publications, there are seve ral 
that should be cited: Democracy and Technology by Richard Sclove  in 1995, 
and Andrew Feenberg ’s books Critical Th eory of Technology (1991), Alternative 
Modernity (1995) and especially Questioning Technology (1999). Th is last work 
was considered as critical from the moment of its publication. First of all, it 
proposes a summary and a very precise compari son of a large number of works 
consecrated to technics, in the continental as well as in the Anglo-Saxon tra-
dition. Alternatively, it constitutes a sort of manifesto of the “made in USA” 
philosophy of technics by defi ning, in –detail, the principal characteristics of 
its approach, and by thoroughly analysing the particular nature of this ap-
proach.

In the following, we will try to outline the principal characteristics of this col-
lection of works, of which certain aspects will be developed more pro foundly. 
Feenberg ’s last book will serve as the general guiding principle, and we will 
progress with him, all the while taking care to develop or criticize certain of 
his positions when necessity calls for it.
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From Instrumentalism to Critical Th eory: a Historical Typology of 
the Philosophies of Technics

To begin, let us observe, along with Don Ihde (1993: 46), that the Anglo-Saxon 
philosophy of technics distances itself from the Anglo-Saxon philoso phy of sci-
ences by its overall tone. Indeed, 20th-century philosophy of sci ence, at least in 
the United States, was aligned with the tradition of logical positivism and was 
dominated by trends that were becoming more and more analytical. On the 
contrary, the philosophy of technics has often remained inspired by theories as 
diverse as phenomenology (notably Heideggerian) and Dewey’s pragmatism, 
or by political traditions inspired by the belated work of Wittgenstein, by neo-
Marxism, or even by certain theological views: in short, by a general tradition 
of the “philosophy of Praxis”, which gives it its own originality and contributes 
to the structuring of the fi eld.

As a result, the fi rst characteristic that distinguishes the group of Anglo-Saxon 
works on technics is that they recognize technics as an object that is typically 
social, in the sense that it is created by and for society . Th e second character-
istic, shared by the majority of these works, is that they equally acknowledge 
technics as a political object, in that it is also an instrument of power like any 
other, and furthermore particularly eff  ective. In this respect, one of the tasks 
of the philosophy of technics will be to refl ect upon the modalities of applying 
to technics the democratic de mands that are already being exerted on other do-
mains of power in our so cieties. However, it turns out that technics possesses 
characteristics that dis tinguish it from traditional powers, and in this respect, 
its democratisation will not be able to come about in accordance with custom-
ary political modes. Th erefore, numerous works will fi rst strive to provide a 
preliminary refl ection on the essence or nature of the technical object, thought 
of as a “socio-technical” object, which will shed light on the modalities of its 
demo cratisation. Th is update could occur by identifying the relationships that 
unite technics and society. In general, this analysis could be done along two 
axes. 

We will proceed fi rst (1), by trying to determine the exact share of social com-
ponents in the laws that govern the development of technics, between the two 
extremes which are (1a) the absolute autonomy of technics and (1b) society ’s 
absolute control over technics. Secondly (2), we will try to discern the nature 
of the possible impact of technics on society, between the two extremes which 
are (2a) the absolute neutrality of technics, and (2b) the profound modifi ca-
tion of societal values due to technics. (Th e underlying idea thus seems to be 
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that the nature of the socio-technical object is determined by the knowledge 
of both the social causes of its development and by the social consequences of its 
existence). Feenberg  invites us, by way of preamble, to reconstruct the whole 
range of possi ble conceptions of technics along these two axes. In this respect, 
he believes he can identify four major traditions which are determined by their 
position along these two axes and successively represented in history ac cording 
to the following diagram (Feenberg 2004:32):

TECHNICS Autonomous Controlled

Neutral Determinism
(e.g. traditional Marxism)

Instrumentalism
(liberal progressism)

Containing values Substantialism (means and 
ends form a system)

Critical theory (choice 
of means/end systems)

A. Instrumentalism

First of all, “instrumentalism ” is undoubtedly the oldest and most natural con-
ception of technics, and it comes closest to familiar common sense. Accor ding 
to instrumentalism, technics is only a neutral means; it is an instrument or a 
tool that is controlled and developed by man to achieve his ends without par-
ticularly aff ecting human nature. Th e technical object is thus contingent in its 
confi guration and capable of serving any end desired by its designer. Accord-
ing to Winner  (1995), this is the concept that has marked the modern period: 
therefore, although technics began to be taken seriously in social studies (nota-
bly at the time of the publication of l’Encyclopédie by Diderot and d’Alembert), 
the opinion was more or less divided among thinkers of the great poli tical 
tradition, be it Hobbes, Rousseau or Locke. In particular, they often continued 
to consider technical activity in simple economic terms, and to relate it solely 
to aspects of the private life of citizens. Because of this, they did not question 
the subject of technics in relation to rights and responsibili ties.

B. Determinism

Next, Feenberg  (2004: 24) characterises “technological determinism ” as emerg-
ing with the historical tendency of the 18th and the early 19th centuries. By the 
end of the 19th century, and under the infl uence of Marxist and Darwinist 
theories, technological determinism defi nitively culminated in the idea of hu-
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manity’s indefi nite progress (humanity thought of as a whole without any real 
recognition of cultural diff erences), of which technics promised to be the surest 
guarantee. Considered from this angle, technics is then only a neutral means 
oriented towards the goal of accomplishing man’s natural ends; which ends are 
directly dictated to man by his biological makeup. In this sense, technics is 
therefore autonomous, its progress only obeying the laws of nature, which are 
also the laws of humanity.

Let us note that this position resembles traditional Marxism. In fact, although 
Marx considers technics as a central and formative moment of the social-his-
torical world from the time of his early manuscripts, he ends up by evolving 
towards the conception of history (inherited from Hegel) as a real progres sion 
in rationality. Correlatively, he conceives of technics as a simple in strumental 
mediation between a rational and “mouldable” nature on the one hand, and 
human needs on the other. In particular, Marx no longer calls into ques tion 
the objects or the means of capitalist production, but simply the appro priation 
of one and the other and the capitalist misappropriation of technical effi  ciency 
(faultless in itself) to the advantage of a particular class. Th e re sulting vision 
is one where technics is positive in all aspects and only awai ting the human 
takeover of the control of its operations.

C. Substantialism

Feenberg  (2004: 25) then presents “substantialism” as originating from a scis-
sion within traditional determinism . In fact, at the end of the 19th and the 
beginning of the 20th centuries, when the growing success of technics made its 
impact on social and political life more apparent, two new possible posi tions 
concerning technics emerged. On the one hand, technocracy appeared: in view 
of a technics that was considered autonomous, the leeway of human manœu-
vre is considered as derisory. From this moment onward, man only needs to 
position himself so as to always be ready to listen to technical necessity and to 
replace public debate by technical expertise. It is in this way that the “end of 
ideologies” could be announced in the 1950s and the beginning of the 1960s, 
even if the idea no doubt goes back to Saint-Simon (Feenberg 2004: 25).

On the other hand “substantialism” emerges. In relation to the romantic tra-
dition, technics is perceived as conveying a sense that largely surpasses sim ple 
instrumentality, and technical development is seen as radically aff ecting the 
sense of what is human. Substantialism preserves the idea of the autonomy of 
technics: in particular, certain forces, which turn out to be paramount in the 
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development of technics, are unveiled little by little along the axes that pos-
sess a proper logic. But at the same time, substantialism assigns the idea that 
technics is not neutral, in the sense that the transformations resulting from its 
advent profoundly aff ect the sense and nature of our existence. In par ticular, 
substantialism often added a very pessimistic hypothesis to deter minism ; ac-
cording to this hypothesis, “technics is fundamentally oriented towards domi-
nation” (Feenberg  2004: 26), progress in itself only being capa ble of making 
things worse. In this sense, substantialism is essentialist.

According to Feenberg , the most famous representatives of substantialism were 
doubtlessly, and with numerous nuances, Martin Heidegger  and Jacques Ellul. 
Th eir diagnosis was rarely questioned, in a universe where our position was 
losing its footing, or even where, as Marshall Mac-Luhan puts it, “technics 
has made us into the sexual organs of the mechanical world” (McLuhan 1964: 
46). Heidegger developed these themes starting from his own metaphysics. As 
for Ellul, he particularly insisted on the over lapping between the means and 
the ends within the “technical system”. For him, there is no sense in separat-
ing them, as in determinism . Furthermore, there is no point in maintaining 
that technics is only a grouping of neutral means to reach an end, which is the 
progress of man, or at least a grouping of means subordinate to objectives that 
are not dependent on them. On the contrary, every means has its own eff ects 
that deserve to be taken into con sideration when the techniques concerned are 
being put in place.

Let us note, along with Feenberg, that substantialism counts certain contem-
porary American philosophers among its emulators. Albert Borgmann in par-
ticular can be regarded as one. In Technology and the Character of Con temporary 
Life (1984), Borgmann developed, under the name of “Th e Device Paradigm”, 
an analysis of the principle of effi  ciency upon which our technical society 
founds itself. Human action submitted to “the device para digm” reveals it-
self capable of an unforeseen effi  ciency, and in this way emancipates mankind 
from a considerable number of problems, waste of time and dangers. Th is pro-
cess, by separating possessions and goods pro duced by the technique from the 
contexts and means in which they are availa ble, has nevertheless the major 
disadvantage from diverting man from what Borgmann calls “Focal Th ings”. 
Th ese “focal things” correspond particu larly to the unifying activities around 
which social gathering traditionally took place. (Th e traditional home, a cen-
tral point in a network of commonplace activities necessary for its preserva-
tion, was thus the materialized symbol of a general cohesion whose durability 
modern heating techniques, anonymous and from invisible sources, no longer 
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guaranteed). Borgmann extended these analyses to the case of the computer in 
Crossing the Post modern Divide (1992) by highlighting the loss of involvement 
in social rela tionships brought about by the use of computers, even though 
they facilitate and speed up communications. It is therefore a loss of all “au-
thentic relation ship to the being” that Borgmann denounces in the excessive 
development of techniques; an analysis that follows along the same lines as the 
Heideggerian critique.

D. Critical Th eory

Substantialism was fi nally replaced by “critical theory ”, in which Feenberg  
places himself. Critical theory regroups, with numerous nuances, the princi pal 
representatives of Anglo-Saxon (and especially American) philosophy of tech-
nics. Feenberg recounts the historical evolution of this philosophy (Feenberg 
2004: 27-29), notably through the popular movements during the 1960s and 
1970s in the USA: under the eff ect of the rise of an arrogant technocracy (es-
pecially during the Kennedy and Johnson administrations with their “techni-
cal” treatment of events such as the Vietnam War), a public hostility towards 
technics began to spread, which contrasted with the initial op timism sparked 
by the development of nuclear energy or the space program. However, if this 
hostility takes up elements of substantialism, it does so in a more social and 
democratic line, and from then on, manifests itself as more optimistic with 
regard to our capacities for action. 

Certainly technics is not neutral, it constitutes a lifestyle and a form of power. 
Nevertheless, it is not truly autonomous: in fact, it is especially through the so-
cial organisation on which it relies that technics conveys a form of domination. 
Consequently, one cannot speak of the timeless nature of tech nics, and one 
can hope to reconstruct it so that technics plays other roles in diff erent social 
sytems. Th is position is shared, with numerous nuances, by American thinkers 
such as Langdon Winner , Don Ihde or Richard Sclove , as well as by European 
continental thinkers such as Marcuse, Habermas or Foucault, who developed 
the position along the lines of what Feenberg  calls a “leftist anti-utopianism” 
(Feenberg 2004: 29). Such a conception borrows a little from common sense, 
according to which technics would only be a means capable of serving any end. 
Th e diff erence is that, for them, the means and the ends necessarily overlap 
and form diff erent systems of means/ends among which controlled choices 
remain possible: subsequently, thanks to human action, one can hope for the 
opening up of technics to “al ternative developments bearing diff erent social 
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consequences” (Feenberg 2004: 30), and depending on democratically made 
choices.

In a very general way, Feenberg also associates this tradition with the “social 
constructivism” movement – such as illustrated in Bijker, Hughes and Pinch 
(1987) and in Bijker and Law (1992). For its defenders, society conditions not 
only the rhythm of progress, but also the nature of the technique itself by only 
permitting, among the whole set of possible forms of a new technique, the 
updating of those which will have benefi ted from support in the social envi-
ronment concerned. At the outcome of this tacit social choice, a “closing” of 
the product occurs, giving birth to a “black box”. Th is “black box” will only 
be considered as a simple technical object originating from a rational process 
to respond to a need, and whose social contingency dimension will be ra pidly 
forgotten, even denied. By promoting the “ope ning” of the black boxes, con-
structivism encourages updating the alliances and social interests whose tech-
nical functions are in fact only crystalliza tions. But, for numerous American 
philosophers lacking a political criti que of techniques, the interest of these 
approaches has remained limited by their rather narrow empiricism, by their 
local character, and by their lack of con sideration for strictly political contexts 
of the elaboration of techniques. 

Th e Essence of Technics and its Socio-Cultural Appropriation: 
Feenberg ’s “Double Instrumentalisation” and the Signifi cation of 
Technical Evolution

In view of the plurality of these theories, one of the merits of Feenberg ’s con-
tributions will be to propose a unifi ed interpretation of technics which could 
reconcile the aspects that come under the timeless essence of technics, and their 
eminently social component. Th is exercise attempts to incorporate the answers 
to two questions: what does technics signify? (a question that the substantialist 
approach had a tendency to make its own). And: who makes technology,  how 
and why? (a question that the constructivist ap proach had a tendency to make 
its own). Feenberg will accordingly propo se a framework that is unique on 
two levels. Th e fi rst element of this frame work will integrate a philosophical 
defi nition of the essence of technics, and the second will ally itself with pre-
occupations that are particular to social sciences (Feenberg 2004: 193). Th is 
distinction clarifi es two diff erent yet comple mentary aspects of the essence of 
technics that Feenberg proposes to depict as two particular forms of instrumen-
talisation : the theory of primary instrumentali sation will account for the func-
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tional constitution of technical objects and subjects, as it takes place identically 
in every social and cultural context. Th en, the theory of secondary instrumen-
talisation will account for the upda ting of objects and subjects in networks and 
concrete and particular devices (Feenberg 2004: 193). Each of these phases of 
instrumentalisation will comprise two poles: one will be concerned with the 
transformations per formed on the technical object (objectifi cation pole), and 
the other with the transformations performed on the subject (subjectifi cation 
pole). In addition to this, each of these two poles will be carried out in two very 
distinct opera tions.

Primary Instrumentalisation  (= Functionalisation)

Th e “Objectifi cation” Pole
It fi rst comprises “decontextualisation”, which consists in isolating the object 
from its context so that its technical potentiality can be revealed. Next, comes 
“reduction” which consists in separating the object’s “primary qualities” (those 
which will be directly useful for the technical program in which the object will 
be inserted) from its “secondary qualities” (the ob ject’s other potentialities, 
which could have often been the most signifi cant in its pre-technics history). 
It is in this last operation that Feenberg  believes to have found what Heidegger  
called the “inspection” of technics, which consists in reducing the reality of an 
object to its most abstract primary qualities (Feenberg 2004: 195).

Th e “Subjectifi cation” Pole
Th is pole is foremost composed of the principle of “autonomisation”. Feen berg  
metaphorically describes this as a loss of the Newtonian mechanics’ principle 
of action/reaction, in that the reaction received by a technical subject from the 
object on which it is working is always very weak in relation to the intensity of 
the exerted action. Next comes the principle of “positioning”, which illustrates 
Bacon’s adage. According to this adage, in order to command nature one must 
obey it, in the sense that succeeding in getting something out of a technical 
system implies a form of passivity and respect for its general laws, which is never 
exempt from renunciation (Feen berg 2004: 196).

Secondary Instrumentalisation  (= Realisation)

Once a technique has emerged, it will be able to function authentically only by 
its integration within a framework; a framework which Feenberg  descri bes as 
natural, technical and social at the same time (Feenberg 2004: 196). Yet, this 
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operation cannot happen without the reactivation of certain dimensions that 
the primary instrumentalisation  had abstracted. Th is is why Feenberg fi nds 
here four operations symmetrical to the preceding ones.

Th e “Objectifi cation” Pole
Th is pole is composed of “systemisation”, by which technical objects fi nd 
themselves registered or “enrolled” in a system or network, and also of “me-
diation”, which consists in attributing certain moral and aesthetic values to 
the object, permitting it to be integrated in its new social context (Feenberg,  
2004: 197). Th is mediation can happen in very diff erent ways in traditional 
and modern societies. For example, it is through “mediation” that a particular 
form of feather takes on a symbolic attribute on an Indian chief ’s headdress, or 
that the sword of a member of the “Académie Française” diff ers from a simple 
weapon.

Th e “Subjectifi cation” Pole
Th is pole is constituted by the “calling” that can be experienced or felt for a 
particular technical activity. Feenberg  sees in this sentiment a form of retroac-
tion of tech nics on its user, which compensates for the previously described 
“autonomisation”, and which ensures a deep commitment on the part of the 
subject as regards its object. Next comes “initiative”, which technical subjects 
must and can demonstrate. With its possibilities of tactical action, “initiative” 
somewhat compensates for the eff ects of the previously de scribed strategic “po-
sitioning” (Feenberg 2004: 198).

It can be understood that, all in all, the secondary instrumentalisation  constitu-
tes for Feenberg  a type of metatechnical and refl ective practice (Feenberg 2004: 
199). Nevertheless, it deserves to be integrated in the very essence of technics 
(contrary to what the “essentialists” like Heidegger  had thought), in the sense 
that this phase was always present each time technics could have been spo-
ken about throughout the course of history. Th e only things having evolved 
throughout history are, according to Feenberg, the modes of structu ring these 
two instrumentalisations. In this respect, he proposes a recon struction of the 
diff erent periods of the history of technics according to the se modes. In any 
case, it is the whole historical dimension of technics that the essentialists ne-
glected, which does not manage to cover up the only rough distinction be-
tween “tradition” and “positivism”.

But Feenberg  criticizes even more deeply essentialists like Heidegger  or even 
Habermas for having misinterpreted the sense of technical evolution and for 
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having replaced the traditional criteria of progress (such as the in crease of pro-
ductivity) with social diff erentiation, which he identifi es ex actly with his diff e-
rentiation between the primary and secondary instrumen talisations (Feenberg 
2004: 201). For them, historical evolution happens in the sense of a more and 
more radical separation between the constitution and the profound nature of 
the technical object, and its access to a social function (which is also more 
and more artifi cial and contingent). Th ey particularly defended the idea that 
all the technical mediations previously mentioned had lost all their concrete 
links to reality in modern times. For example, art no longer makes up an inte-
gral part of technics, but is added a posteriori: while the Parthenon’s columns 
contributed to its technical conception, today co lumns are grafted on modern 
building facades to embellish them once the main work is fi nished (Feenberg 
2004: 201). 

In the same way, “today, moral values regulate technics from the outside, by laws, 
and are no longer internal to technical practice” (idem). For essentia lism , this 
presents the reasons for a fundamental pessimism regarding our means of ac-
tion on technics, and a solution can only be glimpsed by the re gression to 
periods before diff erentiation, without any other possibility of harmonisation 
between these two sides of technical experience.

Now, this is exactly what Feenberg  is challenging. For him, diff erentiation 
is certainly a reality that cannot be ignored, but interpreting it as a divorce 
is an exaggeration. Besides, according to him, it is a very revealing symptom 
of the undeniably social dimensions of technics for the essentialists to have 
chosen diff erentiation as a criterion for evolution. Involved is an illusion that is 
socially necessary, and which Feenberg does not hesitate to accuse as technolo-
gical fetishism (Feenberg 2004: 202-206). In view of this illusion, Feenberg 
encourages us to recognize that the two sides of the technical object, which 
diff erentiation brings up to date, are inseparable and always go together, in 
a way that “technology  always incorporates the defi nition of its possible social us-
ages” (Feenberg 2004: 202). And it must be understood that it is precisely this 
property that, in Feenberg’s eyes, must make us more optimistic about our 
capacities of action on technics. Indeed, insofar as every technological process 
is always accompanied by a secondary instrumentalisation , the ad vent of a new 
technique never happens without a call to the interpretive ca pacities of the 
people it involves. As a result, these people always retain a margin of freedom 
to infl uence technics, to withstand its possible reifi ed aspects, and more gener-
ally, to watch over the defence of their interests.
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In view of the essentialist interpretation, Feenberg  will try his best to defend 
a rival conception of progress, one that is more constructivist and that de-
monstrates the links that continue to exist between the two sides of technics. 
And it is the concept of “concretisation ”, borrowed from Gilbert Simondon  
(1958), that will provide him with the material. Feenberg interprets this con-
cept as relative to the “elegance” of technical objects that combine several func-
tionalities – for example the air-cooling motor, where the unit containing the 
pistons also allows for the absorption of the heat produced, without the need 
for a separate cooling system (Feenberg 2004: 211). 

Simondon  (1958) tried to show that technical evolution happened in the sense 
of such condensations, and often aimed at obtaining functio nal compatibili-
ties. But this interpretation only interests Feenberg  if it is extended to politi-
cally signifi cant examples. As we have seen, one of the major lessons of social 
constructivism is that a technical function always corres ponds to a crystallised 
social interest. Consequently, “by uniting many func tions in a single structure, the 
concretizing innovations, more than just off  ering simple technical improvements, 
gather together social groups around artefacts or systems of artefacts”. In a way, 
“concretization  does not only refer to the improvement of effi  ciency, but also to the 
positioning of technics at the intersection of aspirations and multiple perspectives” 
(Feenberg 2004: 212-213). And Feenberg illustrates this interpretation with 
diff erent ex amples. Not to be forgotten are the examples of AIDS treatments 
(whereby associations succeeded in obtaining experimental tests on people in-
fected with the disease, despite the primary interests of scientifi c research and 
in dustrial development), and of the French Minitel (where the actions of com-
puter pirates and ordinary users allowed for the transformation of the Minitel 
into a means of communication, in contrast to the primary objectives of its 
de signers who only envisioned an information processing system). In these two 
cases, diff erent interests combine in multi-functional socio-technical systems 
and determine their evolution (Feenberg 2004: 214).

In the end, it is understood that, for Feenberg , emphasizing the concretisation  
that Simondon  spoke about is a way of denouncing the illusion of diff erentia-
tion: technical realisations are always concretised forms and in corporate several 
functions, such as the group of functions relative to the two instrumentalisa-
tions. Highlighting concretisation, and understanding it, is in a way helping 
to take technics and its development back in hand. To conclu de, Feenberg fur-
thermore attributes the social dispossession of technics and the accompanying 
illusion to economic/short-term/temporary events, and in particular to trium-
phant capitalism , whose hegemony can be secured only by such mystifi cations 
(Feenberg 2004: 219-220).
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Democratizing Technics: Strong Democracy versus Pro found De-
mocracy

Once the nature of progress and of the technical object has been specifi ed, the 
problem of the possible democratization of technics can be approached in dif-
ferent ways. Certainly, all the American thinkers of technics tend to consider 
that technics is a power like any other, a subject that can be ques tioned along 
the most classic lines of political philosophy (should power be centralized or 
dispersed, what is the best size for social organizations, etc.?). Nevertheless, 
not everyone agrees on the question of knowing whether the specifi cities of 
the technical object authorizes approaching the problem of its democratization 
with traditional categories of political thought.

Political thought has long opposed the two extreme systems of representative 
democracy  and direct democracy . Possible alternative theories have nonethe less 
materialized, pleading for participative politics based on local collective action. 
Certain people, such as Benjamin Barber whom Feenberg  references (Barber 
1984), defended these theories in the name of “strong democracy ”. And from 
a certain point of view, it can be considered that ideas, such as those put for-
ward by Richard Sclove , represent an attempt to apply this concept of “strong 
democracy” to the domain of technics.

Sclove ’s ambition, such as it appears for example in Democracy and Techno-
logy (1995), is actually not to suppress the representative institutions, but to 
add participative structures to them with the objective of a collective piloting 
of technological innovation. His diagnosis is that scientifi c and technological 
decisions, frequently left in the hands of the market, research ers or bureau-
crats, too often escape the representative sphere. And yet tech nical systems, 
by crystallizing social relations, by contributing to their reproduction and by 
incarnating them in material confi gurations, are in fact au thentic political 
structures that open and constrain choices about life and organization that a 
society  creates for itself.

From then on, it is a question of increasing the autonomy of local communi ties 
in the decision of the choices that will concern them. Nevertheless, Sclove  is 
not satisfi ed with institutional or procedural innovations. For him, in addition 
to having been chosen democratically, a technology  is democratic only insofar 
as the technological order that it embodies is compatible with or even favours 
social relations of a democratic kind. In this regard, he presents the Amish  
society  as a true paradigm (Sclove 2003: 9-14). Th e Amish, contrary to current 
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caricatures, do not reject all modern technology, and have taken social change 
into account. For example, they sometimes charter buses with drivers or use 
electronic calculators. On the other hand, they have insisted on continuing 
to decide on their evolution in full conscience. And for this reason, following 
a public discussion and a democratic consultation, they have cho sen to only 
authorize the adoption of techniques which do not aff ect the community as 
a whole and which preserve both their religion and the “harmony of their 
rela tionship with nature” (Sclove 2003: 10). Th is is what leads them to forbid 
the personal possession of automobiles, telephones, radios and televisions, the 
use of tractors in fi elds, electric wiring linking houses and private buildings to 
the networks of private energy providers, etc … as likely to seriously en danger 
their collective way of life.

In comparison, Sclove  proposes to equip democracies with criteria permit ting 
them to gauge the compatibility of techniques that they plan on adopting (or 
designing) with their functioning principles. He also suggests a list of such 
criteria in Democracy and Technology. Th ese criteria are organized in diff erent 
categories calling respectively “for a democratic community”, “for democracy  
at work”, “for democratic politics”, “for a democratic self-gover nance”, and 
“for durable democratic social structures” (Sclove 2003: 91-134). Th ese criteria 
have been found to “avoid technological practices de void of interest, debilitat-
ing, or alienating autonomy in one way or another”, and to “seek out a relative 
local self-suffi  ciency” (Sclove 2003: 95-96).

As attractive as these propositions may appear, we must nevertheless recog nize 
the limits that can be perceived rather quickly. As the Amish  example shows, 
they at fi rst seem to preferentially concern the importation, by an autonomous 
society , of techniques already developed and tested by an exte rior society. Th ey 
also seem to turn out to be much less practical if one tries to insert them within 
the long process of testing and eff orts necessary for the success of an authentic 
technical innovation. On the other hand, Sclove ’s positioning is often ideal, 
more so in the tradition of an a priori refl ection on the world than in that of a 
pragmatic improvement of concrete elements im posed by reality.

As for Feenberg , he devotes a detailed discussion to Sclove’s work (Feen berg 
2004: 113-117), and recognizes him at least for having taken into ac count a 
phenomenon that Dewey had himself well analysed (Dewey 1980): the group-
ings of individuals constituted by specifi c technical mediations and capable of 
acting in the sphere of large-scale technical systems are usually too fragmented 
to be politically active and powerful, and do not coincide with local communi-
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ties which are active forces in traditional democratic par ticipation. By propos-
ing to adapt technics itself to local control by a political decision, Sclove  is thus 
proposing an ambitious solution to this problem of incompatibility.

Nevertheless, in view of the uncertainties surrounding the possibility of it be-
ing put into practice, Feenberg  considers it useful to deepen the analysis of 
the problem of public representation in the sphere of technics. His originality 
lies in trying to highlight what could distinguish it from local repre sentation, 
which is the principle of traditional democracy . Usually, the more geographi-
cally spread out a society  is, the more it feels the need to develop forms of local 
representation. And yet, according to Feenberg, it is a diff e rent case when it 
comes to technics and its associated power. In this domain, the complexity of 
the techniques being considered plays a determining role: simple techniques 
will often remain under individual control and thus some times give birth to 
forms of direct democracy  (such as in pre-modern socie ties) despite large geo-
graphical extensions (Feenberg 2004: 118). For him, the temporal variable is 
thus much more pertinent than the spatial variable in the analysis of power and 
of representation of technics. Furthermore, the geogra phically localized ac-
tions of the past do not have any signifi cation in the domain of technics. Th ey 
only fi nd an equivalent in the actions that stand out against the background of 
“technical networks” (such as those mentioned by Latour and Callon) which 
express groupings of technical interests and are naturally formed with time. 
Similarly, in the domain of technics, social and political claims are embodied 
in “technical codes” that “crystallise a certain balance of social powers” (Feen-
berg 2004: 123) which are also formed with time. 

For Feenberg , the way to a more democratic representation in the domain 
of technics could only be that of a transformation of technical codes and of 
the edu cational process that inculcates them. Th is can happen for example 
through the intermediary of dialogues, controversies or appropriations that 
Feenberg regroups under the term of “democratic rationalizations”. In the same 
way as e.g. Habermas’ demonstration (1996), only a participative administra-
tion could curb the trend towards the transgression of legitimacy naturally in-
scribed in the heart of the administration; only such “rationalizations” accord-
ing to Feenberg could restore legitimacy to techni cal choices while extending 
the means of technical participation (Feenberg 2004: 126). For Feenberg, it is 
thus insuffi  cient, and moreover largely illuso ry, to put high democratic hopes 
in procedures such as citizen forums, public debates or electronic meetings of 
consumers. Furthermore, it is greatly illu sory to hope, as Sclove  does, to be able 
to adapt technology  to a traditional form of local control. 
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Rather than a “strong democracy ”, Feenberg  speaks for a “profound demo-
cracy ” that provides itself with the means of a collective rationalization and, 
in the long term, of technical codes. Th is type of democracy  has everything to 
gain from the rediscovery of certain forms of collective action, such as collegi-
ality, corporatism, or electivity in technical institutions, the decline of which, 
according to him, can only be explained by the unprecedented advent of capi-
talist ideology (Feenberg 2004: 128).

Conclusion

Pursuant to this study, an attempt can be made to advance several elements 
that constitute the common basis of many contemporary American philoso-
phers’ approach to technics. Encouraging a “taking back of control” over the 
development and usage of technics, conscious of its profound impact on the 
functioning of the whole society, over our representations, over our hu manity 
as well as over our collective mode of behaving, their overall tonality remains 
optimistic and furthermore aims to promote a realisation and reorganisa tion of 
our means of action, rather than a condemnation of contemporary progress or 
a regression to a past era. Wanting to situate, with varying degrees, the terrain 
of critique within the political arena, they diff erentiate themselves especially 
according to the chosen paths for this repoliticization, between the reinvest-
ing of classical structures and the ad hoc creation of authorities adapted to a 
more democratic control. Th e failure to take the responsibility for a carefully 
considered and responsible policy of technical innovation based on the logic 
of the market and on competition is denounced; but this point is tempered by 
the faith in the self-regulation by users of technics, and in their own capacities 
to resist a logic imposed from outside. Between brilliant philoso phical exercises 
and a militant discourse, their endeavor to fi nd an original position which, 
in the absence of radical or defi nitive solutions, at least provides an analysis 
bound by the complex lines connecting techniques, po wers and societies.
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Chapter 10

Th e Philosophies of Pragmatism  and the Relations 

between Th eory, Practice and Technology

Sylvain Lavelle

Abstract: Pragmatism is both an ordinary attitude concerned with ‘sound reality’ 
and a philosophical doctrine developed in America by the ‘founding fathers’ (Peirce, 
James, Dewey, …) and taken over by their contemporary heirs (Rorty, Putnam, …). 
Pragmatism as a philosophy of cognition and action was severely criticized by some 
European philosophers, such as Popper or Russell, who disdained it as a ‘philosophy 
for engineers’. Now, it is worth asking whether pragmatism may be a set of relevant 
philosophies for a technological culture and civilization, knowing that its philosophi-
cal core lies in the primacy of experience and in a new relation of theory and practi ce. 
In fact, the pragmatism of John Dewey stretching from logic to ethics and politics 
produces a signifi cant contribution for a philosophy of technology concerned with the 
issues of research, responsibility and democracy. 

Introduction 

It is rather usual in philosophy to institute a demarcation between the ‘theo-
retical’ fi eld (science, cognition …) and the ‘practical’ fi eld (morals, action …). 
Th is division, inherited from ancient philosophy, was taken over in modern 
time by Kant, the founder of the critical philosophy, who attempted to separate 
the various fi elds according to their specifi c criteria of validity. Th us, the ca-
pacity to know the trajectory of a body (for example, a one-ton missile) thanks 
to science does not inform in any way about the obligation to act in order to 
achieve a goal (for example, bombing a school) according to morals. It is one 
thing to say what things are, it is another to say what things may be, it is still 
another to say what things should or ought to be. 

Hence the demarcation between the theoretical polarity supposedly extrinsic 
with the dimensions of action (intention, obligation, utility, responsibility …) 
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and the practical polarity supposedly extrinsic with the dimensions of cogni-
tion (explanation, prediction, truth , probability …). Th is demarcation between 
theory  and practice , between knowing and acting, does not throw much light 
on the statute of technology, which seems to belong to the two domains, or 
at least, to allow a passage from one another. Th e French philosopher Comte 
defi ned the engineer as ‘the organizer of the relations of theory  to practice ’, by 
sugges ting that technique was precisely the occasion of such a passage be tween 
knowing and acting. It is important, however, not to mix up the mea nings of 
the words used by the philosophers, because if, for Comte, the prac tice can 
refer to the technical action, for Kant, it tends to merge strictly with the moral 
action. 

Th e doctrine of pragmatism (from the Greek pragmata, acts) had the merit of 
having directed philosophy from the theoretical side, in which it was enclo sed, 
towards the practical side. Pragmatism is often presented as the ‘philoso phy 
of America’, on the one hand because it was developed through the 19th and 
the 20th centuries by American philosophers, on the other hand because it is 
supposed to express the American spirit, more concerned with action than con-
templation (Hegel, Tocqueville). Th us, according to the philosophy of pragma-
tism, hostile to any speculation exceeding the limits of experience , the whole of 
the human thoughts or activities, including the ‘theoretical’ disciplines, must 
be considered according to their relation to practice. In this respect, science, 
supposedly oriented by the search for truth , is considered, as far as its signifi ca-
tion and its validation  are concerned, according to the crite ria, the conditions 
and the limits of action. Th us, pragmatism constitutes after Kant, in the wake 
of Marx, the thinker par excellence of practice, one of the fi rst methodical at-
tempts in philosophy to establish an explicit relation be tween cognition and 
action: for pragmatism, knowing is acting. 

Th is inclination for practice is more or less at the origin of a certain contempt 
posted in Europe by some representatives of philosophy with regard to prag-
matism. Th e latter, indeed, was shown by Russell  to be a ‘philosophy for en-
gineers’, and was caricatured thereafter in the philosophical sentence: ‘what is 
true is what is working’. In addition, a less philosophical contempt has arisen 
from confusion between the scholar doctrine and the vulgar doctrine. For the 
latter, action should be exposed to the sanction of the sole ‘reality’, regardless 
of the ideals which could possibly encourage with the transforma tion of the 
so-called ‘reality’. Basically, the accusation of being a ‘philosophy for engineers’ 
calls for an evaluation of pragmatism, particularly for an activ ity (technology) 
which seems to share its valuing of the practical criteria of action or utility. 
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In order to investigate the special relation that this philo sophy introduces be-
tween theory and practice, and the special statute that it holds for technology, 
it may be relevant to take up, as a discussion thread, the traditional triptych 
‘theory -practice-technique’, which echoes the ancient triptych ‘theoria-praxis-
tekhne’. But, then, one would better admit that pragmatism is a much more 
complex and subtle philosophy than it may seem at fi rst sight. It should rather 
be thought of as a set of philosophies of pragmatism. First, it is neces sary to intro-
duce some of the fundamental theses of pragmatism illustrated by its founding 
fathers (Peirce /James /Dewey ), by its heirs (Rorty /Putnam ), but also by its crit-
ics (Russell /Popper ) (Pragmatism as a philosophy). It will then be advisable to 
concentrate on one of its most remarkable repre sentatives, John Dewey, who, 
during a long life and through an abundant work, covered most of the fi elds 
from logic to politics (Pragmatism from logic to politics). Lastly, the examination 
of Dewey’s pragmatism as a contri bution to a philosophy of technology will 
give the opportunity of a refl ection on the stakes and the limits of technology 
(Pragmatism: a philosophy of technology?). 

Pragmatism as a Philosophy 

Initially, pragmatism was conceived by its founder Charles Peirce as a method 
of philosophy permitting to avoid the pitfalls of too speculative a way of think-
ing, standing too far from the realities and the capacities of the human prac-
tice . However, this doctrine particularly concerned with the is sues of truth  and 
reality has produced multiple historical developments which question its unity 
both as a method and as a philosophy. 

A Method of Philosophy 

Th e philosophy of pragmatism initiated by Peirce attempts to develop a me-
thod which enables us to ‘make our ideas clear’ and to avoid some confusions 
entailed by the common or philosophical reasoning. Th e doctrine of pragma-
tism since the beginning has always maintained a narrow relationship be tween 
the exercise of rational thinking and the eff ects which experience  al lows for 
observing. Th e overall doctrine articulates two major requirements: (1) Th e 
validity and the defi nition of a concept (e.g. a circle, a comet, a cus tom) are 
linked to the observable eff ects belonging to our conception of the object. (2) 
Any correct philosophical idea of them is linked to the interests involved into 
their defi nition. Th e essential pragmatist rule  for Peirce is thus the following 
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one: ‘Consider what eff ects, which might conceivably have practical bearings, we 
conceive the object of our conception to have. Th en, our conception of these eff ects is 
the whole of our conception of the object’ (Peirce 1878: 266). In other words, if a 
man or woman conceives of the phe nomenon of bodies falling on the ground 
as an eff ect of the law of universal gravitation, he or she must be able to exhibit 
the practical eff ects carried out by this conception. Th us, he or she must be able 
to show that if a body is released at any place on the planet Earth, it falls on the 
ground; and he or she should be able to show a similar outcome for any other 
planet of the solar system. Gravity, then, as a concept is nothing more than the 
set of practical eff ects observable by men and women, and all the rest is only 
theoretical speculation which exceeds the limits of experience . 

However, in spite of this common ground, the method of pragmatism gave rise 
to several variations, in particular in the original doctrine of William James , 
which he presented as ‘a new name for some old ways of thinking’ (James 
1907). James alike Peirce  suggests that pragmatism is a helpful method in 
providing a demarcation between two competitive assump tions: ‘Th e pragmatic 
method is primarily a method of settling metaphysical disputes that otherwise would 
be interminable. Is the world one or many? – fated or free? – material or spiritual? 
(…) Th e pragmatic method in such cases is to try to interpret each notion by tracing 
its respective practical con sequences . What diff erence would it practically make to 
any one if this notion rather than that notion were true? If no practical diff erence 
whatever can be traced, then the alternatives mean practically the same thing, 
and all dispute is idle’ (James 1907: 45). In other words, if for a community of 
scientists there were no practical diff erence between Newton’s and Einstein’s 
concep tion of gravity, then these two conceptions would be the same one, and 
the endless discussion about them would be useless. 

Now, James’ philosophy of pragmatism conceives knowledge in such a way 
that theories are mere instruments in the quest for truth , while truth is just a 
word to name the satisfaction of our belief. He thus opened the way to the doc-
trine of instrumentalism  (as opposed to realism ), later supported by Dewey . But 
his account of pragmatism displeased Peirce so much that the latter decided to 
re-name his own doctrine as ‘pragmaticism’. 

Th e Concept of Truth (Peirce/James/Dewey) 

Tradition continues viewing Descartes as the author of a major philosophical 
revolution for granting to ‘doubt’ the statute of a methodical means in the 
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search for truth. Now, through a considerable, although more confi dential, 
revolu tion, Peirce supported an alternative insight in which doubt refers to a 
psy chic state of transition towards belief. 

Th us, doubt is no longer an instruction of method which the individual should 
respect in order to attain the truth . It is on the contrary a mental state carry-
ing dissatisfaction that any man endeavours to fl ee, so that the goal of research 
is to put an end to doubt and to restore belief: ‘Th e irritation of doubt causes a 
struggle to attain a state of belief. I shall term this struggle inquiry  (…) It is cer-
tainly best for us that our beliefs should be such as may truly guide our actions so 
as to satisfy our desires (…) but it will only do so by creating a doubt in the place 
of that belief. With the doubt, therefore, the struggle begins, and with the cessation 
of doubt it ends. Hence, the sole object of inquiry  is the settlement of opinion (…), 
a true opinion’ (Peirce  1877: 247-248). But the truth is not an accessible fi nal 
state of knowledge, only an ideal asymptotic limit of an endless inquiry process 
carried out by a community of researchers: ‘Truth is the opinion which is fated 
to be ultima tely agreed to by all who investigate’. Th e universal agreement of re-
searchers on the truth of an opinion is then the only warrant of the truth, and 
consequently, of the reality of things considered through opinion as objects of 
representation. 

Like Peirce, James  considers truth as a result of inquiry, however he insists that 
theories are not an absolute reproduction of reality (‘truth-copy’), but mere in-
struments in the process of inquiry (‘truth-instrument’). He argues that truth 
is not a property of objects, but of ideas only, and is experienced as an event, a 
process of verifi cation  carrying out a temporary and vulnerable state of belief, 
somewhat like a ‘cash value’ in a credit system. He supports a genetic theory 
of truth calling for a recollection of all the stages and acts of an inqui ry, but he 
rejects any ideal or fi nal reconciliation of theory and reality. In stead, he sug-
gests the notion of satisfaction or utility as a criterion of truth, stating that ‘the 
true’ (…) is only the expedient in the way of our thinking, just as ‘the right’ is 
only the expedient in the way of our behaving’ (James 1907: 222). 

Dewey  agrees with Pierce and James that truth is the result of inquiry, but 
he prefers to substitute the notion of warranted assertability (Dewey 1938: 
15-17). Th e latter refers to the possibility of producing a true assertion  on the 
basis of adequate elements of justifi cation. Th e truth conditions are diff erent 
from those of semantics in logic, when a proposition  has a truth value (noted 
T or F). Dewey, for this purpose, introduces a logical distinction between a 
proposition and an assertion: the fi rst is only a logical instrument, a means for 
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the assertion, and is neither true nor false; the second expresses a true judge-
ment, which constitutes the term of the inquiry. For Dewey , the proposi tion 
is only the means the judgement of which is the consequence expressed in the 
assertion, as in the following example. Proposition: ‘Th e average temperature 
on Earth has increased 1°C’. Assertion: ‘Th e average temperature on Earth has 
increased 1°C’ (after inquiry). Th e warranted as sertability merges with belief 
or knowledge, which is defi ned as the relation ‘of the means used and the con-
clusions reached by way of consequence s of these means’. However, the truth  
thus defi ned is that of the determined situa tion , which comes to replace the 
undetermined situation. Th e criterion of the truth for Dewey is the experimen-
tal control, in a broader sense than that which prevails in science, taking into 
account the more general range of the inquiry. Now, Dewey’s instrumentalism  
diff ers from James ’ truth-instrument in that it is closer to a concept of ‘truth-
correspondence’, although an opera tional correspondence, ‘as a key fi ts the 
conditions imposed by a lock’. 

Whatever the option, the philosophers of pragmatism agree on the fallibility 
of knowledge (fallibilism), which is for Peirce  as well as for Dewey not a sign of 
weakness, but on the contrary a warrant of its scientifi c value. 

Th e Critique of Pragmatism (Russell /Popper ) 

Some of the representatives of the European philosophy could not help criti-
cizing the main theses of pragmatism. One of its most virulent critiques was 
the philosopher and logician Russell, imitated by his counterpart Popper, both 
opposing instrumentalism according to two diff erent prospects. Th ey diff er 
from other representatives of European philosophy, in particular Witt genstein 
and Bergson, whose intellectual evolution brought them closer to the spirit of 
pragmatism. 

In fact, Russell reproaches James’ pragmatism for carrying logical inconsis tency 
and political threat. Not only does his concept of truth violate the prin ciple of 
contradiction, but it encourages a cult of power especially prized by men of ac-
tion (Russell 1910: 79-130). Pragmatism is thus resolutely to him a ‘philosophy 
for engineers’ – as well as a philosophy for believers – which neglects the intrin-
sic value and the objective conditions of the truth (Russell 1946: 766-773). As 
for Dewey, Russell  reproaches his pragmatism for confu sing logic and metho-
dology, by advocating an inadequate concept of truth rooted in its notion of 
inquiry  (for Dewey’s philosophy of inquiry, see below: Logical philosophy). 
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According to him, Dewey  subjects research to certain conditions, like those of 
situation or of fi nality, which appear inadequate. Russell rejects Dewey’s claim 
that, at the beginning of an inquiry, a situation can be given or undetermined 
in all objectivity, even without existing men, like at the time of the dinosaurs of 
the Cretaceous (Russell 1950: 318-326). Th e same applies to the condition of 
the fi nality of inquiry, that is, the unifi cation of a disrupted experience , which, 
for Russell, is a perversion of research, in that it makes reality fi t the objective 
of unity. (Russell 1946: 774-782). In fact, the core of the problem lies in a dif-
ferent outlook on knowledge: whereas, for Russell, knowledge is immediate 
and perceptive, for Dewey, on the contrary, knowledge is mediate and active. 

As for Popper , he follows similar ways but reproaches instrumentalism  for con-
fusing science and technology: ‘In the applied sciences and in technology much 
use is made of ‘computational rules’ (…). Th ese computational rules are indeed 
nothing but instruments (…). But, if instrumentalism were true, then all scientifi c 
theories would be nothing but computational rules’ (Pop per 1956: 112-113). Pop-
per then draws up a list of ten diff erences between the scientifi c theories and 
the computational rules, in order to invalidate the thesis of the instrumental 
truth  carried by pragmatism: (1) Th e logic struc tures of the theories diff er from 
those of the computational rules. (2) Th e choice of a computational rule obeys 
the criterion of utility. (3) Th e test of a theory  is an attempt at refutation, un-
like the test of an instrument which indica tes its operational limits. (4) Th e 
application of a theory can be regar ded as a test of this very theory, unlike an 
instrument which can be used in other fi elds. (5) Th e theories tend to become 
increasingly general, whereas the instruments tend to become increasingly 
specialized. (6) Th e theorist would try and fi nd out a fi eld of application to 
distinguish two theories, whereas the instrumentalist would look for similar 
results in a common fi eld. (7) Th e prediction of known events diff ers from the 
prediction of unknown events until the theory can word them. (8) A theory 
has an information con tent, and is not simply an instrument of prediction. (9) 
A theory is helpful for the interpretation of experience . (10) A prediction gives 
a practical value to science, but it is also necessary to assess its theoretical value 
(Popper 1956: 113-117). 

It seems that the European critiques of pragmatism were reluctant to renoun ce 
the idea of a correspondence between theory and reality, which still pre vails in 
the doctrine of realism  as a reminder of the ancient ‘theoretical attitu de’. 
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Contemporary Pragmatism (Rorty /Putnam ) 

One of the most famous heirs to American pragmatism is the philosopher 
Richard Rorty who claims a ‘new pragmatism’ as opposed to the myths of the 
classical philosophy, thus facing the hostility of another contemporary prag-
matist, Hilary Putnam. 

For Rorty, the main merit of pragmatism is to dismiss some illusory philoso-
phical beliefs concerning the eternity or the universality of the true and the 
good, or concerning the method of research making it possible to attain them. 
Th e major accusation that Rorty addresses to philosophy is to have never ceased 
seeking beyond the human discourse an ultimate ground providing validity 
to science or to morals. Th us, the heterology (of the Greek heteros, other and 
logos, discourse) is an imaginary place located beyond the human discourse. Its 
function is to guarantee the human judgement and to immunise it from the 
risk of historical or cultural contingency, in substitution of that which fi lled 
ancient or traditional God. It is useless, according to Rorty, to seek to identify 
or promote a rational methodology of research, in the form of a ‘Discourse on 
Method’ (Descartes) or of a ‘Logic of scientifi c discovery’ (Popper ). Indeed, 
there is no general rule of method simultaneously produ cing a constraint and 
a guarantee for research to replace intuition, invention and deliberation within 
a community of individuals (Rorty  1982: 160-175). 

Th is version of pragmatism comes quite close to James’ but is contested by 
another outstanding representative of the American philosophy, Hilary Put-
nam. Putnam who, by contrast, is closer to the philosophy of Peirce, is more 
a realist than an instrumentalist, more exactly a supporter of internal rea lism , 
after being a supporter of external realism. He considers it possible in deed, by 
means of logical conventions, to agree within a community of indi viduals on 
the objective relations between words and objects. Th is position is no doubt il-
luminating and stimulating, especially in the case of unobservable entities such 
as particles in microphysics (quarks, bosons, …), which are sometimes given 
the statute of useful fi ctions. Later on, Putnam conceived truth  as an ideal as 
well as a limit of research which a community of individu als would attain if it 
had access to the whole of relevant information needed. He claims a kind of 
pragmatic rationalism grounded upon the notion of “rational acceptability”, 
which diff ers from the truth in the sense that the latter is an idealization of 
the former. 
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Finally, the variety of streams within the philosophy of pragmatism suggests 
that we should qualify it in plural terms and rather talk about the philosophies 
of pragmatism. 

Pragmatism from Logic to Politics 

Among the pragmatist philosophers, Peirce  created a logical philosophy, but did 
not develop any ethical or political philosophy; James alike Mead deve loped 
a psychological philosophy, but created neither logical philosophy nor politi-
cal philosophy. John Dewey  is the only ‘founding father’ of the phi losophy of 
pragmatism to have covered such a vast fi eld, spreading out from logic to ethics 
and politics. 

Logical Philosophy 

Dewey’s philosophy of logic is probably as revolutionary (certainly with more 
rigour and clarity …) as Hegel’s, because it radically disputes the tradi tional 
logic inherited from Aristotle. Traditional logic aims at clarifying the formal 
rules that a man must follow in order to produce a valid reasoning, which 
the contemporary logicians would qualify syntactic, as opposed to pragmatic. 
Dewey breaks up literally with this tradition which he considers inadequate to 
the modern world and science by assigning logic with the function of theory 
of inquiry . He attempts to unify the ordinarily separated logical, psychological 
and methodological aspects of knowledge. 

Th us, according to Dewey, the inquiry becomes the new central object of logic 
as ‘the controlled or directed transformation of an indeterminate situa tion into 
one that is so determinate in its constituent distinctions and relations as to 
convert the elements of the original situation into a unifi ed whole’ (Dewey 
1938: 108). Th e inquiry is not limited to research, which appears specifi c to 
science, but it fi ts in a natural and cultural matrix, which makes of it a com-
mon process to all the organized living beings, animals and men alike. Th us, a 
man may carry out an inquiry in order to determine which area his ancestors 
come from, who (or what) damaged his car, or how it is advisa ble to behave 
with a Chinese. In the same way, the animal carries out an inquiry when it tries 
to determine which intruder penetrated on its territory, or how to get food. 
Th e inquiry supposes a situation , an environment whose organization makes 
the experiment privileged by the means of an ‘object’ (for example, satisfac-
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tion, marriage …). Th e balanced relation of a being to its environment can be 
disrupted by an event (hunger, divorce …). Man is the particular being whose 
natural environment grows to the point of becoming cultural, and the passage 
of the one to the other is carried out by language. Language makes it possible 
for a sound to become a sign, which receives signifi cance  only in a given cul-
tural environment. 

Man has a continuous experience  of the situation forming a unifi ed whole, 
but when facing disruption within it, he undertakes to reconstitute its balance 
and unity by means of an inquiry. An undetermined situation is not subjected 
to a general uncertainty, but to a particular uncertainty, which makes a situa-
tion doubtful. Th en, the situation becomes problematic when it poses a spe cial 
problem, which the individual tries to leave by means of the inquiry in order to 
convert it into a given situation. However, it is important to build the problem 
in order to be able to fi nd its solution, by associating the observation of facts  
(parts of the problem) with the subsequent suggestion of ideas (possi ble solu-
tions). Th us, during the inspection of a building, I observe a cluster of dust 
downwards, and I wonder whether it has a relationship with the building. I 
wonder whether it indicates a normal wear, or more seriously, a constructional 
defect which can cause a collapse of the structure in the long term. It is only 
the inquiry which will allow, by the collection of signs and the development of 
signifi cance s, to work out an idea or an assumption which will be put to the 
test. Th e test will be able to bring a determination to a sign which, hitherto, 
remained undetermined. It has indeed certainly a given direction (dust forms 
a small heap), but not of established signifi cance (dust reveals a constructional 
defect). 

Th e articulation between the fact  and the signifi cance, yet belonging both to 
heterogeneous domains, is nevertheless possible because they are both opera-
tional, i.e. directed towards an end. Th e fact   makes it possible to establish the 
problem in such a way that the latter suggests an idea in connection with the 
solution to the diffi  culty; as for the signifi cance, it is a true action plan, which 
causes and directs new operations of observation. 

Ethical Philosophy 

In his ethical philosophy, Dewey  attempts to follow the same experimental 
method as the one he used in logic, on the grounds that practical reason, like 
theoretical reason, must be subordinate to the rule of inquiry . In traditional 



Chapter 10 • Th e Philosophies of Pragmatism and the Relations between Th eory, Practice and Technolgy • 207

ethics, the aim is to identify an ultimate end or a supreme principle which can 
be used as a criterion for moral evaluation. Th e method of ethics is ordinarily 
divided into two major options, often regarded as incompatible: (1) Teleology  
(from the Greek telos, end) seeks to identify a supreme end (e.g.: happiness) or 
the best way of life (e.g.: citizenship), and limits justice and virtue to the pro-
motion of this good. (2) Deontology  (from the Greek deon, duty) seeks to iden-
tify a supreme principle (e.g.: duty) or a moral law (e.g.: prohibition of robbery 
or lie) which are independent from the good, and subordinate the pursuit of 
this good to its compliance to moral law. Virtue ethics appears to be a third op-
tion for which the moral approval or disapproval is essential, and from which 
the conception of right and good is induced. Now, Dewey  rejects these con-
ventional oppositions on the basis that no permanent end nor any moral rule 
can be suitable in a changing world and for confl icting values. He attempts to 
promote a method of experimental inquiry in ethics which allows linking it up 
with psychological and methodological aspects of action in society. 

For Dewey, human conduct is not at once rational and comprehends the three 
levels of impulse (appetite, instinct, refl ex), habit (reaction, custom), and re-
fl ection (suspension, deliberation, consciousness). Th us, a person while tasting 
some wine can feel a sudden attraction for the wine of Bordeaux (im pulse); 
this attraction can shift to a personal taste and a signifi cant social behaviour 
(habit). But it can also shift by and large to an alcoholic addiction which leads 
the person to question the consequences of his or her wine con sumption (re-
fl ection). Moreover, within the general operation of “valuation”, Dewey made a 
diff erence between valuing (prizing, or esteeming) and evaluation (appraising, 
or estimating): the fi rst denotes impulses toward or away from objects (“Wow, 
what a good wine!”); the second alters or guides our valuings (“Should I drink 
some more wine, though I must be careful with my Gamma-T rate?”). Only 
the second type of value judgment is a practical judgement , in the sense that its 
function is to guide conduct toward the best solu tion to the person’s problem 
and to constitute new valuings. 

Dewey considers the value judgement as an instrument for the constitutive func-
tion of value judgements fi rst, allowing a resumption of unifi ed activity, the 
normal course of which was interrupted by a problematic situation. Se cond, 
the relational function of value judgements concerns actions and ob jects as 
means  entailing consequences to be valued, which enables to distin guish an 
apparent good (immediate, so unrefl ective) and a real good (conse quential, so 
refl ective). Th ird, the explorative function of value judgements relates to use of 
action decided upon as a means for uncovering evidence about valuable con-
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sequences , which enables to discover new, although provi sional, ways to live a 
better life. For Dewey, we test our moral judgements in view of experimental 
confi rmation by acting on them and seeing if we value the consequences, in 
almost the same way as we test our scientifi c judge ments. Dewey’s belief is that 
we cannot prove that something is valuable only on the basis of arguments, 
which make value judgements merely plausible, whereas they require to be 
tested through experience and refl ection. 

Dewey ’s view on value judgement is supposedly concerned only with means 
regardless of ends, and then is reproached for not fi xing so essential elements as 
fi nal ends or intrinsic values. Dewey replied that the sharp distinction be tween 
means and ends is useless, since the determination of their character and value 
is reciprocal, in the sense that a judgement of the worth of an end is always 
linked to a judgement of the cost of achieving it (means needed, unintended 
consequences). Th us, the usual model of instrumental reasoning based upon 
fi xed ends and limited inquiries into the means is not adequate, because ends 
also are causes for further consequences which call for an appraisal of their 
value. Otherwise, Dewey’s ethical philosophy also leads to a social critique, 
since the sharp dichotomy between means and ends tends to reduce work to 
its instrumental value, and does not encourage any eff ort to make it more inte-
resting. In addition, this dichotomy favours social oppres sion by encouraging 
a class hierarchy between a leisure class leading a good life and a working class 
providing it with the leisure it needs to pursue a good life. In a way, Dewey’s 
ethical philosophy cannot be separated from his politi cal philosophy, which 
gives democracy  an eminent position. 

Political Philosophy 

Dewey’s political philosophy remains faithful to his experimental method, on 
the grounds that the fi eld of politics, like those of logic and ethics, must also 
resort to cooperative inquiry. But his philosophy, as opposed to that of some 
rather cynical philosophers, links up politics and ethics in a way that the fi rst 
is aimed at creating the appropriate social conditions for the second to be im-
plemented. 

Dewey is known for his complex relationship to the doctrine of liberalism , in 
that he is sometimes closer to a form of socialism. He approves of the value of 
individual liberty, but he disapproves of the social conditions through which 
this value can be addressed and guaranteed. Classical liberalism can be defi ned 
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as a political doctrine in which individuals are independent enti ties in com-
petition with other individuals. For them, the political institutions are merely 
means  of coordination for the pursuit of their self-interest. Libera lism conceives 
of the individual as something given and prior to society, whereas, for Dewey, 
social institutions are means, not for obtaining some thing for individuals, but 
for creating individuals. Liberalism is grounded on the concept of negative free-
dom , which consists in the absence of constraint on the individual’s ability to 
pursue his or her chosen goals. By contrast, Dewey insists through the notion 
of positive freedom that the absence of constraint is not a suffi  cient condition 
for freedom, which consists in the power to be an individualized self. In this 
respect, freedom is as well refl ective (an individual through deliberation can 
refl ect upon and revise his aims, goals and projects) as social (an individual par-
ticipates in shaping the condi tions of a common life), and actual (an individual 
exercises rather than bene fi ts from the opportunity of being a free person). 

Th e achievement of individual liberty in an industrial society implies a social 
order and a social action based upon participation and democracy  and aimed 
at developing an intelligent control of political institutions. Dewey , without 
reservation, supported a democratic education able to produce free individu-
als. He saw their idealtype in the fi gure of the indocile citizen reluctant to any 
kind of serfdom, whether sharp or smooth. Democracy to him was more than 
a political regime: it was an ethical purpose. Accordingly, he identi fi ed several 
democratic conditions, both deliberative and participative. Th us, democracy 
is a political regime the purpose of which is the protection of the people’s in-
terests from a ruling class of experts whose interests tend inevita bly to diverge 
from those of the people. So, through and in addition to the basic right to vote, 
all forms of deliberative democracy, such as discussion, consultation and per-
suasion, are meant to increase the public comprehension of the issues at stake, 
and to help inform the state administration of social claims. 

Now, democracy is also a political regime in which social inquiry prevails as 
the best method for dealing with confl icts of interests in a society, which can 
thus be open to public discussion and to more comprehensive views on the 
common good. Democracy as a continuous political experiment is the single 
regime in which individuals’ potentialities can be achieved, provided they have 
‘a responsible share according to capacity in forming and directing the activities of 
the group in which one belongs and in participating according to need in values 
which the groups sustain’ (Dewey). 
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Pragmatism: a Philosophy of Technology? 

For Dewey, technology is the set of productive skills bearing on the pro jects 
of human beings which consists in altering their environment and in accom-
modating themselves to those environments. Dewey calls these two activities 
taken together adjustment with respect to environment conditions and transac-
tions with them. Moreover, beyond the concrete activities, tech nology may also 
be said to be the project itself, although for Dewey techno logy keeps a broad 
and inclusive meaning. 

Philosophical History of Technology

Dewey ’s perspective on the history of technology is philosophical, which means 
he drafted a history of the philosophy of technology. Th us, he was interested in the 
ways in which philosophers have understood the production and signifi cance  
of artefacts. In this perspective, he tried to make compari sons between various 
historical cultures, fi rst, outside the Western tradition (the Aborigines) and 
second, inside the Western tradition (the Ancient Greeks as compared to the 
Modern Europeans). 

For Dewey, the scientifi c sense of things lies in four characteristics that lead 
to maximal objectifi cation : (1) Objects as space-time orders are constant, capa-
ble of mathematical formulation, and result construction and production. (2) 
Objects allow for institution of substitutions, which creates a homogene ous 
natural world. (3) Objects allow for the possibility of control, thanks to the 
ability to fi nd the right units for the alteration of natural processes to suit hu-
man ends. (4) Objects give edge to measurements and signifi cances by means 
of scientifi c laws and relations. 

In comparison, the Aborigines have a non-scientifi c interaction with their en-
vironment, which off ers little natural resistance and suffi  cient food to sus tain 
them as long as they are on the move. Th e tools they use remain simple and 
temporary and the goals are short-term ones, concretely and clearly reali zable, 
which does not mean the agent has a “primitive” mind. As Dewey says, ‘there 
are no intermediate appliance, no adjustment of means  to remote ends, no post-
ponements of satisfaction, no transfer of interest and attention over complex systems 
of acts and objects. Want, eff ort, skill and satisfaction stand in the closest relations 
to one another. (…) Only when things are treated simply as means, are marked off  
and held off  against remote ends, do they become objects’ (Dewey 1931: 163-187). 
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Th e fact that things become objects when they are treated as means implies 
that, in the society of Aborigines, there is only a minimal objectifi cation  of 
things. In fact, Dewey, as a philoso pher of technology, looks among the ‘sa-
vages’ for possible vestiges of the particular intelligence of the ‘civilized’ men 
and women belonging to the industrial society. 

Dewey characterizes the Greek philosophy of technology, the one of Plato and 
Aristotle, by its abstraction of ends from experience, but also by its re duction 
of ends to eternal objects of knowledge. For the liberal Greeks, the work of 
the artisans was not that of creating forms, but that of utilizing exis ting ones, 
whether natural or supernatural, in a way that could never give them their full 
and fi nal due. Artisans were engaged with materials and conditions which tied 
them up in a world of change and uncertainty, to such an extent that they were 
just able to catch the pale shadows of appearances, as opposed to the delightful 
beauty of perfect and eternal forms. Plato abhor red the reality of the tasks and 
materials of technology, which led him to a science of contemplation, whereas 
Aristotle endowed nature with proper ends, which made negligible the role of a 
human art. Th e paradox is that Greek philosophers demeaned the work of arti-
sans, but at the same time appropriated its models as the basis for their super-
natural schemes: Plato located productive skills with his supernatural realm, 
and Aristotle identifi ed nature with a Grand Artisan. What is more, Aristotle’s 
theory of the four causes in nature (effi  cient, formal, material and fi nal) was 
borrowed from the work of artisans. But Dewey  insisted that a cause  is not an 
antecedent, but an antecedent which, if manipulated, regulates the occurrence 
of the consequent, and, contrary to Aristotle, he put causes and eff ects  at the 
same level. On the whole, Greek philosophers failed to understand the nature 
and function of objects as they would be later understood by experimental sci-
ence. Th e ob jectifi cation  of things was not possible if objects were viewed as 
fi xed and fi nished entities, and not as events with meanings. Th e disdain for 
the work of artisans illuminates the failure of the Greek philosophers to see 
technological tools and artefacts as transformative rather than simply addi tive. 
Finally, their lack of interest in experimentation and instrumentation and their 
preoccupation for the contemplation of Essences led them to develop an idea  
of a science which is rather far from real science.  

Dewey argued that a necessary condition for the rise of science in the Mo dern 
Age was an increased attention to and utilization of instrumentation, and a 
signifi cant move from observation to experimentation. Experimentation was 
identifi ed by Dewey as ‘the indispensable instrument of modern scien tifi c know-
ing’ and defi ned as ‘the art of conducing a sequence of observations in which natu-
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ral conditions are intentionally altered and controlled in ways which will disclose, 
discover, natural subject-matters which would not o therwise been noted ’ (Dewey 
1925). Th e empirical science remained at a level of abstraction until it began 
to be technological and to take seriously the production and use of tools and 
artefacts for the purpose of enlarging the signifi cance  of objects and events: 
‘When the appliances of a technology that had grown more deliberate were adopted 
in inquiry , and the lens, pendulum, magnetic needle, lever were treated as tools 
for knowing, and their functions were treated as models to follow in interpreting 
physical phenomena, science ceased to be identifi ed with appreciative contempla-
tion of nobler and ideal objects, was freed from subjection to aesthetic perfections, 
and became an aff air of time and history intelligently managed’ (Dewey  1925).

Th e use of technological methods in modern science implies manipulation and 
reduction: once a thing’s properties are reduced (hydrogen and oxygen in water, 
for instance), it can be manipulated for broader possible uses, with respect to 
the reduction of other things. In modern science, objecti fi cation was possible 
since objects were viewed as data to be used for inter pretation, and not simply 
as things to be classifi ed in categories. For Dewey, the successes in the age of 
scientifi c technology were due to increased use of instrumentation, a novel 
emphasis on public experimentation, and an aban donment of the ancient sub-
stance-accidents philosophy. 

Science and Art as Technology 

Th e actual productive activities of modern science, as opposed to ancient sci-
ence, inverted Aristotle’s hierarchy, which gave primacy to theoretical sciences, 
followed by practical and poietical sciences. Th is ladder is a hierarchy of cer-
tainty: theoria was said to treat that which is always or for the most part the 
case, praxis to deal with the choice of relative goods, and poiesis with how to 
make things out of contingent matter. Dewey’s view on the relation between 
theory , practice and production rejects Aristotle’s hierarchy of ways of know-
ing, which placed theory in a superior position with respect to practi ce  and 
production, and made practice in its turn superior to production. 

Dewey refuses to divorce theory from practice, insofar as they are, in his view, 
diff erent phases of a stretch of intelligent inquiry: theory is the ‘ideal act’, and 
practice the ‘executed insight’. Dewey inverted this hierarchy, sug gesting that 
the interpenetration of theory (or idea s about things to be done) with practice 
(or the doing of things) is made meaningful only when novel tools and solu-
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tions are produced. Dewey thought that the production of tools of a wide vari-
ety is essential to inquiry , and that such tools include theories, hypotheses, and 
new habits. Dewey describes science as a type of productive technology, that is, 
an activity that even in the most abstract form, in the realm of which abstract 
mathematical signifi cance  is manipulated, involves constructed artefacts that 
are tried and tested. 

In Dewey’s view, knowledge is a matter of construction and production, and 
should be considered as an instrument as well as a branch of technology: ‘Con-
trolled inference in science is science, and science is accordingly a highly specialized 
industry. It is such a specialized mode of practice that it does not appear to be a 
mode of practice at all ’ (Dewey  1916: 335-442). He argued that the industry 
of science advances insofar as it successfully em ploys a mode of practice called 
theorizing, so that theory is a kind of practice that enriches possibilities and 
opens up new aims, or ends-in-view. He called the relation between theory and 
practice paradoxical: ‘Th eory is with respect to all other modes of practice the most 
practical of all things, and the more impartial and impersonal it is, the more truly 
practical it is’ (Dewey 1916: 335-442). Dewey held the view that technological 
instruments include immaterial objects such as idea s, theories, numbers and 
the objects of logic. His instrumentalist account of inquiry rejected both real-
ism and idealism on the grounds that neither position was capable of develop-
ing an adequate un derstanding of the function played in knowing by tools and 
media. 

What is more, Dewey contended that the division between the ‘fi ne’ and the 
‘useful’ arts has largely been the result of an unjustifi ed divorce of ends from 
means . Th e relationship of ends and means and the use of the productive skills 
(techne) in the arts lead to enriched experience, whether the art product be a 
sculpture or a vehicle. Dewey argued that the work of art is neither identical 
to nor a property of what is normally called the art product, and denied that 
it is entirely a function of the experience  of the perceiver or user of such art 
products. Appreciation, for Dewey, is an act of technological pro duction like 
the construction of what is to be appreciated. Th e work of art is a transaction 
between the art product and its appreciator, and is itself a proc ess of producing 
new artefacts, both tangible and intangible. 
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Technology, Responsibility and Democracy  

Dewey thought of technology as both a technical and social activity of ad-
justment to the world, based upon science and aimed at satisfying human 
needs. But he was deeply aware of the gap between the two cultures, of the 
impact of science on society through its technological development, which he 
perceived as a real danger calling for a counterpart, such as some ‘moral tech-
niques ’: ‘Science through its physical technological consequences is now determining 
the relations which human beings, separately and in groups, sustain to one another. 
If it is incapable of developing moral techniques which will also determine these 
relations, the split in modern culture goes so deep that not only democracy but all 
civilized values are doomed. Such at least is the problem. A culture which permits 
science to destroy traditional values but which distrusts its power to create new ones 
is a culture which is destroying itself ’ (Dewey  1939: 172).   

At the same time, he pointed out the ambivalence of science, which he regar ded 
as passive adaptation to the use and purposes of human beings, for good or for 
evil: ‘Science owes its operation and its consequences to the human beings who use 
it. It adapts passively to the purposes and desires which ani mate those human beings 
… It elevates some through opening horizons; it depresses others by making them 
slaves of machines operated for the pecuni ary gain of owners …’ (Dewey). He also 
recognized that technology as a radical transformation factor of human socie-
ty was an easy target for the people unwilling to bear responsibility for their 
own choices, and called for a social innovation linked with the technical one: 
‘Steam and electricity have done more to alter the conditions under which men as-
sociate together than all the agencies which aff ected human relationships before our 
time. Th ere are those who lay the blame for all the evils of our lives on steam, elec-
tricity and machinery. It is always convenient to have a devil as well as a saviour to 
bear the responsibilities of humanity. In reality, the trouble springs rather from the 
absence of idea s in connection with which technological factors operate’ (Dewey). 
In this sense, he rejected all forms of technological de terminism, and argued 
that there are no inevitable forces, or general will at work in the course of his-
tory. Technological conditions form the necessary but not suffi  cient conditions 
for technological progress, and the ultimate re sponsibility for the future lies in 
concrete decisions made by human beings, individually and collectively. 

Late in Dewey’s life, technology became a synonym for his very method of 
inquiry , as Hickman says: ‘Inquiry within technological fi elds – among which 
he included science as well as the fi ne and vernacular arts – formed the basis of 
and provided the models for Dewey’s larger project: his analysis and cri tique of the 
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meanings of human experience ’. And it is no overstatement to say that his cri-
tique of technology was the warp on which the weft of that larger project was 
strung. It is therefore remarkable that Dewey is not gene rally known for his cri-
tique of technology (Hickman). It is also remarkable that Dewey thought that 
not everything human beings do involves adjustment to their environments, 
and so, not every human activity is technology. Th ere are, indeed, regions of 
experience (ceremony, routine, etc) in which know ledge and production are 
not relevant. 

Conclusion 

Finally, pragmatism appears as a major and recognized stream which was con-
stituted in a genuine philosophical tradition, in opposition to that of Europe, 
long dominated by the categories and the hierarchies inherited from Aristo-
tle. Undoubtedly, the philosophy of pragmatism refl ects ‘the American spirit’, 
whatever it means, but it proposes an overall prospect which can ap pear re-
levant for other cultural contexts. 

Th e major contribution of pragmatism is no doubt the transformation it has 
introduced into the relations of theory and practice. It is undoubtedly this new 
tropism which strongly displeased certain representatives of European philoso-
phy, showing pragmatism to be a ‘philosophy for engineers’. Th e rea son for 
such a scorn is that pragmatism granted too central a position to the technical 
conception (eff ects  of action), to the detriment of the classical episte mic concep-
tion (cognition of causes). It thus opened the way to a kind of techno-centrism  
based upon the general criterion of utility, consi dered to be contradictory with 
an aesthetic ideal of beauty and freedom which is rather cherished by certain 
European philosophers. 

Th e internal plurality of pragmatism is particularly clear in the conception of 
the relations between theory and practice and in the statute held for technolo-
gy. Th us, in spite of a common attachment to experimentalism and instru-
mentalism , there are strong diff erences between the designs of the truth and 
science for each of its representatives. Moreover, it is undeniable that, among 
all these thinkers, Dewey is the only one to have expressed a clear interest to-
wards technology, to the point of making it the paradigm of inquiry and build-
ing up a genuine, although fragmented, pragmatist philoso phy of technology. 
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I thus hope that, after reading these lines, an engineer will have the good idea 
to remember the diversity and the complexity of the signifi cances of the word 
“pragmatism”, when suggesting to his or her interlocutor, with a mixtu re of 
authority and resignation: “Dear friend, let’s be pragmatic!”. 
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Section 3

Ethics and Engineering





Section Introduction

Martin Meganck

Even if “Philosophy of Engineering” may in principle be a merely analyti-
cal and descriptive discipline (thinking about and describing what engineers 
and engineering are like), one of the background connotations inevitably is 
of a normative nature: refl ecting on how and what engineers and engineering 
should be. Philosophy of engineering is always tainted by the quest for “good 
engineers” and “good engineering”. With this refl ection, one enters the domain 
of ethics and engineering.

It may seem contradictory that on the one hand engineers (almost self-evi-
dently) fi nd their competence and their work very important, “aff ecting the 
quality of life throughout the world” (as in the Preamble of the IEEE Code of 
Ethics), and on the other hand many engineers feel reluctant and uneasy when 
it is suggested that their work will be approached “from an ethical point of 
view”. A mix of feelings and reasons may underlie this attitude. In the minds 
of engineers, ethics (like philosophy) often appears as rather vague, unscien-
tifi c, diffi  cult to be rationally structured (contrary to the supposedly “exact”, 
“objective” and rational nature of science and engineering?). Th ey also often 
consider “ethical” arguments to be weak arguments, used in the last resort, 
when other arguments fail. People appealing to “ethics” are often suspected of 
having little knowledge and understanding of the situation, or to be idealistic 
dreamers who dare not take responsibility. Articles elsewhere in this book (e.g. 
those by Grimson, Volanen, Doridot and Lavelle) give considerations opposing 
this spontaneously felt dichotomy between the sphere of engineering and the 
sphere of philosophy and ethics.

And even if they accept engineering (as a fi eld of activities and the products 
thereof) to be a proper object of ethical refl ection, a second series of objections 
appears when engineers are supposed to extend this refl ection to their own 
personal activity. Responsibilities are often projected upon the users of the 
technologies (“We only make instruments. Good and bad depend upon how 
people use them”), upon the organisations and their superiors for whom they 
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work (“I only do what I am asked to do”), or get dispersed into “the system” (of 
technology, politics, economy …). Here too, the “philosophy of technology”-
section of this book gives a broader background to frame these attitudes.

Contemporary thinking about ethics and engineering has historical forebears 
from two sides. Along with industrial development and the gradual evolvement 
of engineering, engineering organisations have tried to defi ne themselves and 
their activities. Th is inevitably implied refl ection about how engineers should 
behave. Similarly to other professions and occupations, engineering organisa-
tions have developed ethical codes, sometimes rather ambiguously hovering 
between image building and genuine solicitude and engagement (further de-
veloped in Meganck, 2003). A second impulse came with the development of 
business ethics as a separate discipline during the last quarter of the 20th cen-
tury. Engineers (most of them being employed in businesses or business-like 
organisations) felt the need to refl ect upon the specifi c implications of business 
ethics for their activity. Hence, the last few decades, development of engineer-
ing ethics and business ethics show striking parallels.

Ethics and culture being intimately intertwined, a project about the “cultured 
engineer” could not do without explicit attention to engineering ethics. Th ere 
is a broad literature of theoretical developments, case studies, etc … In Europe, 
Philippe Goujon & Bertrand Hériard-Dubreuil’s book “Technology and Ethics. 
A European Quest for Responsible Engineering” has become authoritative (2001). 
In the Anglo-Saxon cultural sphere, some of the better-known names in the 
fi eld are Carl Mitcham, Deborah Johnson, and Stephen Unger. As it is impos-
sible (and not our intention) to cover the whole area in this book, we will only 
emphasise some highlights. We will start with a brief general introduction into 
ethics; the next two articles will rather broadly treat recent developments in 
engineering ethics; and the fi nal two articles will treat specifi c domains with 
which engineers can be confronted, and the ethical aspects of which become 
relevant. 

Martin Meganck starts by giving “a short introduction to ethics”: a circum-
scription of the fi eld, comments to some of the traditional discussion areas, 
and elucidation of some terminology. Th ough ascribing a descriptive role to 
ethics in his defi nition, there is a normative view behind it: trying to make 
the good/bad qualifi cations of persons, actions and situations as transparent as 
possible. He also opposes to reducing ethics to the mere microscopic questions 
of individuals facing well-circumscribed decisions. In his view, ethics also ap-
plies to groups, situations, even to the status of the world as a whole. Finally 
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(and contrary to some of the often encountered presuppositions about ethics 
like described above) he contends a sound ethical judgment to be, above all, 
realistic (which does not mean that one has to forget all ideals).

Literature about engineering ethics has long been dominated by studies about 
codes of ethics, and by discussions and case studies about whistle- blowing. 
With some hindsight, Christelle Didier refl ects upon these themes, pointing 
out some diff erences between the evolutions in the United States and in Europe 
(especially France). Th ese diff erences refer i.a. to the idea of professionalism, 
and to the role of trade unions, which are both very diff erent in the US and 
in Europe. Measures to protect whistleblowers, although desirable, are equally 
diffi  cult to coordinate, especially due to diff erent legal cultures.

Engineering ethics, however, should not be reduced to the traditional discus-
sions about codes of ethics and whistle-blowing. Ethical issues arise every day, 
in all plain engineering work, it is the central thesis of Ibo Van de Poel’s article. 
When making decisions about the design of their products, engineers (con-
sciously or unconsciously) endow their products with a script: depending on 
the design, certain ways of using the products can be made possible or im-
possible, probable or improbable. Instruments shape the environment and the 
set of possibilities for human action, and hence inevitably infl uence human 
conduct. Th is consideration entails a serious criticism against a popular form 
of instrumentalistic thinking about technology, often used by engineers and 
constructors to substract their products from ethical discussions. Van de Poel 
also extends on the trade-off s engineers have to make, especially when safety 
and risks are concerned.

Whence the observed increased interest in ethics in general (be it in political, 
biomedical, commercial or other spheres)? Probably because of the increased 
awareness of the public, and the willingness to understand and question situ-
ations. Contrarily to the traditional views, patients are no longer a priori in-
competent and mute facing their doctors; consumers dare to stand up and 
question producers and sellers when the products they purchased do not meet 
their expectations; citizens want to be informed, to be recognised and to par-
ticipate when local authorities are planning new roads, new waste incinerators 
or landfi lls, or when new regulations on the acceptance of genetically modi-
fi ed organisms in food products are proposed. And even if engineers rarely are 
the fi rst (let alone only) instance to decide in these questions, they often are 
involved in the preparation and execution of the projects. Th ey also often are 
considered to be (among) the experts in the matter. Almost inevitably, they are 



224 • Martin Meganck

part of the setting in which discussions take place. And more than just under-
standing what the discussions are about and how they proceed, they will often 
be involved in the communication about the new proposals.

From her experience with research projects about the functioning of the French 
National Commission on Public Debate, Martine Revel points out some of the 
problems, necessities and opportunities of engineers being involved in public 
discussions. Besides considerations on how the debates are organised (and even 
on the importance of the physical lay-out of hearing and discussion rooms), 
she develops on models of communication and participation which go beyond 
the traditional view of the engineer delivering “objective information” to the 
public (which is supposed to understand and accept them). On the one hand, 
this implies engineers to be aware of the paradigm-ladenness of knowledge and 
language (which may require some philosophical insight and exercise); on the 
other hand, a more thorough training in political and communication skills 
during engineering education may be necessary.

In the fi nal chapter of this section, Kaido Kikkas takes the issue of Free and 
Open Software as an example to raise questions about the principle of in-
tellectual property, and from there, about some of the ethical issues found 
in the current Western political and economic system (as outlined by Pekka 
Himanen, Manuel Castells and others). He gives examples of how (in com-
munication and information technologies as well as elsewhere) the traditional 
intellectual property system does not yield the goods which are promised or 
suggested by its theoretical underpinnings. Th e sphere of ICT gives examples 
of valid alternatives, some of which could be extrapolated to other commercial 
and industrial domains. One example is the Creative Commons by Lawrence 
Lessig et al.
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Chapter 11 

Tools for Ethical Refl ection

Martin Meganck

Abstract: Th is chapter intends to give a short methodological introduction to ethics. 
A broad working defi nition of ethics will be given, with some comments on back-
grounds and implications of this defi nition. Attention will be asked for the distinc-
tion between the “facts”-level and the “values”- or judgment-level; on the other hand, 
all (scientifi c) facts may be value-laden, and in language descriptive and normative 
signifi cances may be inseparably mixed. Th e chapter ends with a short description of 
some of the most used ethical models: consequentialist ethics, deontological ethics 
and rights ethics. 

What Is Ethics ?

A Working Defi nition

For the purpose of this book, a very broad defi nition of ethics will be used. 
Ethics can be considered as:

the intellectual discipline refl ecting upon what happens when people, actions or 
situations are evaluated in terms of good or evil.

Implications of this Defi nition

Th e following implications emerge from this defi nition, compared to other 
defi nitions of ethics.

Ethics is often defi ned as a “science” (e.g. “Th e science of human duty”, or “sci-
ence of morality”). In philosophy of science however, demarcation criteria are 
elaborated to separate proper sciences from other disciplines – the latter often 
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being associated with the sphere of weird pseudo-sciences. As ethics does not 
meet some of the traditionally mentioned demarcation criteria (like Popper’s 
falsifi ability criterion, or verifi ability as used in logical empiricism), defi ning 
ethics as a “science” may from the beginning hinder the rest of the text to be 
accepted by part of the readers. Th is question is parried by defi nitions like the 
one used here.

Our working defi nition implies that ethics will be treated on a descriptive level. 
It intends to describe and understand which factors intervene in the formation 
of a moral judgment. It will not be aspired to actually determine what is good 
or evil. Such a normative vision of ethics would either mean that there are ab-
solute criteria for good or evil (which could be found by objective perception, 
by compelling logical thinking or by some kind of revelation), or that one ac-
cepts from the very beginning a choice or preference, conviction or persuasion. 
Although such convictions and preferences may often be quite human and 
reasonable, due to the sense of reservation and pluralism which is preferable for 
this book, the more descriptive view of ethics will be used here.

Also following this defi nition, the object of ethics covers more than just the 
moral judgment on deliberate actions of individuals. It extends to the refl ec-
tion on situations in general, even if the direct or univocal reduction of these 
situations to a set of distinct actions of human individuals seems impossible or 
inadequate (e.g. for “environmental ethics”). It also allows a refl ection on “or-
ganisational ethics” (e.g. for business corporations) which can continue beyond 
and after the mere analysis of the responsibilities of individuals in a group.

Finally, this defi nition includes that ethics is not an “other” way of thinking. 
Th is is often suggested when one asks for an ethical approach “besides” the 
fi nancial, technical,… approaches. Ethics refl ects on the whole of criteria and 
considerations leading to a good/bad-judgment: if and how these criteria are 
met by the situation, and to what extent (and why) these criteria are relevant 
and important.

Double Th ree-fold Movement

Ethical refl ection can be conducted on several levels. A double three-fold move-
ment is proposed here.
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A fi rst distinction mainly refers to the level on which the question is posed. Th e 
terms micro, meso and macro can be used, as follows:

Level Considered subject Considered actions

Micro Individuals Individual decisions taken by one person

Meso Groups (either organised 
or not)

Group behaviour (spontaneous or as a 
conscious policy)

Ma cro Very large groups (eventu-
ally: worldwide collectiv-
ity or humanity)

Th e actions of “man” or “mankind”: 
general tendencies, cultural eff ects, global 
result of totality of human behaviour.

Often, ethics is limited to the micro-level: how persons should behave, con-
fronted with their own conscience. Th is vision of ethics can e.g. be recognised 
in a certain style of courses and trainings working almost exclusively with case-
studies. Very often, however, behaviour of individuals can only be understood 
and evaluated when seen in the context of the normative environment  in which 
the individual lives and acts. And eventually, one also has to consider “man-
kind” as an actor. Although this approach rather complicates things, it does 
justice to the fact that generalised micro-rational behaviour does not always 
yield macro-rational results.

A second three-stroke movement to which this approach invites, consists in 
(after having gathered the facts and data relevant to form an idea of the situ-
ation):

• fi rst make a survey of the arguments pro and contra;
• then try to evaluate the worth of the diff erent arguments: which interests, 

values, rules etc… are at stake? Are there any which seem rather cheap? 
Or rather stringent? How do we set priorities?

• fi nally bringing to awareness the foundation of the arguments, on a meta-
level or philosophical level: what are the presuppositions, the implicit 
logic, and the ultimate foundations of the criteria we use? How are they 
rooted in a vision on mankind, nature, society, …?

Th is third movement (of refl exion on a meta-level) may not be necessary for each 
new individual decision or assessment. It can become a philosophical, logical and 
intellectual background for the refl exions on the second level. But a proper ethi-
cal refl exion without this level should be considered rather incomplete.
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Ethics and Engineering

Where does this approach lead us when we apply it to engineering work? A 
fi rst movement will undoubtedly be to list a set of criteria which can be used to 
make a good/bad judgment for engineering: 

A fi rst criterion will undoubtedly be the effi  cacy of the project. Does the ma-
chine work? Is the process functioning properly? Does my material have the 
desired properties? Th e work will thus be judged on its instrumentality: as an 
instrument designed to serve specifi c goals. On a second level, this criterion 
will lead to an analysis of the relevance, validity or desirability of these goals. 
My product may be perfectly eff ective in reaching its goals, but if these goals 
are questionable, or if the context in which my product will be used is ques-
tionable, then the moral evaluation of my product will be tainted by the mixed 
(or even negative?) evaluation of that context.

As a second criterion, one can consider the fi nancial aspect. As a strict mini-
mum, the fi nancial resources to execute the project must be available: either 
from one’s own resources, from means granted by sponsors or authorities, or 
from clients willing to pay for it. In commercial business, the profi tability will 
be an additional criterion. Here too, a second-level analysis will ask questions 
about the ethics of “money”. In our current political and economic system, 
this may result in an ethical analysis of the multiple aspects of capitalism, free 
market and globalisation. On the background of this, one may have to extend 
on e.g. the signifi cance of labour and property, and on the possibility of having 
a hierarchy of rights.

A third criterion to take into account can be the legal aspect. Does my project 
obey the prevailing laws, and other offi  cial rules, norms or standards? Espe-
cially as (and to the extent that) law can be considered as an emanation of the 
ethos of a community, obedience to the law may be an important indication 
of ethical quality. Infringements of the law may be defendable if one contests 
the legitimacy of the legislative authority, in the case of “immoral laws” (which 
may lead to civil disobedience), or when one judges compliance to the law to 
be impossible (in view of stringent necessities or other priorities). Yet it will be 
clear that in a large majority of cases, breaking laws and regulations will be a 
serious indication of diminished ethical quality.

Some other criteria may be:
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• Environmental aspects. Projects imposing a lesser burden on the en-
vironment, may be considered better than – ceteris paribus1 – projects 
which prove to have a rather large environmental impact.

• Health and safety. Th e probability and seriousness of accidents and nega-
tive health eff ects (for the clients, for employees or for the public) will 
be an important parameter in judging the overall quality of a project. 
Projects and products enhancing health and safety will be appreciated.

• Other aspects of effi  ciency. It will usually be better to reach an objective 
if one can do this with relatively few means to be used or consumed, 
than through a larger input.

• Employment being important in contemporary life, projects bringing 
about more employment will be valued for that.

• Acceptance by the public. It is better for a project to be accepted by the 
public than to be ignored or rejected. Th e reasons for possible opposi-
tion may not always be fully clear, rational or univocal. Yet the mere 
appearance of opposition can be taken as a contra-indication. Feelings 
are a kind of facts in their own right, even if one does not agree with the 
contents or the foundations of the feelings. Factors which might infl u-
ence the acceptance by the public may include: cultural susceptibilities, 
religious principles or traditions, symbolical meanings, etc…

• Aesthetic aspects. A beautiful product is better than an ugly one (again: 
ceteris paribus).

• In general: all aspects which may aff ect the well-being of people.2

Th is list of criteria is evidently non-exhaustive. When using it, it is important 
to take the world and people as they are. Th is means, in the fi rst place, that 
one should reckon with all eff ects which could reasonably be expected (and 
not only the intended eff ects). And secondly the mere (possibility of) occur-
rence of feelings or attitudes of people is a relevant factor in itself. One may, in 
certain cases, decide not to follow these feelings or attitudes, but this does not 
automatically make them disappear.

Th e Colours of Ethics

It will be clear that, with such a broad defi nition of ethics, the ethical evalua-
tion of a decision or a situation will rarely be univocally good or bad. In a vast 
majority of cases, there will be a mix of positive and negative elements for the 
diff erent aspects and levels. And even within one single approach, pros and 
cons may meet. In some cases, positive and negative considerations brought 
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together may result in a compromise, as if – when one cannot separate black 
from white – one comes to terms with some shade of grey. Using this meta-
phor, accepting the “grey” solution may be a sign of realism and pragmatism. 
If one cannot have it all, at least take what you can. One may then consider 
grey to be a colour of its own, or remain conscious that in that grey appearance 
there is always an intimate mixture of black and white. Yet some may feel that 
accepting grey as a solution is a surrender anyway. And in some cases, it may 
be advisable to try to break through the black-and-white paradigm, and try 
to think in other colours. Leaving the metaphor, this would mean: to display 
some kind of moral imagination, not to give in to the fi rst dilemmatic repre-
sentation of the problem, but to try to redefi ne or reframe the problem in such 
terms that other solutions become possible.3

Looking for a compromise may be a spontaneous and often adequate way of 
dealing with ethical dilemmas, but such a compromise is not always possible. 
Some situations seem to be of an irreducible binary nature: all or nothing, 1/0, 
yes or no. One can think of decisions about abortion (the mix of arguments 
pro and contra does not lead to a “partial abortion”, in proportion to the pro/
contra ration), warfare, launching a space shuttle… For some of these decisions 
the over-all outcome may eventually turn out to be clearly positive or negative 
(depending on – e.g. – the success or failure of the launching). Yet, in many 
cases, one will have to live with the consciousness that, in the decision taken, 
good and bad coexist inseparably. Assuming responsibility may then mean: 
to be able to explain why one made this particular choice (compared to other 
possibilities), taking into account the mix of good and bad.

One may conclude this series of considerations by comparing ethics with 
“fuzzy logic ”. Th is is a form of logic developed by Lotfi  A. Zadeh in the 1960s, 
forming an alternative for the traditional Boolean binary logic. In Boolean 
logic the truth value of propositions can be either 0 or 1 (nothing else, noth-
ing in between). In fuzzy logic multiple or intermediate truth values can be 
used, analogous to expressions in ordinary language allowing qualifi cations to 
be diff erentiated (e.g. by stating that someone is “rather big” or “quite small” 
instead of expressing the exact length of the person). Similarly, in the fi eld of 
ethics one will rarely have clear-cut good/bad separations, but rather qualifi ca-
tions like “quite good” or “mainly bad”… 
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Facts and Values 4

Facts and Values Separated…

It seems obvious that an ethical evaluation should begin with a sound gather-
ing of the relevant facts.

But facts in themselves do not determine what is to be done, or why situations 
should be judged good or bad. Such judgments can only be made when facts 
are combined with values. Th at, at least, was Max Weber ’s conviction, in his 
discussion with Gustav von Schmoller . Th e latter defended that economics, as 
a science, was inherently normative. It had the calling to provide business peo-
ple and policy makers with directives and tools for decision-making. Weber, on 
the contrary, held that the task of science was to describe the world. Even if the 
starting point of this discussion was a refl ection on the role of economics (and 
other “social sciences”), the tendency of the discussion has often been broad-
ened to sciences in general. Science has to reveal and help to understand facts. 
Scientifi c evidence in itself does not determine what has to be done (either as 
a general policy, or for individual decisions). Decision taking always depends 
on what one wants to reach, or on where the priorities of people lie. Science 
can help to decide what has to be done if one wants a certain goal to be achieved, 
but it can in itself not determine which goals should be pursued or which interests 
should take priority over others.

Not: Facts  Decisions

But: Facts + Values  Decisions

Th ese considerations can be relevant for all places where decisions have to be 
taken: from “offi  cial politics” (the risks and advantages of nuclear energy in 
themselves do not determine if nuclear energy is a good option for society: 
the decision whether or not to use nuclear power should depend on where 
one draws the line of what is acceptable or not – taking into account the pros 
and cons of the diff erent options; the chemical and toxicological properties of 
food additives in themselves do not determine which additives may be used in 
which quantities: the decision can only be taken on the basis of a confrontation 
of the data with the (fi nancial, health etc…) desiderata of society) to individual 
decisions (the “facts” about a car (type, size, price,…) do not decide which car 
I should buy or not: it depends on my needs, desires, limitations and prefer-
ences). 
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Implications of Weber’s view are:

• that scientists themselves should not be held responsible for the (conse-
quences of) the use of their fi ndings. As scientists, their role is to deci-
pher the world, their only motive being curiosity. Th e choice of if and 
how their fi ndings will result (and be used) in technological develop-
ments and products, is beyond the proper realm of science.

• that situations where decisions are said to be based on facts only, are 
logically fl awed. Somewhere in the construction of the argument, a mo-
ment of choice, preference or value-assignment must be present. Ethical 
analysis can then consist in bringing this moment of normative infer-
ence to the surface, and examine whether one wants to follow these 
choices or not.5

… Or Are All Facts Value-laden?

Weber’s thesis of science being completely objective and value-free, has met a 
lot of resistance. Some of the criticisms are just “circumstantial criticisms”, not 
really aff ecting the principles of the pursuit of objective science; some other 
criticisms seem to be more fundamental.

Of course, the mere fact of choosing an object of research and a method of ap-
proach are value-laden. And scientifi c activity is always embedded in a broader 
culture, of which values are a constitutive element. And scientists no longer 
work in their isolated “ivory tower”: they must rely on an infrastructure, an 
organisation, fi nancial and other resources to accomplish their work. Rumours 
go that the political, commercial or other interests of the fi nancial and organi-
sational backers often weigh on the freedom of scientists, e.g. in the selection of 
what and how to publish. Th ese considerations however do not in themselves 
invalidate the ideal of an objective and neutral science; on the contrary, they 
presuppose value-free science as an ideal.6

A more fundamental criticism can start from the consideration that science, 
when assigning attributes or properties to things, inevitably has to rely on lan-
guage, with its possibilities, but also with its limitations and biases. Hence, 
some traditional philosophical refl ection themes become relevant:
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• Th e question of the relationship between words and things. Words are a 
kind of symbols. Th ey refer to some kind of reality, but do not coincide 
with it. 

• Words are not isolated atoms. Th ey infer their signifi cance from an en-
vironment constituted by other words. Th ey refer to a fi eld of connota-
tions which is much broader than the proper denotation of the words.

• Some words may have descriptive as well as normative meanings. Even 
if meant merely descriptive, undertones of approval or disapproval (or 
other fi elds of evaluation) resonate with the use of these words. One may 
think of words like “normal” (which may mean “explainable” or “(sta-
tistically) frequent”, but also “(morally) acceptable”) and “abnor mal” or 
“deviant” (with meanings opposite to those of “normal”). Saying that a 
product is “safe”, actually means that it is judged “safe enough” (com-
pared to our expectations or standards). Saying that something is long 
or short, heavy or light, usually means that it is longer etc… than some 
(often undefi ned) standard of comparison. For ethical analysis, this is 
important because these apparently objective words surreptitiously car-
ry along value-laden judgments.

Similar conclusions can be drawn from another angle. Th omas Kuhn  describes 
sciences to work following “paradigms” or “disciplinary matrices”. Paradigm s 
or disciplinary matrices  form intimate sets of problems, methods, theoreti-
cal principles, metaphysical assumptions, concepts, and evaluative standards. 
Th ese assumptions and standards from themselves contain choices: how objects 
can be validly described, which representations and metaphors are accepted, 
which criteria can be used to judge the validity and the worth of proposed 
solutions… Th e value-ladenness of these disciplinary matrices will be rather 
obvious in political and social sciences (which recognise their way of working 
in Kuhn’s description of science); yet, also in the fi eld of chemistry, physics 
and the like, implicit assumptions are made which deserve to be highlighted 
in ethical analysis. Examples can easily be found in discussions on genetic en-
gineering or the brain/mind-relationship, environmental studies and nuclear 
energy.7

Th ings and Facts

Facts are not things. Facts bring to surface a status or quality of things. In as-
signing or describing this status or quality, one uses sentences like “It is a fact 
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that…”. And these sentences inevitably carry along the possibilities and weak-
nesses of language, referred to above.

Some fear that such an analysis reduces science to nothing more than “social 
construction” or even mere subjective interpretation.8 Yet, one cannot allege 
just anything. “Facts” cannot be constructed completely arbitrarily. Facts must 
deliver a “struggle for life” to be accepted, according to the “survival of the fi t-
test”-logic. Elements which may favour attemptive theories to be taken serious 
are: their consistency (internal consistency and consistency with other accept-
ed approaches), their puzzle solving and predictive capacity, their “fertility” 
(capacity to explain until then unknown or non understood situations), etc… 
And may we, for once, appeal to something like “common sense” – however 
unphilosophical this may appear? One can very well pretend that the down-
ward movement of a stone that someone dropped from a tower is nothing but a 
“social construction” – if I hear someone shout “Beware of the falling stones”, 
it is better that I take a few steps forward, without hesitating too long…

As a conclusion of these considerations: for an ethical analysis of a situation 
the distinction between facts and values is important. But, as so often with 
Weber’s ideal-type approach, this distinction may be (pragmatically or even 
fundamentally) impossible to sustain. Honest thinking then requires at least 
an eff ort to be aware of the value-ladenness of scientifi c approaches, followed 
by transparency about where values and facts join together when decisions are 
made.

And Finally our Classics: the Ethical Models

Until now, very little has been mentioned about the contents and the founda-
tion of arguments in the fi eld of good/bad-judgments. Th is last section gives 
an overview of some of the most frequently recognisable “ethical models”. Th e 
diff erences in ethical models lay in the heuristics of good/bad judgments, and 
in the line of logics which is followed. After a brief description of the model 
with the philosophical backgrounds, some comments on the use and the criti-
cal points of the models will be given.
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Consequentialist Ethics 

When people want to refl ect on good and evil, the spontaneous attitude will 
very often be to concentrate on the actual situation as one can establish it (for a 
judgment post factum) or as one can reasonably foresee it to emerge (for a judg-
ment ante factum). More concretely, for a decision to be taken, one will look 
for the consequences of the diff erent options as a fi nding place for good and evil 
– hence the name of consequentialist ethics. It then seems reasonable to look for 
the optimisation of the over-all results (or: “utility”) as a heuristic for decision 
taking. Utilitarianism  is a type of consequentialist ethics which strives for “the 
greatest happiness for the greatest number” (after the expression coined by Jeremy 
Bentham  (1748-1832)). Act-utilitarianism asks for such an assessment to be 
made for each individual decision; rule-utilitarianism tries to elaborate rules or 
policies which are trusted to yield the optimum situation “as a rule”.

To strive for the greatest happiness seems a very reasonable thing to do. Th e 
practical implementation of this model requires that one should determine 
what “happiness” is, and how it can be assessed, quantifi ed and compared. 
Philosophers of all times have tried to seize the subject of “happiness”; their 
insights may often be very wise and reasonable, but are not always useful as a 
working instrument in utilitarianism. Judging another person’s state of happi-
ness may be rather authoritarian or paternalistic. Th e individual’s own “feeling 
of happiness” as a starting point may have the risk of being rather subjective, 
and not always “reasonable”. Th e relationship between objective living condi-
tions and the corresponding subjective experience of happiness is not univocal; 
it may be infl uenced by individual habits, expectations and desires, often with 
the broader culture and traditions as a background. Attempts are made to 
quantify the importance of certain eff ects (e.g. by econometrically calculating 
a fi nancial equivalent). Th ese methods are supposed to be more “objective”, 
and to make diff erent types of eff ects comparable by expressing them in a 
common measurement unit. Yet, they are very dependent on the chosen pre-
sumptions and working procedures, and their results are often experienced as 
improper (e.g. when putting a monetary value on human life).

A second series of remarks on consequentialism is that consequences are often 
very diffi  cult to estimate and to handle. Information may be simply absent, or 
at least unavailable or unreliable. Consequences or future evolutions may be 
inherently or de facto unpredictable, or only statistically assessable. Moreover, 
an increase in available information may make the situation even more diffi  cult 
to handle. Psychological mechanisms may infl uence the kind of attention or 
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weight that is given to certain aspects. And (e.g. when risks are involved) the 
mere weighing of possible eff ects is not always experienced as a suffi  cient or an 
adequate way of decision taking. Finally, implementing this procedure asks 
that all reasonably foreseeable eff ects be taken into account (with their prob-
ability of occurring), and not only the intended or wanted eff ects!

A fi nal series of questions has to do with the basics of utilitarianism. If the 
overall utility of situations is the ultimate criterion, how can one integrate the 
eff ect of the (unequal?) distribution of goods or happiness? How does one see 
the relationship between happiness and suff ering? Can one justify to infl ict 
suff ering to some people, if that would increase other people’s happiness so 
much that the over-all eff ect would be positive? Or does the care for happi-
ness start with the elimination of all suff ering (“primum non nocere”), and is 
the striving for more happiness an improper luxury as long as there is still any 
suff ering at all in the world? And fi nally: utilitarianism will presumably start 
with the fundamental presupposition that all persons are equal: a presupposi-
tion which in itself belongs more to the fi eld of duty ethics or rights ethics (see 
below).

Duty Ethics (or Deontological Ethics )

Whereas consequentialist or utilitarianist ethics take the consequences of a 
choice as the fi nding place for good or evil, duty ethics considers certain ac-
tions to be good or bad in themselves. In a majority of cases, intrinsically good 
actions will also have good consequences (and bad actions bad consequences), 
but this is not necessarily so (a “white lie” may be defendable according to con-
sequentialism, but lies are intrinsically bad according to duty ethics; to kill a 
dictator may be a good thing to do if one looks at the consequences, but killing 
is intrinsically bad according to duty ethics).

Duty ethics is mostly linked to the philosopher Immanuel Kant  (1724-1804). 
His analysis leads to the concept of a categorical imperative , one of the main 
characteristics of which is universalisability: act following maxims which one 
must reasonably want to be universal laws. Actions or attitudes inspired by prin-
ciples that could not be universalized, are inherently wrong. One of the alter-
native formulations of the categorical imperative ask that one acts so as to treat 
humanity (in oneself or in the others) never only as a means, but always also as 
an end. Th e “Golden Rule ” known in several religious traditions seems to be 
inspired by the same intuition: “You shall treat other people as you should like 
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to be treated yourself ”, or “Do not unto an other, what you would not accept for 
yourself.”9

Th e categorical imperative yields a real moral obligation, contrary to hypotheti-
cal imperatives , the validity of which depends on certain conditions or hypoth-
eses: “If you want to reach this, then you must do that.” Hypothetical and 
categorical imperatives may be discerned by asking for the reasons behind an 
obligation, and continuing to submit the answers to the “Why?”-question. If 
one has to admit that the reasons behind the obligation are in the end invalid, 
or merely depend on choices or preferences, then one has to do with a hypo-
thetical imperative. If, after thorough examination, one can only admit that 
the reasons appear self-evident, a categorical imperative may be at stake.

Some more popular working questions to use in duty ethics, may be: “If I 
cannot accept a certain action or attitude to be generalised for everybody, why 
would there be an exception for myself?”, or “How would I feel if I were in 
the place of the other, who has to deal with my actions?” Questions like these 
may be very critical against situations where one party may be tempted to take 
profi t of its dominant position over others, either due to its own power, or to 
the weaknesses (ignorance, dependencies,…) of the other.

Duty ethics may not be very popular at fi rst sight. Prohibitions and obligations 
seem to be in contrast with the more agreeable feelings of individual rights 
and liberties. Yet, many arguments e.g. in the fi eld of genetics and biomedical 
ethics (e.g. cloning, or eugenetics) or environmental ethics (e.g. biodiversity) 
seem more to be inspired by principles than by a mere assessment of conse-
quences. When used in business ethics, Kant’s approach leads to some rather 
stringent questions like: how do I treat my employees or my clients? Are they 
only means to increase my production, my sales or my profi ts? Or do I respect 
them as ends-in-themselves, with their own interests and autonomy? Th ese 
may be helpful questions in judging e.g. safety matters, or the ethical quality 
of contracts.

Rights Ethics 

Another way of judging situations, is to look whether the rights of the involved 
parties are respected or not. Th inking in terms of “rights” is a typical fruit of 
modernity. One of the leading philosophers and fathers of contemporary rights 
ethics is John Locke  (1632-1704). An eminent and visible historical and politi-
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cal trace (and basis) of the rights tradition can be found in the American and 
French Revolutions (although earlier precursors can be indicated), and in the 
Universal Declaration of Human Rights (1948).

Freedom of thought, freedom of religion, freedom of speech, the right to own 
property, the right of free meeting,… are among the fi rst topics which emerge 
when one mentions the human rights tradition. Th ey were at stake during the 
forementioned political revolutions. Actions of human rights movements like 
Amnesty International often have these rights as their most visible focuses. 
Th ese rights are often called “negative rights ” or “negative liberties ”; they imply 
a prohibition for others to interfere (and certainly: a prohibition to obstruct) 
when I use my rights. Yet these negative liberties are of little use for people 
who cannot by their own eff ort make positive exercise of them; in these cases 
the positive right  to claim assistance may be necessary, or at least a meta-right 
implying that one can demand other involved instances to do positive eff orts 
to make as many people as possible have access to the object of the right. If the 
“right to go to school” means only that nobody can forbid me to go to school, 
that right is of little use for me if there are no aff ordable schools at a reason-
able distance; hence that such a right will probably imply for authorities (or 
other instances) to organise schooling. Similarly, if the “right to work” means 
only that nobody can forbid me to work, I can take very little profi t of it if I 
cannot fi nd employment; for the “right to work” to become “work”, it may be 
necessary to demand from all involved parties that employment be one of their 
priorities. Th e actual realisation of rights may require not only to be taken care 
of, but to be “constructed” in society.10

Whence can one derive rights?  Some ideas are gathered in this table.

Rights can be derived from … Examples, comments

 … the mere fact of living as a hu-
man

Human rights conventions

 … needs Especially fundamental needs: 
survival, safety – cfr. Maslow’s 
pyramid of needs.

 … merit, performance, exchange Th e right to be paid for one’s 
labour; the right to own things 
one has legally bought; the right to 
exploit one’s inventions, … 
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 … equal treatment compared to 
others

Non-discrimination

 … law Scholarships for students, … 

 … convention, contract, promise

 … best use or utility Does one have the right to waste 
resources which could be used more 
properly?

 … traditions, customs, existing 
situations

Some of these criteria (which may be linked to comparable criteria of “justice”) 
may be stronger than others. Overlaps are possible; e.g. contracts will often 
entail some kind of reciprocal exchange. Th ey may also confl ict with each 
other; e.g. diff erent needs may entail diff erent treatment, regardless of merits 
or performance. Th e relative weighing and balances of these bases of rights will 
depend on the concrete situation, and on political-like preferences.

Due respect for minimal rights is indispensable for democracy to function 
properly. Th e historical roots of the human rights doctrine especially tend to 
protect the weaker against the use/abuse of power by the stronger. Yet one 
cannot but recognise that the stronger often have more possibilities to enforce 
their rights. And taking rights as the central basis for judgments, may lead to 
societies governed by confl ict and competition between citizens.

Other Models

Alternative and variant models of ethical refl exion are possible, laying other 
emphases or suggesting other approaches than the three models mentioned 
above:

• Virtue ethics  focuses more on the basic attitudes of people when living 
their lives and taking decisions. Among the usually valued attitudes are 
integrity, honesty, responsibility, loyalty, … Some will see courage as a 
virtue; others show more respect for moderation. Virtues may be looked 
for at the particular moments of decision taking; yet, it may require 
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some continuity to interpret actions and attitudes as real virtues. Hence 
the attention for narrativity in this ethical approach.

• One will often also refer to a person’s intentions to judge situations or de-
cisions. It may help us in understanding mistakes (doing something else 
than what one actually intended to do) or actions with a broad variety of 
consequences (some of which may have been intended, others not). Yet, 
the mental status of “intentions” remains disputed. People may even 
not always have transparent insight in the complex of their own inten-
tions. What about unconscious or subconscious motives? How could 
one know another person’s intentions? On the one hand, there is the 
possibility of ascribing (unfalsifi ably!) supposed intentions to a person; 
on the other hand, the other’s admitted intentions may not always be 
complete or fully correct. And isn’t “It was done with the best inten-
tions” too easy an excuse for not having to take responsibility?

• A modern version of personalism  requires understanding the person, 
“adequately considered”. Physical qualities, psychological development, 
personal experiences, social, cultural and historical context, the network 
of close relationships and other stakeholders… may help us understand 
people and their conduct. We may accept certain acts from a child, 
whereas we would condemn an adult doing the same things. We may 
understand certain attitudes of a person if we can link them to particu-
lar experiences in that person’s life. Some fear that such an approach 
would lead to an arbitrary moral relativism; and this relativism in its 
turn may lead to either complete indiff erence towards good/bad discus-
sions, or even intolerance against people who are not indiff erent. 

Combined Models: the “Informed Consent ”-Concept11

At least for micro-ethical questions (and in some cases also for questions on the 
meso- or macro-level), elements of the forementioned models can be combined 
in the “informed consent”-concept. Well-known in the sphere of medical eth-
ics, this concept aims to respect the autonomy and responsibility of diff erent 
parties involved in a decision, e.g. in medical experimentations, but also in 
medical examinations and treatments in general. But this concept has shown 
to be a helpful tool in detecting and circumscribing touchy ethical aspects in 
general, also in the fi elds of business and engineering.

Th e informed consent-concept invites to ask at least four questions, when situ-
ations are judged:
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• Are all involved parties aware of all relevant information surrounding a 
question? Or are there parties taking profi t of the relative ignorance of 
the others? Th is aspect will result in a duty to actively and eff ectively 
communicate between all relevant stakeholders.

• To what extent are the relevant stakeholders competent to take decisions? 
Are there parties taking profi t of instances of relative incompetence of 
some of the involved parties? Or are there parties arrogating more com-
petences than they actually have?

• To what extent are the relevant stakeholders actually free to take deci-
sions, taking into account what is at stake for them, with their possibili-
ties and limitations (physically, psychologically, fi nancially, etc…)?

• Did the involved parties positively express their consent with the deci-
sion or situation? Or are they just confronted with accomplished facts? 
Or does one presume that “silence gives consent”?

If for any of these questions, an undesired answer is given, it can be considered 
at least as an indicator inviting to have a closer look at this aspect of the situ-
ation. Full informed consent of all stakeholders may not always be possible to 
obtain. In such cases, one will have to explain thoroughly why the decisions 
can be yet justifi ed, despite the defi cient consent.

Th e informed consent approach especially allows to question whether people 
are suffi  ciently respected in their autonomy and liberty. Yet, carrying through 
this approach systematically, leads to questions where autonomy and liberty 
may become very harsh if taken absolutely as the sole bases of society without 
being corrected or completed by some kind of mercy or solidarity. Someone is 
driving 220 km/h, not wearing his safety belt, and gets wounded in a car ac-
cident; a heavy smoker develops a lung cancer; a couple does not take prenatal 
diagnosis during pregnancy, and has a child with Down syndrome,…: can 
they count on (fi nancial, organisational,…) support from society, or do they 
just have to take full responsibility for the consequences of their choices?

Conclusion

Ethics is everywhere. Even the most egoistic or the most anarchic person has 
his/her reasons and motives to approve of things or to disapprove of them. 
Where people live together, there will almost inevitably be a communication of 
appreciations – be it a confrontation or a striving for a common ground. Th is 
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chapter was an attempt to suggest some structure for reasoning and communi-
cating about moral appreciations. 

Th e good reader will have understood, behind these considerations:

• our appreciation of honesty, transparency and communication. Th is 
goes further than just objecting to deception, fraud or concealment. It 
is an invitation to diligently gather relevant facts, honestly distinguish 
the value-laden moments in the reasoning, and be open to respond to 
the priorities one expresses in the decisions;

• the limits of our ambitions to make defi nite, clear-cut judgments or 
separations. Good and evil are most of the time co-existent; ethics may 
help to distinguish them, but it will often be impossible to really sepa-
rate them.

• our intention to take the world and people as they are, for better and for 
worse…. Reducing people or the world to some idealised model may be 
the easiest way to deal with questions, but it can be very unjust.

• and even if our proposed defi nition of ethics pretended to be merely 
descriptive, in our analysis of approaches there was always specifi c at-
tention for the weaker parties and potential victims. Th is normative 
inference in an in se descriptive method is not just a choice: it results 
from the (reasonable?) conviction that “survival of the fi ttest” may be a 
biological mechanism and a “natural law” – it should not be the law of  
how humans live together.

Notes
1 “All other things being equal”.
2 Th e last few decades, there is a strong tendency to broaden the ethical reference 

from the well-being of humans to that of other living species (especially animals 
having a central nervous system that would allow the experience of pain).

3 Cfr. Max Weber’s classical distinction of “Gesinnungsethik” and “Verantwor-
tungsethik”, in his “Politik als Beruf” (1919).

4 Th is development of the discussion on value-free or value-laden science, is mainly 
inspired by the presentation of the theme in P. Reynaert () and G. Fourez 
().

5 After G.E. Moore (Principia Ethica, 1903) such a reasoning inferring decisions 
from facts is called a “naturalistic fallacy”. Examples of “naturalistic fallacies” can 
easily be found when “natural selection” is used as a basis for explaining and evalu-
ating certain behaviours. Th e principle that facts and values should be kept sepa-
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rated, has philosophical forebears in Kant’s Sein/Sollen-dichotomy, and in David 
Hume’s is/ought-distinction. It can eventually also be related to Plato’s dualistic 
world vision. 

6 Well-known historical examples of interference of authorities in the course of sci-
ence are the Galileo and Lyssenko cases. Allegations about recent interferences of 
public authorities or business in scientifi c work cover areas such as global warming 
and genetic engineering (for medical and agricultural purposes).

7 A very striking example can be found in H.J.M. de Vries (2001). De Vries illus-
trates how predictive models for climate change, however scientifi cally sound they 
may be, inevitably rely on views on nature, mankind and society which may even 
have political-like “colours”. 

8 See the discussion in and about Alan Sokal and Jean Bricmont’s book Impostures 
Intellectuelles (1997).

9 Th e idea of desubjectivation or universalisability is also present in John Rawls’ 
view that rules or obligations should be examined in a thought experiment: would 
they be accepted unanimously by a group of people striving for their long-term 
self-interest, but not knowing what would be their own eventual position under 
that rule (the “veil of ignorance”)?

10 See also the ideas of the 1998 Economy Nobel Prize winner Amartya Sen, e.g. in 
his Development as Freedom (1999).

11 Th is use of the “informed consent”-concept in engineering ethics was inspired by 
Martin and Schinzinger’s handbook Ethics in Engineering (1989), from which it 
was further elaborated and interpreted.
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Chapter 12

Ethics  in Engineering Practice

Ibo van de Poel

Abstract: Th is chapter deals with ethical issues in engineering practice. Diff erent is-
sues that might raise ethical questions are concerned. Th e goal is not to prescribe 
how engineers should deal with these ethical issues from a moral point of view, but 
to describe what issues might arise and how engineers could deal with them. Th e 
chapter focuses on the engineering design process. Ethical issues arise in engineering 
design in the formulation of design requirements and in the acceptance of trade-off s 
between various design criteria. Attention is also paid to risks of technologies, and 
diff erent ethical considerations in judging the acceptability of risks. Next, scripts , i.e. 
prescriptions that are designed into a technology, are discussed. Th rough such scripts 
designers can try to moralize users for example with respect to sustainability. Such 
inscriptions raise a number of moral issues, including the desirability of changing 
people’s behaviour through design. Finally, attention is paid to the division of labour 
in engineering; who is responsible for what?

Introduction

For many people, it is not immediately clear what ethics has to do with tech-
nology or engineering. Th ey fi nd it diffi  cult to think of ethical issues in engi-
neering on which engineers need to refl ect. One reason for this is that many 
people on hearing the term “ethical” tend to think of “big” ethical issues, mat-
ters of life and death. Typical examples of such ethical issues are abortion and 
euthanasia. People do not tend to associate such issues with technology, even if 
these and other big ethical issues could only arise due to technological develop-
ments. In fact, technological development raises a whole range of such ethical 
issues: Is it allowable to clone humans? Should I work for the military industry? 
And is it acceptable to develop and use surveillance systems to combat terror-
ism when such systems might aff ect the privacy of people? Th ese are certainly 
important ethical issues that need refl ection. Th e individual engineer refl ect-
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ing on them, however, might soon get the impression that such refl ection is in 
vain. First of all, many engineers are not involved in the development, design 
or testing of ethically dubious technologies. Th ey may come to the – wrong 
– conclusion that ethics is not relevant for their work. 

Secondly, engineers that are involved in the development of debatable tech-
nologies might often feel a cog in the machine that cannot infl uence the im-
portant decisions. Th ey might think of themselves as “hired guns,” whose only 
task and responsibility  is to carry out as well as possible the tasks for which 
they have been hired. Th e satirist and song writer Tom Lehrer has criticized 
this attitude as follows in his song “Wernher von Braun ” which appeared on 
his 1965 album Th at was the year that was: … “Once the rockets are up, who 
cares where they come down? Th at’s not my department,” says Wernher von 
Braun …” Von Braun was responsible in Nazi Germany for the development 
of the V2 rocket which was specially designed to reach London and killed 
many British citizens during the Second World War. After the war, he worked 
for the Americans on the Apollo program. 

Most engineers will care a lot more about the social consequences of their 
technologies than Von Braun did. However, they may feel relatively powerless 
in infl uencing the eventual eff ects of the technologies they develop. Partly, they 
are right. After all, engineers work for clients and employers and are subject to 
constraints set by hierarchical organizations and the market. Moreover, many 
other people are involved in the development and use of technology and the 
eventual outcomes are co-produced by all these people together (Rip 1995). 
Nevertheless, if one looks more closely at engineering practice, it becomes clear 
that engineers make a lot of smaller choices that do matter from an ethical 
point of view. Th ey make decisions about what safety factors  to use in their 
constructions, which can have a huge eff ect on the safety of a technology, 
choose certain materials, which potentially aff ect the environment  or which 
may or may not be produced by child labour and in choosing certain software 
architectures they might enlarge or diminish the chances of privacy violations 
(Lessig 1999; Van de Poel 2005). 

Th e goal of this chapter is to make engineers aware of the ethic al dimensions of 
engineering practice and to provide the tools for thinking more systematically 
and refl ectively about such ethical issues. I start with giving a brief description 
of the engineering design process and some of the ethical issues that might 
arise with respect to setting the requirements, choosing between alternatives, 
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risks and scripts. In the subsequent four sections, each of these topics is dis-
cussed in more detail. In the fi nal section, I will elaborate on responsibility. 

Engineering Design  

Engineering design is the process in which certain goals or functions are trans-
lated into a blueprint for an artefact, system, or service that can fulfi l these 
functions. Design is at the heart of engineering. It is in the design process that 
engineers try to solve practical problems, both by thinking systematically and 
applying their scientifi c and engineering knowledge and by being creative. One 
could argue that design, by being aimed at solving practical problems and so 
improving the world, is in some sense always ethically motivated. Th is does not 
mean, however, that all designs are ethic ally good or desirable. For one thing, 
a design may be aimed at ethically wrong or unacceptable goals. More often, 
however, the ethical issues in engineering are more subtle. 

A design usually has to meet diff erent, potentially confl icting requirements. In 
most cases, there is no single design that unambiguously meets all the require-
ments. Th is means that during the design process decisions are to be made 
about the relative importance of the various requirements. In cases where such 
requirements are ethically motivated – like safety , sustainability , and privacy 
– such choices about the relative importance of certain considerations are of 
an ethical nature. Ethical concerns might also arise due to the eventual social 
eff ects of technologies. I will consider below two ways in which such eff ects 
might materialize: risks and scripts. 

Once a technology has been designed and is used, it might pose certain risk s 
to users and bystanders. Important ethic al issues are whether certain techno-
logical risks are acceptable and what engineers can and should do to avoid or 
minimize risks. Technologies do not only raise ethical issues due to the risks 
they pose, but also due to the way they infl uence human behaviour, both for 
the good and the bad. Th e notion of “script” tries to capture this built-in capac-
ity of technologies-in-design. Important ethical issues are what moral values  
to build into a script and to what extent the designer has the right to “force” a 
certain script  upon users.
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Formulating the Design Requirements 

Design usually starts with the formulation of the design requirements. Some-
times the design requirements are given at the start of the design process. At 
other occasions, design starts with a vague idea for a new product or with a 
perceived problem. In such situations, the designer plays an important role in 
articulating the problem and setting the design requirements.

Often there is a client for the design. Th is may be the marketing department 
of the company, but also another company. It is important to realize that the 
client need not be the user. Users may have diff erent requirements or needs 
than the client. In addition to the client and users, other stakeholders may also 
suff er, or benefi t from, the consequences of the new product. If one designs 
a car, for example, the client may well be the marketing department of one’s 
company. Users are the people that will eventually drive the car. Stakeholders 
include cyclists and pedestrians, but also for example environmental groups 
because cars cause environment al pollution. Stakeholders will have diff erent 
requirements that may be confl icting with those of clients or users. Car us-
ers, for example, may prefer fast cars while environmental groups might argue 
that faster cars pollute more and are therefore undesirable. As this example 
illustrates, it makes quite a diff erence – including an ethic al diff erence – from 
whose point of view a problem is formulated and which requirements are in-
cluded and which ones are not.

Codes of ethics (see chapter 13) may play some role in setting the design re-
quirements. Engineering codes of ethics , for example, require that engineers 
hold “paramount the safety, health  and welfare of the public” (e.g. NSPE 2006, 
canon 1), an obligation that should be manifest in the design requirements. 
More generally, a number of moral values  can be mentioned that can, and 
sometimes have to, be translated in design requirements: safety , human health , 
human well-being, human welfare, privacy, justice, sustainability , environ-
ment al care, animal health, animal well-being, et cetera. Usually, such moral 
values are too broad and vague to be used directly in the design process; they 
have fi rst to be translated into design requirements. Often, diff erent transla-
tions are possible. Safety in car design can for example be construed in terms 
of the safety of the driver and other people inside the car but also in terms of 
the people outside the car, like other car drivers, cyclists and pedestrians. Th e 
translation of general moral values into more specifi c requirements is often 
already made in laws or technical codes and standards. Such translations may, 
however, be ethically questionable. Crash tests for cars for example stress the 
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safety of the people inside the car and not the safety of people outside the car 
(Van Gorp 2005). Th is is ethic ally dubious because for people inside the car 
the risks are more voluntary than for cyclists and pedestrians that are hit by 
the car in case of an accident. Moreover, the people inside the car have the ad-
vantage of using the car while cyclists and pedestrians only face the risks. Both 
factors, the degree of voluntariness and the distribution of risks and benefi ts, 
mean that from an ethical point of view, the risks to people outside the car are 
morally more problematic than the risks to those inside the car.

Choosing between Alternatives: Trade-off s  

In developing and designing technologies, engineers usually have to choose 
between diff erent alternatives that fulfi l the same or similar functions. What is 
the best option to connect two shores of a river: a bridge, a tunnel, a ferryboat 
or maybe a cable railway? In making such choices, it will often be the case that 
an option that scores best on one design requirement or criterion scores less on 
another. 

An example is the DutchEvo . Th is is a prototype of a new car developed by 
staff  and students at Delft University of Technology in the Netherlands (Van 
Gorp 2005). Th e DutchEvo is an ultra lightweight car and is therefore more 
environmentally friendly according to its developers: a light car uses less en-
ergy and therefore pollutes less and uses less non-renewable resources than 
other cars. To achieve such a lightweight car, the engineers had to leave out 
some safety systems such as ABS (anti-lock brake system) that have become 
common in cars over the last few years. Moreover, light cars are less safe than 
heavy cars because during a collision the lighter car gets the larger acceleration 
due to the law of conservation of momentum. From a moral point of view, one 
might wonder whether the increase in environment al friendliness is worth the 
loss in safety . 

In the case of the DutchEvo, reducing energy consumption and environmen-
tal pollution might be motivated by a number of ethic al concerns. One is the 
health  of people: pollution by cars is an important cause of health problems 
and premature deaths (Künzli et al. 2005). Another concern is the welfare 
of future generations . If we consume “too” many non-renewable resources, 
there may be “too” few left for future generations to fulfi l their needs. From a 
standpoint of intergenerational justice – i.e. justice between generations – this 
might be considered undesirable. Th e Brundlandt defi nition of sustainability , 
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for example defi nes sustainable development as: “development that meets the 
needs of the present without compromising the ability of future generations to 
meet their own needs” (WCED 1987: 43). 

Also, an ethic al concern for the environment  or nature as worthwhile in itself 
– what philosophers call “intrinsic value ”- may motivate the choice for less 
energy consumption. It is important to spell out such ethical reasons in some 
detail if we are to come to a considered and justifi able judgement whether in 
the case of the DutchEvo the gain in environmental friendliness is worth the 
loss in safety. 

Engineers thus may face trade-off s between ethically relevant design criteria 
in choosing between alternatives. In making and justifying decisions in such 
cases, engineers can have recourse to ethical theories (see Meganck, chapter 
11 in this book). One could for example look for an option that best meets 
the diff erent rights of the stakeholders involved (rights ethics ). One might also 
look for an option that maximizes overall happiness (utilitarianism ). Or one 
might wonder which option could stand the test of universalisation (Kant ) . In 
the case of cars, one could, for example, wonder whether the maxim “drive a 
heavy car to improve one’s safety  compared to other traffi  c participants” would 
meet the test of universalisation. Th e answer is probably no, one reason being 
that if everybody followed this maxim, it would become impossible to increase 
one’s relative safety compared to other car drivers, because everybody uses the 
heaviest car available. So universalisation results in a denial of the maxim.

Approaches in Engineering Practice

In engineering practice, a number of approaches have been developed to deal 
with trade-off s  and to choose between alternatives. Table 12.1 gives an over-
view of these methods (Th is fi gure is drawn from Van de Poel 2004). 

Cost-benefi t analysis  is a utilitarian method  in which the social costs and ben-
efi ts of all options are compared and the option with the largest net social 
benefi t is chosen. Th e disadvantage of this method is that costs and benefi ts 
cannot usually be so easily expressed in terms of money. Th is method, moreo-
ver, neglects the distribution of costs and benefi ts and the fact that certain 
options possibly violate the moral rights of certain stakeholders and might for 
that reason be considered unacceptable. 
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Multi-criteria analysis  proceeds by scoring all alternatives on a set of criteria. 
Th e criteria can be given diff erent weights. Th e option with the highest overall 
score is chosen. Although multi-criteria analysis does not require expressing all 
advantages and disadvantages in monetary terms, it presupposes that there is 
some common measure on which for example safety  and sustainability  can be 
compared. Th is is often highly problematic. Moreover, it can be shown that, 
if for the scoring of the options on the criteria a diff erent measurement scale is 
used, a diff erent outcome might result. Th is is obviously not desirable. 

Th e third method, setting thresholds, has the advantage that no direct trade-
off s have to be made. Instead, for each criterion, a threshold or minimal value 
is set. Each design that meets all thresholds is considered desirable. A prob-
lem with this method is that one might end up with no alternatives or too 
many alternatives; in both cases, the method is not really helpful in choosing. 
Moreover, one might wonder whether it is possible to set a minimal desirable 
level of safety of an artefact without knowing what the feasible options are and 
without making implicit trade-off s . 

Th e fourth method is looking for new alternatives that better meet all design 
criteria. In a sense this approach is the driving force of technological develop-
ment. Although it is often useful, it does not really solve the choice problem. 
After developing new options, there may still not be a clearly best option.

Table 12.1.  Methods Used in Engineering Practice for Choosing 
be tween Alternatives and Trading Off  Design Criteria

Method How are 
the criteria 
weighted?

Advantages Disadvantages

Cost-bene-
fi t analysis

Everything 
is expressed 
in monetary 
values

•  Options are com-
parable

•  Hard to carry out
•  Can everything 

be measured in 
monetary values?

•  Neglects moral 
rights

•  Neglects distribu-
tions of costs and 
benefi ts



252 • Ibo van de Poel

Multi-
criteria 
analysis

Trade-off s be-
tween the dif-
ferent criteria

•  Options are com-
parable without 
expressing every-
thing in terms of 
money

•  Are trade-off s 
between criteria 
possible?

•  Result depends on 
measurement scale

Th resholds A threshold is 
set for each de-
sign criterion.

•  Th e selected alter-
natives meet the 
thresholds

•  No direct trade-
off  between the 
criteria

• Can thresholds be 
determined inde-
pendently from each 
other?

• Possibly, too many 
or too few alterna-
tives

Develop-
ing new 
alterna-
tives

Not applicable •  Can lead to alter-
natives that are 
clearly better than 
all of the present 
alternatives

• Does not solve the 
choice problem in 
many cases

We should not conclude from the above that the choice between alternatives 
that score diff erently on various criteria is random. Th e methods are useful. 
However, which method is best will depend on the situation. Th e discussion of 
pros and cons can help you to make a justifi ed choice based on proper reasons. 
Moreover, it is good to be aware of the shortcomings of the various methods, 
so that you can try to limit these shortcomings in a concrete situation. 

Risk s 

Technologies often have unintended and undesirable eff ects. Cars may crash 
and kill people. Chemical plants pollute the environment . Cameras on the 
streets may diminish privacy. Technologies in other words are hazardous to 
people, the environment  and animals. Sometimes, such hazards are known 
beforehand; sometimes they are not known or even cannot be known before-
hand. If a hazard is known beforehand and can be expressed in a number, we 
usually speak of a risk. Risk is usually defi ned as the product of the probability 
of an undesired event and the eff ect of that event (Covello and Merkhofer 
1993; Hansson 2004). Th e probability is often viewed as the relative frequency 
of an undesired event, like for instance once in every 10 years. Th e eff ect is 
sometimes expressed in terms of the number of fatalities. When defi ned thus, 
the concept of risk is a measure for the expected number of fatalities in a given 
period of time. 
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Safety  and the Reduction of Risk s

Making safe installations, by reducing hazards and risks, is an important ethi-
c al duty of engineers. Most engineering codes of ethics  stress the responsibility  
of engineers for making safe constructions. Also on the basis of consequential-
ism , duty ethics  as well as virtue ethics, it can be argued that engineers have 
to strive for safe products ; the exact arguments, however, diff er from theory to 
theory.

Consequentialism implies that engineers must strive for good consequences, 
including safe products. Th e desirability to design safe products can also be 
formulated in terms of “no harm.” Th is can be justifi ed in terms of consequen-
tialism  or in terms of the freedom principle of John Stuart Mill, which states 
that we are free to act as we want, unless we harm others by our actions . Th e 
maxim “do not harm others” can also be justifi ed on the basis of duty ethics  or 
Kant ’s universalisation test. Denying this maxim would imply that you have 
to accept that others harm you, so depriving yourself from all hope of security 
which one generally desires. In virtue ethics  caring for the users of one’s prod-
ucts or more generally caring for the people who experience the impact of one’s 
design, is an important virtue. On such grounds, striving for safe products is 
an important virtue.

Engineers can, during the design process, take diff erent measures to reduce 
risks. Hansson (2006) mentions four possible strategies for safe design:

• Inherently safe design. Avoid dangers instead of coping with them for 
example by replacing substances, mechanisms and reactions that are 
dangerous by less hazardous ones.

• Safety factors . Constructions are usually made stronger than the load 
they probably have to bear. Adding a safety factor to the expected load 
or maximum load is an explicit way of doing this.

• Negative feedback. In case a device fails or an operator loses control, a 
negative feedback mechanism can be built-in to cause self-shutdown. 
An example is the dead man’s handle that stops the train when the 
driver falls asleep or loses consciousness.

• Multiple independent safety barriers. A chain of safety barriers can be 
designed that operate independently so that, if the fi rst fails, the others 
still help to prevent or minimize the eff ects.
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Th e Acceptability of Risk s

In general, it is desirable to keep risks as small as possible. Th e larger the risk, 
the larger either the likelihood or the impact of an undesirable event is. Risk 
reduction therefore is an important goal in the design process. However, risk 
reduction is not always feasible or desirable. It is sometimes not feasible, be-
cause there are no absolutely safe products and technologies. Th ere will always 
be a risk, however small. But even if risk reduction is feasible, it may not be 
desirable from a moral point of view. Reducing risk often – but not necessarily 
always – comes at a cost. Safer products may be more diffi  cult to use or more 
expensive. So sooner or later, one is confronted with the question of what is safe 
enough? What makes a risk acceptable?

Some engineers and scientists believe that if, according to risk assessments, the 
risks of two diff erent activities are the same, then those activities are equally ac-
ceptable. In other words, if one activity is accepted then a second activity with 
similar risks must also be accepted. Th ere are a number of reasons why, in gen-
eral, this argument is not valid. First of all, not all risk assessments are equally 
reliable. Th erefore, it is questionable whether it always makes sense to compare 
the outcomes of risk assessments of two diff erent technologies. Second, risks 
are often multidimensional while in risk assessments only one dimension, or a 
limited number of dimensions, is examined. Risk  is often expressed in terms 
of the expected numbers of fatalities per unit of time. Two technologies that 
are equally risky in terms of expected fatalities per unit of time might pose 
very diff erent risks in terms of human health , damage to ecosystems, economic 
damage, et cetera. Th ird, the acceptability of a risk does not only depend on 
how large a risk is, but also on whether people voluntarily take certain risks 
and consent to them. Traffi  c risks for example tend to be taken more voluntar-
ily than nuclear power risks, especially since nuclear plants are often built in 
certain areas without the consent of the population. Simultaneously, the risks 
undertaken during skiing are, in turns, taken more voluntarily than traffi  c 
risks. Fourth, risks are not just acceptable in themselves; rather, they are ac-
ceptable because risky activities have certain benefi ts. Th is means that if there 
are more benefi ts, larger risks might be acceptable. Fifth, the acceptability of 
risks also depends on the availability of alternatives. If an alternative technolo-
gy is available that has no major drawbacks compared with current technology 
but far less risks, the risks of the current technology may well be considered 
unacceptable. Finally the acceptability of risks will also depend on how fairly 
the risks and the benefi ts of the related risky activities have been distributed. 
Th ink, for instance, of a chemical factory built in a ghetto in a Th ird World 
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country where the advantages, such as employment, profi t and useful prod-
ucts, all go to people who do not live in the ghetto. Th is seems unacceptable 
from a moral point of view.

Th e above discussion reveals three important considerations in judging the 
acceptability of risk s (cf. also Hansson 2004; Harris et al. 2000; Shrader-
Frechette 1991). One is whether the benefi ts of the risky activity are worth 
the risks and whether there are alternatives that do any better in this sense. 
Th is consideration is justifi ed by consequentialism . A second consideration is 
whether the risk is taken voluntarily and people have had the opportunity to 
consent to the risk or not. Th is consideration can be justifi ed on right ethics  
grounds or in terms of duty ethics . Kant  tells us to treat people as ends in 
themselves and not merely as means. It might be argued that such respect for 
persons requires that people should have the freedom to consent or not to the 
risk to which they are subject. Th is idea is also expressed in terms of informed 
consent  (see chapter 11). A third consideration is whether the distribution of 
risks and benefi ts is fair. 

Script s

Technologies can change the way people perceive the world and the way they 
behave. As Winston Churchill  has said: “We shape our dwellings and afterwards 
our dwellings shape us.” Th e notion of “script” has been coined to deal with 
this infl uence of artefacts and buildings (Akrich 1992; Latour 1992; Verbeek 
2005). Th e idea is that certain prescriptions are built into technical products 
that infl uence how people perceive the world and how they behave. Such pre-
scriptions do not usually force people to behave in a certain way but they invite 
or aff ord certain perceptions or behaviour or they restrain or make unattractive 
certain behaviour. An example is the speed hump. Speed humps do not literally 
force you to drive more slowly, but they certainly make it unattractive to drive 
fast. A speed hump is a good example of a moralizing technology, a technology 
that prescribes in some sense a moral maxim – do not drive too fast through 
a living area – to people. Interestingly, speed humps are also sometimes called 
“sleeping policemen” in English, underlining the fact that the artefact in a 
sense takes over the task of a policeman. 

Scripts in technology raise moral issues in several ways. One way has already 
been described: by moralizing the user. Another is that scripts may include or 
exclude people from using a product. A third way is that scripts may require 
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certain social structures and division of responsibility. Th ese three issues will 
be discussed below.

Exclusion 

In designing a product, certain presuppositions about the users of the prod-
uct are made. Diff erent users, for example, have diff erent abilities, physical 
strengths and heights. A traditional can opener, for example, presupposes 
certain abilities and a certain physical strength. Th e elderly may not possess 
such strength and therefore be unable to open a can with a traditional can 
opener. Th ey are therefore excluded from using the product and the benefi ts 
this brings. Th is exclusion need not be a moral problem if other can openers 
that the elderly can use are available at aff ordable prices. Th e situation be-
comes more problematic if people are excluded from a certain vital service or 
product for which no aff ordable alternatives are available. Electronic ticketing 
machines for train tickets, which are diffi  cult for the elderly to use, may be an 
example, especially if no other ticketing service is available. 

Moralizing through Technology 

Technologies can also be used to moralize users. A good example is the auto-
matic seatbelt. With automatic seatbelts, a car does not start if the automatic 
seatbelt is not used. Th is forces the user to use the automatic seatbelt. One 
could say that the value  of driver safety  is built in the technology of automatic 
seatbelts. Th is comes at a cost, however: the user has less freedom. Interest-
ingly, various seatbelt designs exist that imply diff erent trade-off s  in terms of 
safety and user freedom. Th e traditional seatbelt for example does not enforce 
its use, but there are also systems that give a warning signal if the seatbelt is 
not used. Th is does not enforce using the seatbelt, but encourages the driver 
to do so.

Another example of a moralizing technology  is the prepaid energy card for the 
delivery of energy at home. In the Netherlands, an experiment with prepaid 
energy has been carried out (Rotterdams Dagblad 1 June 2005). Th e experi-
ment was aimed at people who have diffi  culties with paying their energy bills. 
Th e prepaid card makes them more aware of their energy use and their budget 
constraints. In the experiment, the use of the card was voluntary. Th e advan-
tages of the card are clear: it raises awareness of energy consumption, might 
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in this way contribute to less environment al damage and it helps people not 
to overspend their budget. However, it might also be argued that the card 
stigmatizes people. Th is would especially be the case if the card became com-
pulsory for certain groups, like for example people who receive social security 
benefi ts. 

Th e two examples show that moralizing through technologies has its advantag-
es and disadvantages. It is perhaps true that some degree of moralizing through 
technology is inevitable as technologies always infl uence people’s behaviour 
(Verbeek 2005). Still, the degree of infl uence and the direction of it depend on 
design choices, as the seatbelt example shows, and the social arrangements for 
the implementation of technology, as the example of the prepaid energy card 
illustrates. In these cases, important moral decisions are made in the design 
process.

Social Structures and Responsibility 

Some technologies require a certain social structure to function properly. Plato  
in the Republic already argued that to navigate a ship one needs one and only 
one captain and that the crew needs to obey the captain. In other words, navi-
gating a ship requires a hierarchical social structure. In a similar fashion, Lang-
don Winner has argued that the atomic bomb requires an authoritarian social 
structure: “[T]he atom bomb  is an inherently political artefact. As long as it exists 
at all, its lethal properties demand that it can be controlled by a centralized, rigidly 
hierarchical chain of command closed to all infl uences that might make its working 
unpredictable. Th e internal social system of the bomb must be authoritarian; there 
is no other way” (Winner 1980: 131). Winner might exaggerate the point that 
an authoritarian structure is required, but that the atomic bomb requires some 
social structure of control to prevent certain misuse seems inevitable.

Technologies might not only further or require certain social structures, but 
also certain divisions of responsibility. An interesting example is the so-called 
V-chip  (FCC 2005). Th e V-chip is an electronic device that can be built into 
televisions to block television programs that are violent or otherwise unsuitable 
to children. In the USA, the V-chip has been required for all televisions of 13 
inch and larger since January 1 2000. Th e V-chip functions as follows: the tel-
evision stations broadcast a rating as part of the program. Th e parents program 
the V-chip by setting a threshold rating. All programs above the rating are then 
blocked by the V-chip. 
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In order for the V-chip to function properly, it requires a uniform rating system 
and organizations doing the rating. Th e latter can be the TV station, the pro-
gram makers, the government or an independent review board. In the USA, 
the National Association of Broadcasters, the National Cable Television As-
sociation, and the Motion Picture Association of America have established a 
rating system known as “TV Parental Guidelines”. Th e program makers or 
television stations give ratings to the programs. A TV Parental Guidelines 
Monitoring Board monitors the application of the rating system and deals with 
complaints.

Figure 12.1.  Division of Labour with Respect to Violence on Television
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If one compares the V-chip  with the previous situation, or the situation exist-
ing outside the USA, some interesting shifts in the division of responsibility  
become clear (Figure 12.1). In the traditional situation, parents were mainly 
responsible for what their children saw on television. Th ey did so presumably 
by switching off  the TV. Th ere were in most countries no formal or legal re-
strictions for TV programs although there were some moral constraints, for 
example of “good taste.” 

Th e second situation is one in which the programs contain a rating, which may 
be helpful for parents to decide which program their children are allowed to 
see and which ones they are not. Th is system exists in many European coun-
tries. In this system parents are still mainly responsible for what their children 
watch, although the judging of the programs has partly been taken over by 
others, who are responsible for applying the ratings to programs. 

With the V-chip the actual responsibility  of parents has further diminished. 
If they choose to use the V-chip, they only have to set the rating they fi nd 
acceptable for their children. Note, however, that in doing so they presume 
– at least tacitly – not only that the rating system is applied properly but also 
that the rating scheme coincides with their own norms and value s. Actually, 
it might be the case that parents would judge some programs as unacceptable 
which are still rated as acceptable and, at the same time, they might consider 
some programs acceptable or even useful which are rated unacceptable. Th e 
new confi guration thus presupposes but also to some extents furthers a certain 
uniformisation of the norms of which programs are suitable for their children. 
At the same time, it diminishes parents’ actual responsibility for their chil-
dren. TV stations and program makers get an incentive to make responsible 
programs but the system might also be an excuse to make tasteless television 
because everybody is free to block programs they do not like with the V-chip. 
Th e V-chip thus probably changes norms and values and the responsibility for 
dealing with certain social issues. Clearly, these changes are very relevant from 
a moral point of view. 
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Divisions of Labour and Responsibility 

A division of labour between diff erent people usually characterizes engineer-
ing. Developing a product requires diff erent types of expertise and usually 
takes more time than one person has. While a division of labour between dif-
ferent people is often indispensable, it may also have disadvantages. If many 
people with diff erent tasks are involved in a project, this may create a tendency 
to consider only one’s own part. As a consequence, certain considerations, 
which are not clearly someone’s task, may be neglected. In such situations, it 
may be unclear who is responsible for what; this is known as “the problem of 
many hands” (Bovens 1998).

Th e “problem of many hands”  occurs in complex situations in which many 
people are involved and in which the allocation of responsibilities is unclear. 
An example of such a situation was the collapse of two walkways in the Hyatt 
Regency  Hotel in Kansas City in the USA on July, 17 1981, causing 114 fatali-
ties (Roddis 1993). One reason for the collapse was that, as turned out dur-
ing the investigation following the disaster, the construction did not meet the 
requirements of Kansas City Building Code. In not following the code, indi-
vidual engineers might be accused of immoral behaviour; in fact two engineers 
eventually lost their engineering registration (Roddis 1993: 1550).

Figure 12.2.  Hyatt Regency Walkways: Original Design and 
Final Implementation

Original design Final implementation

However, the investigation also showed that another major cause of the disas-
ter was lack of communication. Figure 12.2 shows the original design of one of 
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the walkways and the design as it was eventually implemented. Note that, in 
the eventually implemented design, the load on the bolts of the upper walkway 
is about twice as high as in the original design. Th is means that the walkway 
probably would not have collapsed, had the design not been changed. Th e 
building contractors changed the design because the original design was dif-
fi cult to build. Th ey changed the drawings, but these changes were not noticed 
by the structural engineers who unwittingly approved the changes. Partly, this 
problem could arise because there was confusion about who is responsible for 
changes during construction (Roddis 1993: 1553-1554). Contractors might 
feel a need during construction to change the design because it is diffi  cult to 
realize in practice, but they may not be competent enough to foresee the con-
sequences of the changes made.

Th e Hyatt Regency walkways disaster underscores a more general point. Disas-
ters or moral problems with respect to technology often arise because it is not 
entirely clear who is responsible for what. In such situations, it is not enough 
that engineers behave professionally; they also need to have an eye for how 
responsibilities are distributed in a project. 

References

Akrich, M. (1992). “Th e description of technical objects”. In: Wiebe Bijker and John 
Law (eds). Shaping technology/building society; studies in sociotechnical change. 
MIT Press, Cambridge (MA): 205-24.

Bovens, M. (1998). Th e quest for responsibility. Accountability and citizenship in 
complex organisations. Cambridge University Press, Cambridge.

Covello, V.T. and M.W. Merkhofer (1993). Risk assessment methods. Approaches for 
assessing health and environmental risks. Plenum, New York and London.

FCC (2005). V-chip: Viewing television responsibly, [Online], Federal Communi-
cations Commission. Available from: <http://www.fcc.gov/cgb/consumerfacts/
vchip.html> [28 February 2006)]

Hansson, S.O. (2004). “Philosophical perspectives on risk”. In: Techne Vol. 8 No. 1: 
10-35.

Hansson, S.O. (2006). “Safe design”. In: Techne Vol. 10 No. 1: forthcoming.
Harris, C.E., M.S. Pritchard and M.J. Rabins (2000). Engineering ethics: Concepts 

and cases. Wadsworth, Belmont etc.
Künzli, N., R. Kaiser, S. Medina, M. Studnicka, O. Chanel, P. Filliger, M. Herry, 

F.Hofak Jr., V. Puybonnieux-Texier, P. Quénel, J. Schneider, R. Seethaler, J.-C. 
Vergnaud and H. Sommer (2005). “Public-health impact of outdoor and traffi  c-



262 • Ibo van de Poel

related air pollution: A European assessment”. In: Th e Lancet, Vol. 356 No. 9232: 
795-801.

Latour, B. (1992). “Where are the missing masses?” In: Wiebe Bijker and John Law 
(eds). Shaping technology/building society; studies in sociotechnical change. MIT 
Press, Cambridge (MA): 225-58.

Lessig, L. (1999). Code and other laws of cyberspace. Basic Books, New York.
NSPE (2006). NSPE code of ethics for engineers, [Online], National Society of Pro-

fessional Engineers, USA. Available from: <http://www.nspe.org/ethics/eh1-code.
asp> [28 February 2006)]

Rip, A. (1995). “Introduction of new technology: Making use of recent insights from 
sociology and economics of technology”. In: Technology Analysis & Strategic 
Management Vol. 4 No. 4: 417-31.

Roddis, W.M.K. (1993). “Structural failure and engineering ethics”. In: Journal of 
Structural Engineering Vol. 119 No. 5: 1539-55.

Rotterdams Dagblad (1 June 2005). Start proef in Rotterdam met prepaid energie, 
[Online], Available from: <http://www.energie-info.nl/Artikelen.php?ID_Artikel=
608> [18 February 2006)]

Shrader-Frechette, K.S. (1991). Risk and rationality. Philosophical foundations for 
populist reform. University of California Press, Berkeley.

Van de Poel, I. (2004). “Ethische vragen bij het ontwerpen van techniek”. In: L. 
Royakkers, I.R. Van de Poel and A. Pieters (eds.). Ethiek & techniek. Morele 
overwegingen in de ingenieurspraktijk. HBuitgevers, Baarn: 118-42.

Van de Poel, I. (2005). “Engineering design ethics”. In: Carl Mitcham (ed.), Ency-
clopedia of science, technology, and ethics. Macmillan Reference USA, Detroit: 
622-25.

Van Gorp, A. (2005). Ethical issues in engineering design. Safety and sustainability. 
Simon Stevin Series in the Philosophy of Technology, Delft.

Verbeek, P.-P. (2005). What things do. Philosophical refl ections on technology, agen-
cy, and design. Penn State University Press, Penn State.

WCED (1987). Our common future. Report of the world commission on environ-
ment and development. Oxford University Press, Oxford.

Winner, L. (1980). “Do artifacts have politics?” In: Daedalus No. 109: 121-36.



Chapter 13 

Questioning Whistleblowing as a 

Response to the Engineer’s Dilemma of Loyalty

Christelle Didier

Abstract: Th is chapter deals with the emergence of engineering ethics  in a transna-
tional perspective. It discusses the issue of the engineer’s loyalty . Th e fi rst part presents 
the case of the United States, where codes of ethics for engineers have existed for a 
long time. How did the engineers’ deontology  originate in the USA? When were the 
fi rst codes published? When did the issue of whistleblowers appear and why? Th is 
historical part shows how the question of the engineer’s loyalty appears problematic, 
in particular when loyalty to the employer seems in opposition to the social respon-
sibility towards society as a whole. Th e second part of this chapter deals with the 
situation in France, where there has been no code until recently (1997 and 2001). In 
this context, where the professional rhetorical discourses are few in comparison with 
the USA, what do engineers say about their right and/or their duty to ensure that 
their voices are heard? Th e third part of this chapter discusses the conditions and pos-
sibilities of whistleblowing  for engineers in various legal and cultural contexts. First, 
it presents a few cases which illustrate the lack of protection. Secondly, it presents the 
Sarbanes-Oxley law passed in 2002 in the USA. Th irdly it shows the diffi  culties to 
adapt the logic of “internalized whistleblowing” to the French legal and cultural con-
text. Finally, it opens up a discussion on the ethical limits of the institutionalisation 
of whistleblowing.

A Well-Polished Rhetoric: the Case of the USA

Professional Deontology at the Heart of the Professionalization  of Engi-
neers

In the United States, engineering as a profession has the distinction of having 
formed an ethos very early on, through the writing and the propagation of 
codes. Th e fi rst traces of deontology date from the end of the 19th century and 
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are linked to the development of the professionalization of engineers. According 
to historian Edwin T. Layton  who analysed speeches made within the context 
of engineering associations between 1895 and 1920, their spokesman saw en-
gineers as agents of technical change and therefore as the vital force of human 
progress and of enlightenment. Th ey depicted engineers as disinterested logical 
thinkers and, as such, apt to take on the role of leaders and referees between 
the classes. Engineers had the social responsibility of protecting progress and 
ensuring that technical changes were used for the good of humanity (Layton 
1986: 57) Th e technocratic ideal asserted in these speeches is not unique to the 
United States. On this subject, André Grelon alludes to the numerous declara-
tions made since 1851 for the various universal exhibitions in which could be 
found “that very spirit of the exaltation of science, technique and industry, the 
miraculous trinity to which man owed his happiness. And at the heart of this 
process, now and forever, are the engineers” (Grelon 1999: 89).

Th e American Society of Civil Engineers, (ASCE) created in 1852, is one of 
the oldest professional civil (i.e. non-military) engineering organisations in the 
world as well as in the USA. Referring to this event David notes that “almost 
immediately [American engineers] began to grapple with the contradictions inher-
ent in engineering professionalism, struggling to attain professional autonomy and 
defi ne standards of ethics and social responsibility within the context of professional 
practice that demanded subservience to corporate authority.” (Noble 1979: 35).

Beginning of the 20th Century: the First Codes of Ethics

Even though the “production” of codes of ethics  had been precarious and im-
portant in the United States, it was in Europe that the fi rst code of profes-
sional conduct, written by and for engineers, was adopted: in Great Britain in 
1910 by the prestigious Institution of Civil Engineers (ICE). Th e fi rst American 
code, published by the American Institute of Consulting Engineers (AICE), fol-
lowed close behind and was strongly inspired by the ICE text. In 1906 Th e 
American Institute of Electrical Engineers (AIEE) voted in principle for writing 
a code, which was not adopted until 1912. Th e American Institute of Chemical 
Engineers (AIChE) adopted the code in 1912, only four years after its creation; 
followed by the American Society of Civil Engineers (ASCE), in 1914, sixty-
two years after its creation. Finally, in 1914, the American Society of Mechani-
cal Engineers (ASME) rewrote the AIEE code with only minor modifi cations 
(Wiseley 1977: 31). 
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Despite their diversity, these fi rst texts were rather similar in that they particu-
larly stressed the necessity of engineers’ loyalty towards their employers. Th e 
fi rst AIEE code, for example, specifi ed that “Th e engineer should consider the 
protection of a client’s or employer’s interests his fi rst professional obligation, 
and therefore avoid every act contrary to this duty.” Th e ASCE code defi ned 
the engineer as “a faithful agent or trustee”. Paradoxically, these codes which 
had fi rst been written in order to promote the development and prestige of the 
engineering profession, as a consequence, wore away rather than strengthened 
professional autonomy , raising (for independently working professional engi-
neers) the defense of the clients’ interests to the same level as the defense of the 
employers’ interests in the case of  engineers in salaried employment.

Th e Emergence of Social Responsibility in the 1970s

Until the beginning of the 1970s, the discussions about the professional eth-
ics of engineers only dealt with the norms of professional conduct. Th ey only 
started to open up to external concerns – beginning with the responsibility of 
engineers towards public security – in the middle of the 20th century. However, 
since 1922, an engineer, Morris Cook, a fervent defender of the codes, high-
lighted their “failure to mention public interest as a test- or rather the supreme 
test of action” (Cook 1922: 69). Indeed, in 1926, the American Association of 
Engineers (AAE) stated that “engineers should consider their obligations regard-
ing the public good as supreme to all others”, yet, their temporary association had 
little infl uence on the profession (Harris  1995: 133). 

Movements against nuclear arms and in favour of the environment in the 
1950s and 1960s, then the consumer movement in the 1960s and 1970s, the 
critical discussions regarding techniques in the intellectual milieus and, fi nally, 
a renewed interest in democratic values contributed to the enlargement of the 
themes dealt with and to the introduction of the codes with the 1947 ver-
sion of the Engineers’ Council for Professional Development (ECPD): this estab-
lished that “engineers will have due regard for public safety and health”. Th e 
1974 code is even clearer since it expected engineers to “hold paramount public 
health, safety and well-being in achieving their professional duties”. 

Th e ECPD – known today as the Accreditation Board of Engineering and Tech-
nology (ABET) – was founded in 1932 in order to promote the training of en-
gineers and to issue an accreditation to such programs. Its 1974 code, divided 
into three separately adoptable levels, is one of the fi rst to have succeeded in 
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uniting the most important professional organisations in the United States 
around a common text. Two years after its publication, the “fundamental prin-
ciples” of the code were adopted by eight out of its sixteen organisation mem-
bers, the “fundamental canons” by six of them and the “codes of conduct” by 
one of them. Only the Institute of Electrical and Electronics Engineers (IEEE) 
refused this code. Th is organization is particularly active in the domain of 
ethical refl ection, and asserted on its turn, in 1974, that “the engineers’ responsi-
bility regarding their employers and their clients was limited by their obligation to 
protect public safety, health and well-being”. 

Th e issue of engineers’ responsibility regarding the environment was raised 
later on, once again with great care. In 1977, the American Society of Civil 
Engineers (ASCE) was the fi rst to quote the following theme: “engineers should 
be committed to improving the environment to enhance the quality of life”. Us-
ing “should” in the sentence rather than “shall” meant this article was not 
compulsory. Th e more assertive formulation, proposed in 1983 according to 
which “engineers shall perform service in such a manner as to husband the world’s 
resources and the natural and cultured environment for the benefi t of present and 
future generations”, has been repeated and has never been reconsidered since 
that time.

Th e 1990 version of the IEEE code – still valid nowadays – was the fi rst Ameri-
can text to explicitly refer to engineers’ responsibility regarding the environ-
ment. “WE, the Members of the IEEE, in recognition of the importance of our 
technologies in aff ecting the quality of life throughout the world (…) agree to accept 
responsibility in making engineering decisions consistent with the safety, health 
and welfare of the public, and to disclose promptly factors that might endanger 
the public or the environment”. Th e fi rst AIEE text from 1912 encouraging 
engineers to avoid any act contrary to their duty to consider the protection of 
their clients’ or their employers’ interests as the fi rst professional duty, seems 
far away. Furthermore, it is not the new concern about the environment which 
makes the 1990 text rather original but mainly the unprecedented mention of 
a “duty of disclosure”. 

Th e First “Whistleblowing” in the 1970s-1980s

In the USA, two historical events infl uenced the realization by engineers of 
their social responsibility : the BART incident (Bay Area Rapid Transit) in 
1972 and the dramatic explosion of the spaceship Challenger in 1986 which 
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are related and analysed in most American engineering ethics manuals and in 
many articles published in specialised periodicals. Th e BART story is the fol-
lowing: three engineers noticed that some steps in the manufacture of trains 
ordered by their company were made by incompetent fi rms or teams. Th ey 
pointed out the problem to the Board. One of the Board members warned 
the press. Th e engineers were dismissed. Th e ensuing inquiry proved that they 
were right, and this was dramatically confi rmed by the derailing of a train in 
October 1972 in Frémont (Andersen et al.1980). A reference to this case can be 
found in the essay on the engineering profession by Stephen H. Unger  (1982). 
Th is pacifi st Quaker was already at that time an active militant in the fi eld of 
professional ethics within the IEEE, of which the three BART engineers were 
members as well. It is important to mention that the IEEE chose to re-judge 
the case of the three engineers and that, in 1978, the IEEE Society for Social 
Implications of Technology, chaired by Unger, awarded them the Award for 
Outstanding Service in the Public Interest, for having courageously adhered to 
the letter and the spirit of the IEEE ethics code. Th is prize which is now called 
the Carl Barus prize has been awarded six times since then.

Th e Challenger accident, due to its public aspect and dramatic consequences, 
received international publicity on an entirely new level. However, if the whole 
world found out about the explosion on the morning of February 28th 1986, 
which entailed the death of seven astronauts, six soldiers and one civilian (a 
teacher), after 73 seconds of fl ight, certain aspects of the story are not well-
known. Several engineers had asked to cancel the launching of the spaceship, 
because certain joints risked breaking, due to temperatures which were ex-
tremely low in the region. One of them, Roger Boisjoly, an experienced engi-
neer from the Morton Th iokol company which conceived the booster that ex-
ploded during the fl ight, held his position until the take-off . He even accepted 
to testify in front of the commission of inquiry. He was demoted later on and, 
under intense pressure, he was forced out of the company for medical reasons. 
Since then, he has never stopped denouncing, in articles and conferences, the 
little attention paid to experts’ opinions under similar circumstances. Follow-
ing this accident, which came as a great shock to the American public, the 
Congress unanimously voted the Whistleblower Protection Act in 1989, which 
guaranteed effi  cient legal protection for the whistleblowers working within the 
Federal administration. Th is law, which Roger Boisjoly could not benefi t from, 
marks a turning point in the recognition of the necessity to protect certain 
types of information divulgence. 
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Th ese public scandals highlighted, above all, a new reality: whistleblowing. If 
this question concerns other professional contexts, and if it has recently been 
famous for fi nancial embezzlement on this side of the Atlantic, it has been 
a key concept in the engineers’ deontology fi elds for a quarter of a century. 
In 1992, the philosopher of technology, Carl Mitcham, wrote that “the most 
widely reported ethical issue in science is that of fraud in the reporting of 
results, whereas in engineering, it is whistle-blowing, the public disclosure of 
otherwise private information about unsafe designs” (Mitcham  1992: 16). Th e 
debate concerning the legitimacy and the limits of “organisational disobedi-
ence ” has in fact deeply renewed the deontological debate. We can once again 
cite the IEEE which was distinguished for its originality once more in 1996 
for its publication of a guide entitled “Guidelines for Engineers Dissenting on 
Ethical Grounds”. 

Ethics and Engineering in France 

Two Centuries without a Code

Until the end of the 20th century, in France, it is more the lack of discussions 
on the ethical stakes of the profession that dominates the engineering milieu. 
However, French engineers are not less aff ected than their American counter-
parts by the dilemma between the obedience to the organization employing 
them and the responsibility towards society, in the case of whistleblowing. 
If we cannot talk today, as we once did between the two World Wars, of “an 
invisible engineering community, united by the same faith in the technician’s ob-
jectivity and for the love of a well-done job and scientifi c progress” (Grelon  1986: 
19), if there are no longer clearly shared values, the majority of engineers are 
still faced with similar ethical questions on both sides of the Atlantic, at least 
on an individual level. Professional and academic literature on the subject has 
long been nearly non-existent in France and the theme has just recently been 
referred to by professional organizations. 

In France, the fi rst code of ethics was approved in 1997 by the Conseil National 
des Ingénieurs et Scientifi ques de France (CNISF – the French National Coun-
cil for Engineers and Scientists). It consists of an adaptation from the “code of 
professional duties” of the Fédération Européenne d’Associations Nationales 
d’Ingénieurs (FEANI) adopted several years earlier. Th e FEANI is an organi-
zation with a membership of 900 000 engineers from 21 diff erent countries. 
Its code was written on the basis of texts from a dozen or so diff erent countries, 
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most of which have an Anglo-Saxon culture (USA, Canada, Australia …). In 
2001, CNISF adopted a completely new text: the “deontological code” was re-
placed by a “CNISF engineers’ ethics charter”. In 1999, the CNISF registered 
160 000 members through organizations, mainly alumni organizations. Al-
though the engineering profession has long been organized through the Société 
centrale des ingénieurs civils (SCIC) and, above all, the confederated alumni 
organization since 1929, there is not only a lack of codes of ethics compared to 
the USA, but there are no traces either of an offi  cial deontological discussion. 
In order to outline the ethos of engineering, one must look into other places 
such as unions which appeared to be a rich source of ethical discussions.

It is important to provide historical landmarks and to mention the existence, in 
the fi rst half of the 20th century, of the Union Sociale des Ingénieurs Catholiques 
(USIC – its aim was to propagate the social doctrine of the Church, following 
the publication of the encyclical Rerum Novarum) and of the Union Syndicale 
des Ingénieurs Français (USIF). Th e latter was close to the communist union, 
CGT, which confederated the fi rst unions of engineers. Forbidden by the Vichy 
regime, like their counterparts, the engineering unions never reappeared. After 
the Liberation, a Comité d’Action Syndicale des Ingénieurs et Cadres (CASIC) was 
set up. Th e confederated and non-confederated executives attempted to agree 
on a common structure: the attempt failed and CASIC became the Confédéra-
tion Générale des Cadres (CGC) which is, today, the major centre of sectional 
executive unionism. During World War II, the majority of engineers were se-
duced by the Vichy discourse which tended to substitute for class struggle a 
cooperative understanding whose judicial frame was outlined in the Charte du 
travail (Labour Charter). Th is period stirred the communal conscience of pro-
fessions by instituting professional Orders, such as the medical Order in 1942, 
and made some engineers hopeful. Th e project of an Order resurfaced in 1942, 
but was tripped up by the impossibility of mandatory membership for all the 
engineers, yet, the myth lasted for a short time. Th us, historian Georges Ribell 
reported that, at the French National Congress for Engineers which was held 
in 1949 in Toulouse, “we did not hesitate to vote for the wish of the creation of an 
Order of the profession”. (Ribell 1986: 233).

Professional Discourse vs. Union Discourse

Professional unions and organizations have diff erent missions and approaches, 
but their members have to face the same questions. Th us, in the “Charte éthique 
de l’ ingénieur” (Ethical Charter of the Engineer) adopted by the CNISF in 
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2001, the preoccupations were similar to those developed in the “Charte sur 
l’autonomie au travail des ingénieurs vis à vis de leur employeur” (Charter 
on Engineers’ professional autonomy towards their employer) written by the 
Union Confédérale des Cadres de la CFDT (UCC-CFDT – which became 
CFDT–Cadres in 1992). Th e two documents originated from the diffi  culty of 
reconciling the duty to protect the public and the obedience to authority, but 
their approach remained clearly diff erent. Th e UCC charter stresses the moral 
obligation of engineers to indicate the existence of dangers to the environment 
or to public health, while stressing the diffi  culty of following one’s conscience. 
It states that “engineers should be allowed to refuse for reasons of conscience or to 
inform when necessary if dangerous actions are undertaken, especially when these 
decisions do not respect the environment or public safety.”

As far as the CNISF is concerned, engineers are depicted as people who “have 
a conscience and make people aware of the impact of technical accomplishments on 
the environment,” and who, “when facing an unexpected situation, immediately 
take the initiatives to make the best conditions possible and knowingly inform the 
right people.” Placing it before the right to conscientious objection referred to 
by the UCC, the CNISF insists even more on the duty to inform and to react. 
Acknowledging the fact that contradictions can sometimes surface between 
the expectations of an employer and an engineer’s conscience, the CNISF 
Charter states that “engineers would not act contrary to their conscience”: facing a 
dilemma, engineers are supposed to “draw the consequences of incompatibilities 
which could surface.” As such, while the UCC Charter defends an engineer’s 
right to “conscientious objection” – even “organizational disobedience” – the 
CNISF Charter seems to exclude the possibility of an alternative to submission 
other than resignation.

In 2003, a “manifesto for the executive’s social responsibility” was co-signed 
by several unions and organizations: “Ingénieurs sans Frontières” (Engineers 
Across the World), UGICT-CGT, CFDT-Cadres, the Charles Léopold Mayer 
Foundation for human progress, the Centre of Young Leaders and Actors in 
the Social Economy, the Centre of Young Company Leaders and the Manage-
ment School of Paris. Among the expressed objectives, one can fi nd that of 
“not being forced to take contrary choices upon oneself, between morality and the 
respect for orders, between safety and effi  ciency, between a citizen’s conscience, the 
company’s prosperity and future career, et cetera to obtain that citizenship should 
be recognized in their workplace by a right to intervene and to initiate, which can 
lead to the right to refuse or to stand up against, without retaliation or sanctions.”
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Under What Conditions Is an Ethical Warning Possible for Engi-
neers?

A Law to Protect Whistleblowers in the USA: the Sarbanes-Oxley Law

Th e production of important deontology codes in the USA underlines the way 
engineers have, over the course of their history, looked at their profession’s cen-
tral dilemma between obedience to their employer and a professional obliga-
tion to respond to the environmental and social consequences of their choices. 
French engineers are not motivated, like their American counterparts, by a dis-
course on their job as a “profession” (as defi ned in the 1947 Taft-Hartley law), 
which explains the late emergence of a deontological rhetoric . Th is is probably 
why the whistleblowing debate did not come about in France on the occasion 
of technical questions – but, rather, through problems of economy and ethics.

However, engineers are often given opportunities to denounce sanitary or so-
cial risks. Th is was the case with Francis Doussal, the head of manufacturing 
at Saria, the fi rst French knacker fi rm, who intended, from 1991 to 2001, to 
warn his hierarchy of the illegal acts of his company. His initiative led him to 
be transferred 800 km from his home. Th en the publication of a letter in the 
press of his region led to his fi ring. Th e reality of the infractions committed by 
Saria was acknowledged by the courts, but the arbitrators did not want to hear 
anything about it: Francis Doussal was sentenced to pay a 1000-euro fi ne to 
his company for “abuse of the freedom of speech.”

It is also for this motive, a gross misconduct, that the public company EDF 
(Electricité de France) fi red one of its directors of a distribution centre in Janu-
ary 2004. Th is man warned the Prefecture of the poor state of the electrical 
network in his department and of the low budget on which he relied to main-
tain it. Th e court passed a judgment: “the abuse of the freedom of speech” was 
maintained, but in the judges’ eyes, it was not a serious misconduct. In short, 
the work code does not anticipate the protection of workers who denounce a 
fault committed by their company, no matter what the fi eld may be: fi nance, 
public safety, public health, etc. However, three quarters of the executives who 
answered a survey entitled “Questioning Work”, conducted by CFDT-Cadres 
in 2002, indicated that they had already voiced the need to stand up against 
their hierarchy: 72% declared themselves favourable to a “right of opposition”, 
negotiated by the unions (42%) or written in the law (30%).
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Th e necessity to protect whistleblowers is not new, as proved by the Whistle-
blower Protection  Act voted in the United States in 1989, but this only con-
cerned the agents of the Federal Administration. Public opinion is more and 
more favourable to these heroes of our time, so much so that three “denounc-
ers” were nominated “persons of the year” by Time Magazine in 2002: Cynthia 
Cooper, Coleen Rowley, and Sherron Watkins who worked respectively for 
WorldCom, the FBI, and Enron. Th e American Congress decided to go even 
further in the protection of people who denounce, warn, or signal, by voting 
the Sarbanes-Oxley law in 2002, which forces Wall Street companies to adopt 
internal procedures allowing their employees to anonymously reveal any sus-
picions to the hierarchy.

A Problematic Transferability of the Sarbanes-Oxley Law to France

According to Wim Vandekerckhove, the observed need for the institutionali-
zation of whistleblowing results from the evolution of organizations. Due to 
their greater fl exibility, complexity, and decentralization, companies have an 
increasing need to be able to count on the unfailing individual responsibility 
of their employees. Th us, the organization is more dependent than ever on 
the loyalty of its employees and particularly its “trustworthy employees.” Th e 
latter being more and more independent in their work, organizations increas-
ingly need to be informed about what might harm them. As such, the aim of 
the institutionalization of whistleblowing, as it appears in the Sarbanes-Oxley 
law, consists in the creation of a set of procedures which allows the potential 
denouncer to point out the problems from within, before being considered 
a whistleblower in the strict sense, that is to say to reveal the problem to the 
public.

Th e Sarbanes-Oxley law seems to fi ll a void which everyone wishes to fi ll. 
But it is important to bear in mind that companies which, today, think about 
detecting the “denouncers” of internal embezzlements, are not exclusively mo-
tivated by moral qualms. Th e control by employees could become a necessary 
means to move beyond the failing traditional warning systems. Internal au-
dits, external audits, account trustees, deontologists: the fi nancial scandals of 
these last few years have proved the defi ciencies of the authorities of regulation 
already appointed; the best example, the Enron aff air, concerned the fraud 
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on accounts by its leaders, its administrators who let it go, and its blind or ac-
complice trustees.

Th e French law certainly shows a legislative gap as far as the protection of 
whistleblowers is concerned, the two aforementioned cases are enough to prove 
this, but is the Sarbanes-Oxley law a solution? Indeed, French companies will 
have to hold to it since all foreign groups in the New York Stock Exchange 
must respect this law, but its strict application in a diff erent cultural context 
is not easy. In fact, for cultural as much as historical reasons, the practice of 
denouncing is not highly looked upon in France. “In the near future, mentalities 
seem hostile to the principle of institutionalized informing, as the polls conducted 
by Formitel among the  (graduates of the oldest civil engineering school in France) 
show it: about 55% of the people surveyed are against it – the majority of those 
who oppose it classify themselves as executive offi  cers!” (Brillet, 2004, 99). More-
over, the American law is, at fi rst sight, incompatible with the French system 
for the protection of freedom as it is expressed in the texts of the Commission 
Nationale de l’Informatique et des Libertés (CNIL). Indeed, during its May 26, 
2005 session, it considered that such a system could “lead to organized systems 
of professional informing” and remarked that the possibility of creating an 
“ethical warning” in an anonymous manner could only reinforce the risk of 
slanderous denouncing.

In short, it is essential to realize that the defi nition of whistleblowing as it par-
ticularly appears in the Sarbanes-Oxley law and, more generally, in the emerg-
ing need of the institutionalization of warning, has led to its meaning being 
diluted since its fi rst appearance in the 1970s. Indeed, the original defi nition 
of whistleblowing pointed out a situation of public disclosure. By highlighting 
confl icts between companies and society, those who warned responded to a so-
cial need. Th eir proceeding always assumed that there was a confl ict of loyalty 
and refl ected the need to protect the responsibility of individuals against being 
disciplined by the organizations. Today, there is an on-going discussion con-
cerning the protection of people who warn in the interest of the organization 
with the risk of transforming the organizations into panopticons. 
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List of abbreviations

AAE American Association of Engineers

ABET Accreditation Board of Engineering and Technology

AICE American Institute of Consulting Engineers

AIChE American Institute of Chemical Engineers

AIEE American Institute of Electrical Engineers

ASCE American Society of Civil Engineers

ASME American Society of Mechanical Engineers

CASIC Comité d’Action Syndicale des Ingénieurs et Cadres – Committee of Engi-
neers’ and Executives’ Union Actions

CFDT Confédération Française Démocratique du Travail – French Democratic 
Labour Confederation

CGC Confédération Générale des Cadres – General Confederation of Executives

CGT Confédération Générale du Travail – General Confederation of Labour

CNIL Commission Nationale de l’Informatique et des Libertés – National Com-
mission on Information Technology and Freedom

CNISF Conseil National des Ingénieurs et Scientifi ques de France – National 
Council of French Engineers and Scientists

ECPD Engineers’ Council for Professional Development

FEANI Fédération Européenne d’Associations Nationales d’Ingénieurs – Euro pean 
Federation of National Engineering Associations

ICE Institution of Civil Engineers

IEEE Institute of Electrical and Electronics Engineers

SCIC Société Centrale des Ingénieurs Civils – Central Society of Civil Engineers

UCC Union Confédérale des Cadres – Confederated Union of Executives

UGICT Union Générale des Ingénieurs, Cadres et Techniciens – General Union of 
Engineers, Executives and Technicians

USIC Union Sociale des Ingénieurs Catholiques – Social Union of Catholic Engi-
neers

USIF Union Syndicale des Ingénieurs Français – Syndicated Union of French 
Engineers
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Chapter 14 

Th e Necessity for Engineers 

to Engage in Public Issues of Global Importance

Martine Revel

Abstract: What is an engineer’s specifi city? Is it his or her technical skills, capacity 
to innovate or rationality in the decision making process? From our experience of 
diff erent projects we consider that an engineer, working today in Europe, is facing 
diff erent challenges. One of these is his or her ability to engage in public debate s with 
the citizens  concerned by and connected with his or her projects. Th is skill is not ad-
equately imparted through current teaching programmes in our engineering schools, 
even though it continues to grow in importance not least in respect of successful and 
effi  cient engagement in the debates on public issues of global import. We surely know 
the importance of socio-technical design s. Th e progress achieved in industrial democ-
racy in the nineteen seventies has been crucial to our understanding of democracy at 
work. We now need to analyse the diff erent kinds of forums closely wherein engineers 
discuss their projects, and observe how well they can debate, convince or listen. One 
of the main diffi  culties acknowledged by engineers is the fact that they speak to the 
technically uninitiated. Nonetheless, from another viewpoint the context is not so 
simple, the general public is well educated in today’s world, and individual citizens can 
become very well informed about a specifi c topic or project, questioning with acuity 
every aspect of a proposed scheme. Th is is what makes public debate so interesting. 
It can lead to useful exchanges of knowledge  and produce better infrastructures. Th e 
objective in this chapter is to analyse the debating process leading to negotiated or to 
alternative solutions. We present a 3-pole model to assess any proposal in public is-
sues. Engineers usually retain only one of these poles, tending to disqualify any other 
mode.
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Introduction

Work on public debate and technical democracy has developed considerably 
since the mid-1990s. Th is has resulted in the publication of several books 
which have since been used as references. In this chapter we intend to base 
our analysis both on several readings and viewpoints and our experimental 
research in France. A few books in France have supported the rise of technical 
democracy and public debate in the academic fi eld. First, “Les Politiques de la 
nature” by Bruno Latour, and “Agir dans un monde incertain” by Michel Cal-
lon, Pierre Lascoumes and Yannick Barthe. Second, “Technology and Ethics – A 
European Quest for Responsible Engineering” by Philippe Goujon and Bertrand 
Hériard-Dubreuil, a research held with European engineers and which opens 
on technological ethics. Th ese three books, which diff er in their approach and 
the public catered for, the former from the angles of political philosophy and 
the latter from those of sociology and political science, lay the foundations for a 
conceptual transformation of the relationship between science, technology and 
society and, more generally, between expertise  and democratic debate . 

Th e term “technical democracy ” denotes new forms of relations between three 
poles: scientifi c and technological research, laypersons and concerned groups, 
and political institutions. Th ese relations are characterized by the prolifera-
tion of socio-technical controversies in situations of extreme uncertainty, by 
social mobilizations in the public sphere, and by new forms of research that 
we suggest to call “ground” research. Th e establishment and testing of origi-
nal procedures of consultation and decision-making correspond to these new 
confi gurations. 

Following those analyses, other writers have noted the strong interest in public 
debate and its observation. For instance, Rui (2004) has studied the way dis-
courses could embody diff erent logic of action. She calls for a very tight obser-
vation of the language used by the public debate participants, defi ning three 
language models. One of them, as we will demonstrate further in this chapter, 
is the engineers’ language of predilection in many debates. 

Th e work accomplished over the past four years has enabled us to devise a 
framework of analysis for grasping the originality of this new form of democ-
racy. It has furthermore aff orded an opportunity to bring political science and 
sociology of science and techniques closer together. Th e natural follow-up to 
this work shall consist in experimentation with the diff erent procedures that 
allow for the development of technical democracy.
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Th is has drawn our research on controversies over the possible construction of 
fi ve new highways (in Lille, Rouen, Nice, Neuilly and the A12 motorway in 
France), projects to be debated under the rules of the National Commission on 
Public Debate. Th is experimentation comprises various projects . Th e research 
studies have been carried out since 2003. Th ey are based on cooperation with 
actors (i.e. national or regional public authorities, fi rms, NGOs, etc) inter-
ested in the establishment of the above-mentioned procedures. Th e author, as 
a member of a team, is using participatory action research methodology. Th is 
large-scale experiment on public debate aims at understanding the conditions 
and determining to what extent those discussions are really democratic, i.e. if 
they give every willing citizen a chance to express and inform him- or herself, 
as well as identifying the impacts of public debate on the projects. 

Huge infrastructure projects nowadays have to deal with public resistance  be-
fore reaching agreement. Environmental and property rights defence move-
ments, as well as citizens’ rights to be informed, sustain a strong opposition to 
national and regional development plans, and to the people supporting them. 
Among them, engineers are facing a new challenge: to engage in public debate 
with the citizens concerned and connected with their projects. 

Primarily in the public action scheme, several new participatory devices are 
being employed with increasing frequency, and notions such as consultation, 
public debate, discussion, participation and governance are constantly and sys-
tematically considered as positive values. It is in the domains of environmental 
and territorial development that this phenomenon has become so much devel-
oped in many European countries. Th e Aarhus Convention, created in 1998 by 
UNESCO, and adopted by the French government in 2002, is by far the most 
impressive elaboration of principle 10 of the Rio Declaration, which stresses 
the need for citizen’s participation in environmental issues and for access to 
information on the environment held by public authorities. It establishes that 
sustainable development can be achieved only through the involvement of all 
stakeholders. It focuses on interactions between the public and public authori-
ties in a democratic context and forges a new process for public participation in 
the negotiation and implementation of new road developments, for instance. 
Th e Aarhus Convention grants the public certain rights, and equally imposes 
obligations on political groups and public authorities regarding the following: 
access to information, public participation and access to justice.

In the political fi eld, as well, the “deliberative imperative” (Blondiaux and 
Sintomer 2002) is growing in importance. Despite the haze surrounding the 
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defi nition of these concepts, more and more people are speaking of local de-
mocracy, public consultation and participation, etc. Th ese discourses rarely 
have any infl uence in the decision-making process: public representatives still 
remain the fi nal deciders, but theirs seem to be a situation of double bind.

Early in the public debate perspective, many of the points above were noted by 
well-known scholars. Still, few policy-making entities have, at least on the sur-
face, engaged the public debate in any meaningful manner. We are in danger 
of trivializing and degrading the potential normative value of public debate. In 
this chapter we intend fi rst to explore actual engineers’ awareness of public de-
bate, and defi ne what is called “public participation”. In a second part, we refer 
to our experimental work to show how engineers can participate in public de-
bate. Th e last section describes our three-pole model and provides an analysis.

Engineers’ Awareness of Public Debate

In this chapter, public debate consists of a very precise procedure: the dis-
cussion of a national or regional public development plan of national interest 
which presents a strong socio-economic stake or a signifi cant environmental 
impact. Th e CNDP in France (National Commission on Public Debate) is 
in charge of public participation during the elaboration of the project. Public 
participation may occur in diff erent ways: in the case of a public debate the 
discussion scope is defi ned. It can comprise the project objectives, necessity 
and basic characteristics.

Th is kind of project is often designed and planned by engineers working for 
public services or fi rms such as the French Railway, the Ministry of Transport, 
energy suppliers, etc … Th ey are usually asked to defend their projects during 
the public debate. Th is is a new role for which they are not prepared, and that 
role is growing in importance in their professional lives. In this section we 
shall consider how engineers become aware of these new stakes, and how they 
experience this new participative role. 

Various Positions Observed

During the discussion, the organization of the debate and the inherent rules 
create a situation where tacit and symbolic factors are made visible as engineers 
perform in their new role. For instance, the kind of meeting room chosen, of-
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ten large amphitheatres, creates an unequal empowerment of the participants 
in any public debate. Th e commission ruling the meeting position themselves 
on a stage, close to the project initiators, their engineers and director. In front 
of them, “the public” composed of NGO members, company representatives, 
public authorities and politicians as well as “ordinary citizens ”. When experts 
are asked to deliver their analysis of various technical problems, they can be 
among the public or on the stage. Some engineers might equally be called as 
experts. Th is “mise en scène” clearly shows a distinction among the public 
debate participants: those on the stage collect knowledge and ability to speak 
much more than those sitting in the amphitheatre. Th e setting thus is not 
neutral: it seems to contain a “script” as described in the chapter of Ibo Van de 
Poel (Chapter 12).

Th e time repartition is very tightly controlled by the commission. Th e result 
for the engineers is a very strong call for brevity and concision of their speech-
es. To explain complex stakes and options in a clearly understandable way in a 
short period of time is a challenge. 

Depending on the political context, the degree of preparation of the fi rst drafts 
used to present the project and the commission’s ability to maintain a demo-
cratic discussion process might infl uence the degree of public participation 
from one meeting to another. In one of our experiences we saw the public 
participation in a debate decrease until there were only 50 persons left. Can 
one, in such a case, still legitimate the discussion to be representative? In some 
others, a contradictory, pluralistic and egalitarian dialogue could take place 
between hundreds of participants. 

How Do You Express Yourself? 

Various positions might be observed on the engineers’ part. Th e most common 
is a protective attitude, refl ecting a conservative approach to the engineer’s role 
in public debate. Th e engineer uses a specialist language which is diffi  cult to 
understand. He or she tends to defend “his or her” project and tries to explain 
its technical aspects from an objective viewpoint. From his/her point of view, 
his/her role is to inform the public about the project’s main technical aspects, 
not to discuss its prerequisite. 

He or she often feels unable to express him- or herself, due to a lack of time. 
He/she is exposed to attack from opponents, calling him/her a liar, doubt-
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ing the sincerity and objectivity of his/her presentation. Th is position is not 
pertinent in a public debate, because it usually leads to a lack of listening. Th e 
project seems intangible and thus the discussion is closed. 

Th is scenario refers to the fi rst technical democracy model described by Cal-
lon, Lascoumes and Barthe. It is called “Public instruction” and is based on 
abstraction. Th e objective is to inform the people, i.e. give them scientifi c data 
and unbiased information to make them understand the project’s utility and 
credibility. Th e decision to develop the project or not belongs to the elected 
representatives who embody the general public interest versus that of “inter-
ested” parties. 

Th e language used in this case corresponds to what Rui (2004) describes as 
the language of knowledge (see Buch’s fi rst model of knowledge in chapter 
8). Based on scientifi c knowledge and thinking schemes, it is characterized by 
the impersonality of its language (“one” – “it is necessary …”), its pretension 
to objectivity and its rational approach. Well adapted to complex and tech-
nical discussion among specialists, this language does not correspond to the 
re quisites of public debate. People employing this language cannot adapt their 
vocabulary to everybody’s comprehension. Furthermore, the engineers are per-
ceived as being arrogant, while hiding behind fi gures, and trying to conceal 
information from the public.

Although this fi rst position is dominant among engineers, another can be ob-
served. Th at is to say among those who become aware of the political questions 
underlying the project discussion. Th is other position during the public debate 
implies an important identity and cultural change among engineers (We will 
develop this question in the third part of this chapter). It also requests to agree 
on a basic defi nition of public participation allowing a real empowerment of 
the stakeholders. 

Cross Fertilization 

Th e public discussion of the projects  expresses fi rst and foremost a change in 
the nature of the confl icts, which today concern as much the legitimacy of 
the projects as the manner in which they are implemented. Th is fact makes 
engineers feel far more uncomfortable because they cannot rely only on giving 
information to the public, but will also have to explain and accept that they 
do not embody general interest . Th ey have to make the demonstration that 
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their suggestions are clever and adapted to social, economic and environmental 
stakes. As the aim is to produce better infrastructures, well-educated citizens 
can sometimes become as pertinent as engineers. Th is is what we call “cross 
fertilization” knowledge exchange s. Still this ideal is not easily reached. 

What Is Participation in a Public Debate?

It has seemed important for us to emphasize this concept and to give it an 
operational defi nition, in order to create “actionable knowledge” as Argyris 
(1993) wrote. And it is all the more thought-worthy since change processes, 
if sometimes agreed to by engineers, are not always in compliance with their 
requests. 

A Rapid Th eoretical Approach

As put forward by John Stuart Mill, the responsible action necessary for our 
development depends on the institution in which the individual acts. Insti-
tutions have an educational role. Citizenship is something one has to learn. 
Th erefore, if seen as a social action, the corporate world can be a training 
ground for staff  participation. Cooperating helps individuals to develop the 
qualities required for staff  participation. 

Mac Gregor defi nes participation as a way of “creating opportunities under 
suitable conditions for people to infl uence decisions aff ecting them” adding 
that “infl uence can vary from a little to a lot”. However, this defi nition is rather 
vague, since we participate, yes, but in something.

Pateman (1970: 7) emphasizes that information is a precondition to participa-
tion. She further talks about “full participation” when all individuals play the 
same role in the decision-making process. However, we believe that this defi ni-
tion is not truly realistic since it does not take into account the phenomena of 
group dynamics and intrinsic diff erences between individuals, such as diff er-
ent personalities and experiences, as well as skillfulness and individual status, 
that will determine one’s ability to infl uence others. Th ere are indeed opinion 
leaders. 
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An Operational Defi nition of Participation 

When participation goes past the frame of consultation, it relies on the reinforce-
ment and support of autonomy and well-reasoned accountability of the actors. It 
is based on voluntary participation and discharges part of the duties of the decisive 
power.

Th e experience of the fi rst debates organised by the CNPD underlines the great 
potential of a really open forum to encourage the participation of the public. 
Four deliberative rules, embodied in the independent commission responsible 
for organising the debate, constitute the originality of the procedure, by which 
a public, argumented, pluralistic and egalitarian dialogue can take place be-
tween the participants. Th is gives a sense of democracy to the decision-making 
process as a whole.

Engineers’ Involvement in Public Debate

No one questions the fact that science and technology have a decisive impact 
on our lives, societies and environment. Nevertheless, the thesis according to 
which science is establishing facts and deliberation is producing values still 
persists. It enables us to understand the many overlappings between science 
and society. 

Public debate therefore is not only an information process but also a delibera-
tive forum. Science objects and technology are now so interrelated to social, 
economic and political spheres that delegating power to experts seems no easier 
than delegating to deputies. Th is “crisis of representation” leads to a continu-
ous discussion process in which no one can really forecast the result. Th is 
uncertainty opens the deliberation and creates an opportunity for new actors 
to come in: association, individuals, social movements etc … 

A Th ree-Pole Model

Concertation does not occur in a vacuum, but is instead structured by power 
relations. It is, therefore, fi rst and foremost an opportunity to express dissatis-
faction and frustration. At the same time, public debate represents – perhaps 
for the same reason – an opportunity to criticize forms of social domination. 
It thus may give rise to citizen mobilization rather than help contain it, as is 
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often naively expected by its promoters within the public policy administra-
tion. Confl ict is thus always the actual subject of public debate. Our research 
shows that engineers are becoming aware of this cultural change but that they 
are often poorly equipped to engage in public debate in another position than 
the one of a technical expert. We will fi rst describe the diff erent steps needed 
to adapt or refuse to adapt oneself to an unwanted change.

Adaptation or “Misadaptation” to Unwanted Refl ective Changes

We will use the organizational change metaphor, to make what the public de-
bate implies for the engineers’ cultural and working schemes more understand-
able. Within the frame of change processes inside companies, we believe it is 
right to insist on the fact that employees do not want these changes, which are 
generally imposed by decision-makers under internal or external pressure. For 
cases similar to that of Public Debate in which engineers have to perform the 
change process, it still has to be said that they were not fi rst to request changes. 
Th erefore, many unwanted changes take place inside companies. However, 
these changes – though unwanted at fi rst – can benefi t some actors and turn 
out to be true opportunities. 

Once the change process has been made compulsory (the public debate be-
comes legally compulsory), engineers have to get through the diff erent steps 
and factors leading to the adaptation and/or “misadaptation” processes, the 
latter being the sum of various kinds of reactions with, in common, the inca-
pability to adopt the consequences of the organizational change. 

Our research shows that some aspects are particularly signifi cant since they 
have more infl uence on our ability to adapt to a changing situation. Among 
these aspects are: information level, personal support, actual presence of dis-
cussions and a relevant project management method, as well as defi ned pos-
sible solutions. Among them, depending on how well the leading team can 
handle them, the project might face huge stumbling blocks or instead go to 
the next step. As it is a systemic approach, there are feed-backs and learning 
loops relating some steps to others. Th e context also has a dominating infl u-
ence on the conduct of the change and on the ability to discuss the modalities. 
In every stage, those factors facilitate or on the contrary hinder the running of 
the project and thus the debate. It is advisable to think about the way we are 
going to manage every transition by playing on these factors. In this frame, the 
fact that there is a third independent actor (the commission of public debate) to 
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guarantee the good course of the debates establishes an unmistakable headway. 
It brings answers to each of these aspects with more or less success.

Figure 14.1.  Main Steps of a Change Process 

Official announcement of an organizational change 

1. Psychological shock and denial 

Information level 

Realistic perception of the situation   Unrealistic perception of the situation 

2. Ability to understand the personal consequences of the situation 

Support Lack of support 

3. Discussions to formulate other ideas 

Management of change methodology 

Ability and inner mechanisms   Neither ability nor inner mechanisms 
to adapt oneself to a new situation

4. Study and search for solutions?

Solutions No solutions 

5. Acceptance and reaction 

6. Various kinds and intensities of crisis 

7. Appropriation and Implementation 

8. Evaluation and correction 

Engineers facing the change imposed by the public debate live those diff erent 
steps. From the point of view of a professional group as well, they show diffi  cul-
ties in adapting themselves to this new deliberative arena. 
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Th e concepts of cohesion and congruity make it possible to determine if the 
cultural change leads to its own collective acceptance or refusal. Th erefore, there 
are feedback loops between the aspects named above, and studying the systemic 
interaction between them helps to fi nd out how well the project will fare.

Leaving the Expert Behind

One of the main diffi  culties acknowledged by engineers is the fact that they 
speak to the technically uninitiated. Nonetheless, from another viewpoint the 
context is not so simple, the general public is well educated in today’s world, 
and individual citizens can become very well informed about a specifi c topic 
or project, questioning with acuity every aspect of a proposed scheme. Th is 
is what makes public debate so interesting. It can lead to useful exchanges of 
knowledge  and produce better infrastructures.

It implies for engineers to fulfi l new requirements, far from their traditional 
technical expert roles. It also means that as a team is working to fi nd the right 
solutions to a transport problem, they may change the way they are conducting 
their studies before the public debate takes place, and afterwards. First, as an 
open procedure the public debate may result in the project itself being ques-
tioned, i.e. that some of its features might change or at least be discussed.
 
Now, most of the time, teams of engineers who conceive the project are not 
prepared for it being open to discussion. Neither do they think of collect-
ing broader information which would allow several scenarios to be envisaged. 
Often persuaded to have to fi nd “the best solution” (the one best way), they 
try on the contrary to defend their project, and in so doing, conceive a “wall 
argument”. Besides, they are not always capable of adopting a language which 
is at the same time clear and educational to help the citizens understand their 
idea and its consequences. It is a demanding exercise which rests on the will to 
convince but also on the openness to the arguments of the other and on one’s 
listening capacity. Th us, from the very conception of the project, it is necessary 
to integrate the characteristics of the public debate, as soon as possible.

A real cultural and organizational revolution is necessary. We see it as a three-
poled model, in which there has to be a balance between the technical, delib-
erative and political spheres.
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Figure 14.2.  Th ree-Pole Model

Deliberation

PoliticsSocio-technical
controversies

Openness

On one side there must be reciprocal respect in the exchanges with the others. 
Another pole is formed by the socio-technical controversies which at the same 
time concern the project and its immediate consequences, but also the global 
issues which are at stake (like sustainable development or the transport policy). 
Finally, the third pole is that of the fi gure of politics (in the ancient Greek sense 
of polis). In two dimensions: that of the strategy and the negotiation, as well 
as that of the representation of the State and of the fi nal decision-maker. Th e 
question of the fi nancial means of the project are not to be left aside: these are 
largely determining the possible options and the features of the project (like 
landscape, interchanges, protection of the environment).

Conclusion

In this chapter we have tried to answer several questions about the engineers’ 
involvement in public issues of global import. Participating in a public debate 
is not easy, be it as a citizen, a stakeholder, or an engineer in charge of the 
project. It is also quite a new procedure (less than ten years old) demanding a 
strong investment, and this from several points of view.

As we have pointed out, it is a change for engineers to adapt themselves to these 
new deliberative arenas. Furthermore, they have to reconsider the way they 
prepare and realize their technical studies to enable a real discussion to take 
place. Th is is not natural and needs to be managed and prepared, for example 
through professional training. Th e public debate equality principle means that 
any person present shall ask questions and get answers, and should feel part of 
the collectivity seeking for the best solution regarding the three poles: delibera-
tion and democracy, socio-technical controversies and politics. 
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Th e equilibrium between these three poles does not only depend on the en-
gineers’ behaviour. It is also deeply governed by the context (history, culture, 
time schedule). It also relies on the political will shown by the elected repre-
sentatives and the delegates of the State to present their choices clearly and to 
agree to discuss them. Th e link between the public debate and the decision 
concerning the project remains ambiguous. 
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Chapter 15

 Community Ethics and Challenges to  Intellectual Property 

Kaido Kikkas

Abstract: Th e chapter will analyse the standing of  intellectual property (IP for short) 
and related ethical questions. Th e author argues that the current rigid  copyright 
mechanisms are increasingly out of date and fail to keep pace with the rapidly chang-
ing world of networking, new media and communities. Its inability to accommodate 
new models and principles has raised serious ethical questions as well as given birth to 
alternative solutions. Th e shortcomings are serious and various – ranging from innate 
rigidity of IP legislation and lack of technical competence by  patent clerks to rapid 
social changes which cannot house the old models anymore (the “ mindquake” con-
cept by Robert Th eobald). Lots of blame shall also go to excessive regulations which 
sometimes have eff ectively turned the IP into its own caricature. Rather than the 
old system of IP, new models like  Free  Software,  Creative Commons and others are 
increasingly proving themselves to be more fi t to the networked,  community-driven 
society of the 21st century. Lots of things remain to be seen, more new models are 
likely to appear – but a thorough change looks inevitable.

Th e Paradigm Shift

Portuguese programmer José Luís Malaquias has written an essay entitled “A 
New Economic System for the Information Era” (available at his personal do-
main at http://www.malaquias.net/en/joseluis/articles/ copyright.pdf), where 
he has drawn a humorous but thought-provoking parallel between a comedy 
movie “Th e Gods Must Be Crazy” and today’s situation in  intellectual prop-
erty. In the movie, some Bushmen in Africa fi nd a Coca-Cola bottle that has 
fallen from an airplane. While the novel object is pleasing in many ways (looks 
beautiful, can be used to crush grain or hold water), it cannot be reproduced 
– for the fi rst time, the Bushmen are forced to abandon their practice that any 
scarce resource is to be used equally by everyone. Th e initially wonderful “gift 
of the Gods” turns out to be the Pandora’s Box. 
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Th e problem, as also pointed out by Malaquias, seems to be rooted in a simple 
notion – throughout the human history, resources have very rarely been plen-
tiful, satisfying everyone in need. During the early days, people had to fi ght 
over hunting game or arable land, later they fought over natural resources. 
Th e very value of resources was often measured by their scarcity – essential-to-
have but widespread resources like water and wood measured only a fraction 
against scarce (even if practically nearly useless) things like precious stones 
and gold, even the value of simple drinking water was totally diff erent for, say, 
Vikings and Arabs at around 1000 AD. Finally, being brutally fought over for 
centuries, the use of resources was attempted to be regulated by legal means 
during the later, “more civilised” times. Th e paradigm of scarcity got so deeply 
entrenched into the human mind that when things started to change, there 
was a huge moment of inertia. 

During the last decades, technology has changed the world in many ways, but 
perhaps the greatest of changes was that of the paradigm. A new resource – in-
formation – has emerged to acquire a central position in social life. Bill Gates, 
the founder of  Microsoft, describes in his best-selling book “Th e Road Ahead” 
a hypothetical dialogue sometime in the future, citing Switzerland to be a great 
country for its abundance of information (not the money in the famous Swiss 
banks!). However, while recognising the central position and great value of 
information, Gates proceeds to quote another hypothetical person about the 
information price indexes starting to rise. Th is is the exact point where the two 
paradigms clash.

Information, in contrast with nearly all the previously important resources, 
has a fundamental diff erence – it does not disappear from its original location 
when handed over. When one has a piece of bread and she gives it to another 
person, she does not have it any more. However, when one tells her friend a 
joke, there will be two people who know it instead of one. Information in its 
pure form can only be copied, not moved. Th is makes it behave very diff erently 
from other resources, also meaning that legal regulations which were appropri-
ate for other situations do not necessarily work here (for some parallels, see also 
the discussion on the character of knowledge in Chapter 8 by Anders Buch). 

Surely, information has been like this throughout human history. But only 
recently, with the emergence of the Internet and the “information superhigh-
way”, has this exceptional resource become the most critical one. One of the 
main factors here is the multiplication of information, or simply copying. For 
example, early books were rare and expensive due to the great eff ort needed to 
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produce them. Th us books were regarded not so much as information per se 
but as defi nite material objects which were subject to legal treatment similar to 
other material resources (e.g. someone bought a book for 15 gold coins). Th e 
20th century with its multitude of new data carriers (vinyl records, magnetic 
tapes etc) started to gradually change the situation and when the universal 
networks arrived, information had gone through a major shift from something 
attached to a material object (record, tape, book) towards a much purer form 
available on networks. Th is is where the old legal measures started to fall be-
hind – and currently the situation is most probably irreversible.

Ethical Questions about  Intellectual Property

Wynants and Cornelis (2005) have made an interesting notion about Leon-
ardo da Vinci, one of the most hallowed inventors in human history: “But why 
then did Leonardo never allow his anatomical studies to be examined during his 
life? Maybe the answer lies in his explicit comment on  intellectual property: ‘Do not 
teach your knowledge, and you alone will excel’” (Wynants and Cornelis 2005).

Actually, this argument can be used both for and against  intellectual property 
– its supporters can argue that if Leonardo had had restrictive enough protec-
tion for his innovations, he would have had no need to cover everything up 
behind his mirrorwriting. But even if one considers it a valid argument (while 
many practical examples show that the extremely protective measures of today 
can make an invention almost as useless for a society as the Leonardo-style 
cover-up), it leaves open one of the main questions concerning  intellectual 
property – how much is enough? How many and how long-lasting privileges 
must be secured for an author that he feels content? Should the protection also 
allow criminal passiveness (e.g. a pharmaceutical company discovers AIDS 
vaccine but  patents it, leaving thousands of people to die without cure – even if 
in another continent)? What if the protective measures will drastically inhibit 
the development in a certain fi eld? Some other aspects include the von Braun 
example presented by Ibo van de Poel in Chapter 12 as well as the dilemma of 
loyalty in Chapter 13 by Christelle Didier. Martin (1998) has produced some 
thought-provoking examples:

• Th e development of radio communication was eff ectively halted for 20 
years ( patent protection period) by the Bell  patents on telephone.
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• General Electric, the major provider of incandescent lamps, blocked 
the development of fl uorescent lamps which were invented by Edmund 
Germer in Germany.

Other sources like  Wikipedia mention that Germer's  patent was bought by 
GE around 1926, yet GE did not start to market the fl uorescent lamp until 
1938, validating the main point made by Martin. He then goes on to mention 
a number of outright ridiculous cases of IP (e.g. the suggestion to  patent sports 
techniques like fl op style in high jump).

Another quite telling example is provided by Lessig (2004), citing the story of 
Edward Howard Armstrong, the inventor of FM radio. His creation was re-
ceived enthusiastically by the public, however his employer RCA who was the 
main provider of AM radio in the US saw him as a threat. Lessig proceeds to 
provide a very telltale quote by the director of RCA:

”I thought Armstrong would invent some kind of a fi lter to remove static from our 
AM radio. I didn’t think he’ d start a revolution – start up a whole damn new 
industry to compete with RCA” (Lessig 2004)

As it usually happens, the sole inventor was no match for the  patent empire. 
Being defeated and bankrupt, he committed suicide in 1954.

A powerful if unexpected comparison is made by Stallman (2002), regarding 
the copy protection measures which increasingly turn into a human rights 
issue: “Th e U.S. though, is not the fi rst country to make a priority of this. Th e 
Soviet Union treated it as very important. Th ere, this unauthorized copying and 
re-distribution was known as Samizdat and to stamp it out, they developed a series 
of methods: First, guards watching every piece of copying equipment to check what 
people were copying to prevent forbidden copying. Second, harsh punishments for 
anyone caught doing forbidden copying. You could be sent to Siberia. Th ird, so-
liciting informers, asking everyone to rat on their neighbors and co-workers to the 
information police. Fourth, collective responsibility – You! You’re going to watch 
that group! If I catch any of them doing forbidden copying, you are going to prison. 
So watch them hard. And, fi fth, propaganda, starting in childhood to convince 
everyone that only a horrible enemy of the people would ever do this forbidden 
copying.” (Stallman 2002). 
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For outsiders, this may sound a bit exaggerated. However, Stallman goes on 
to point out similarities between the USSR and current U.S. policies in all the 
fi ve points:

• guarding of copying equipment – this is done by including DMCA-
warranted copy protection mechanisms to  software (including many 
very widely used applications).

• harsh punishments – Stallman cites the current U.S. prosecution mech-
anisms for  copyright violators which can include real imprisonment

• eavesdropping – the “nail the pirate”-type campaigns which encourage 
informing BSA or other similar organisations of fellow people infring-
ing  copyright (while these campaigns have been toned down recently, 
a good example is still visible at e.g. http://www.netscum.dk/australia/
genuine/piracy/report/default.aspx)

• propaganda – using the same word for IP off enders and notorious pil-
lagers, murderers and robbers. Stallman also notes that “pirate” used to 
be a term for publishers who did not pay to authors – nowadays they 
have eff ectively reversed the term.

Th is is indeed something to think about. 

Th e  Mindquake of IP

Th eobald (1987) has used the term “ mindquake” for situations where one re-
alises that his previous knowledge which applied to certain situations does not 
work any more. A good example of this in Estonia was that of people who were 
trained to operate under the Soviet-style planned economy: economists, book-
keepers, business lawyers. A large portion of their working knowledge turned 
to dust in just a few years, after the free market economy came to Estonia along 
with the regained independence in 1991. Many of them were able to re-learn 
their craft, but others had to leave (a similar phenomenon is also the radical 
shifts in the public image and position of European engineers throughout the 
history, described by Bernard Delahousse and Alessandro Gasparetto in Chap-
ters 16 and 17). And in many ways, IP in general has increasingly been facing 
 mindquakes since the 90s. 

It actually started much earlier. Lessig (2004) describes a tragicomical case 
of the Causby brothers – a pair of farmers, whose chickens were terrorised 
by low-fl ying military planes from a nearby airbase. During that time, the 
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legal system assumed that someone owning the land also owned everything 
below down to the centre of the Earth, and everything above it up to an un-
defi ned height. Building their case on the above-mentioned assumption, the 
Causby brothers sued the U.S. Air Force for violating their property rights. 
However, the judge harshly dismissed their case, boldly stating: “Common 
sense revolts at the idea”. (Lessig 2004). Th us, the decision of a single judge 
eff ectively changed the whole legal interpretation of the issue – an almost clas-
sic example of Th eobald’s  mindquake. But this time, it was the U.S. versus a 
couple of poor farmers. Today, similar cases are more likely the U.S (or EU) vs 
some huge multinational corporation – this makes fi ghting excesses like this 
much more diffi  cult.

A major problem concerning IP can be summed up with an old Oriental say-
ing: “Th ose who know do not talk. Th ose who talk do not know.” One of the 
biggest negative impacts of IP comes from issuing too broad  patents and other 
forms of protection. Th is is mostly due to  patent offi  cials being unable to fully 
grasp technical details of proposed invention. A good example is the telephone 
case mentioned above – the problem here was not the  patent existing per se, but 
it being issued for a far too extensive fi eld of communication. 

Th is is especially true concerning  patents on  software – even if the evalua-
tor is qualifi ed (which often has not been the case – fi nding a person being 
simultaneously and equally expert in legal details of  patent law and fi nesses of 
computer programming is quite improbable),  software as a phenomenon is far 
too complicated to identify if the novelty clause has been satisfi ed or not. Th is 
has led to incompetent decisions, some of which can be seen at http://webshop.
ffi  i.org. Th e situation will likely escalate further if no measures are taken. As 
expressed by Lessig, “What the law demands today is increasingly as silly as a 
sheriff  arresting an airplane for trespass. But the consequences of this silliness will 
be much more profound” (Lessig 2004).

Another problem with the current system of IP when applied on  software and 
other objects of new media is the duration of protective measures. When the 
20 years of  patent protection might have been appropriate for Watt’s steam 
engine, it is hopelessly too long a time for many new creations today. Perhaps 
the best example of this would be to imagine that sir Timothy Berners-Lee 
had  patented his newly-created Hypertext Transfer Protocol and other crucial 
components of the World Wide Web in 1991. We would perhaps have some 
well-controlled applications, but defi nitely not the ubiquity of today (a good 
example is provided by Ted Nelson’s Xanadu project which started already in 
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the 60s and featured many similar ideas to the Web but failed to materialise 
– being proprietary in nature was possibly not the smallest reason for this). No 
Internet banking, no web media, no blogs or web forums – not until 2011.

As we have seen, the current approach to the IP has been running wild for 
some time. Th e problem is possibly not limited to insuffi  cient or overtly harsh 
legal regulations – a new kind of ethical approach could be necessary.

Th e New Old Ethics and the Age of Communities

People of today, especially the technology-savvy ones, may often take all the 
surrounding infrastructure for granted. As noted by George (2003), the tech-
nological shift we are living amidst can be explained with the well-known 
parable about the frog in hot water – if we put a frog into a bowl of hot water, 
it will immediately jump out of it, but if we place the frog into cold water and 
then start to gradually heat the bowl, the frog will boil to death as it does not 
register the change.

Yet during the early days of computing, there were lots of discussions over 
the possible consequences of the “onslaught of technology”. George mentions 
a number of fears concerning the “inhumanisation” of work processes and 
loss of a number of jobs from low-ranking offi  ce clerks to middle managers. 
Th ese fears were largely unfounded, as were the fears concerning the “skills 
mismatch” or “deskilling vs upskilling” discussion during the 80s and 90s 
(see George, also Mishel and Teixeira 1991). But the roots of today’s fears con-
cerning telework, e-learning and  community models of  software development 
which are still prominent in business circles are likely to be rooted in these 
skeptical days. 

However, one of the fears of these distant times does have some foundation 
– namely the fear of the emerging “techno-elite” (as George calls it), which 
relates closely to a much better-known term of “digital divide” or the gap be-
tween social groups which is created by diff erent access to new technology. 
Another still-ongoing discussion is whether the “cyberspace” is just a mirror 
image of “the real world” with all its hierarchies and inequalities intact, or do 
specifi c features of online communication overcome those. Smith and Kollock 
(1999) have outlined it well:
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“Online interaction strips away many of the cues and signs that are part of face-to-
face interaction. Th is poverty of signals is both a limitation and a resource, making 
certain kinds of interaction more diffi  cult but also providing room to play with 
one’s identity. Th e resulting ambiguity over identity has been a source of inspira-
tion to many who believe that because people’s physical appearance is not manifest 
online (yet), individuals will be judged by the merit of their ideas, rather by their 
gender, race, class, or age. But others (including authors in this volume) argue that 
traditional status hierarchies and inequalities are reproduced in online interaction 
and perhaps even magnifi ed.”

Th e truth might well be somewhere in between. On the one hand, inequality of 
“the real world” is refl ected in the cyberspace at least at the very entrance – you 
need some resources (e.g. a computer and network access) to participate. Th is 
is especially visible in developing countries. On the other hand, the very cyber-
space itself was in fact created by people who can generally be characterised as 
middle (not upper) class – scientists, researchers, students. And the spirit of its 
creators still rules the majority of the Internet, even after the rapid commercial-
isation during the last decades of the 20th century. Barrett and Wallace (1994) 
state: “On the Internet, height, weight, race, and gender may be unknown. Beauty 
doesn’t impress us, nor does ugliness appal. We become our messages, purely and 
simply.” People who experience disadvantages, prejudices and bigotry in “the 
real world” (examples include racism, sexism, homophobia, prejudices towards 
people with disabilities, “incorrect” political or religious views, and many oth-
ers) have often established themselves successfully via cyberspace. 

So, we can say that the Internet has been an inherently suitable medium for 
developing various communities. However, the mindset goes back to much 
earlier times. Th e spirit of sharing can be seen throughout human history, but 
the direct predecessor of today’s online communities and  community ethics 
can perhaps be found in the fi rst generations of computer enthusiasts in the 
60s. Th e story of these  hackers (remaining true to the original meaning, this 
chapter uses the term for an independent-thinking and dedicated computer 
afi cionado and not in its widespread but perverted meaning to denote a com-
puter criminal) can be found in many sources, Levy (2001) being perhaps 
the most prominent. Th e original  hacker teams were in a sense similar to the 
Bushmen described at the beginning of the chapter – before they found the 
bottle. Th e scarce resources were used in the common interest. Someone who 
wrote a program left the listing into a drawer for others to study, improve 
and build upon. According to Stallman, there were no passwords on early 
computers, and the attempts to introduce them were treated as “outsiders” try-
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ing to interrupt the free fl ow of information (Stallman 2002). Later, the early 
networks were used to further distribute things of interest – documentation, 
applications and the source code of  software (note: early  software was similar 
to today’s  free  software simply because hardware was diverse, most programs 
were not portable between the computers and therefore were viewed only as a 
complementary feature for hardware, not as a separate object). “Information 
wants to be free” was the banner under which the early  hackers marched (Levy 
2001; Moody 2001).

In turn, the 70s and 80s of the 20th century were the golden age of proprietary 
paradigm. Gradual standardisation of computers (peaked by the emergence of 
the IBM PC, “the” personal computer) led to  software becoming portable and 
gradually acquiring the commercial qualities. In those days, the  mindquake hit 
the “old school”  hackers, who were often unable to fi t into the commercialising 
world of  software. Th e old  community habits came to be regarded as impracti-
cal idealism, as the future seemed to be shaped by  Microsoft and other large 
players in commercial landscape.

Yet, the  community mindset had only retreated inside the walls of academia 
and research facilities, not disappeared. Starting in 1983 with the GNU project 
and fuelled remarkably with the emergence of  Linux in 1991, the  hacker way 
entered the  Microsoft-dominated computer world again. Still being mostly a 
 software-related phenomenon until the end of the century, the  community 
mindset and development models exceeded the limits of  software in the fi rst 
years of the new millennium. Th ese developments are briefl y reviewed below.

Right to Copy: the  Community  Licenses

Th e question is still justifi ed – if IP does not work well anymore, what is the 
alternative? To start looking for this, one needs fi rst to go back to the history 
of technology.

While the mindset was present from the early days of computing – an excellent 
account of this is Levy (2001) – the story of free  community  licenses started 
with a man called Richard Stallman. Dubbed “the last of the true  hackers” by 
Levy (the title proved to be incorrect though, as the  culture that was fading 
at the initial release of Levy’s book resurfaced and started to fl ourish during 
the 90s), was one of the staff  members of the famed AI (artifi cial intelligence) 
Lab at Massachusetts Institute of Technology. Both Moody (2001) and Levy 
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describe the Lab as a haven for “ playful cleverness” – actually the same  com-
munity-oriented mindset which values creativity over profi t and has been char-
acteristic to  hacker  community since then. 

Unhappy with the breakup of the Lab after a decade (in which quarrels over 
IP were not the least important), Stallman decided to remain true to his ideals 
and create a new kind of  software which would stress user rights instead of IP 
of the creator. Free  software movement (due to ambiguity of “free” in English 
language, often an explanation “free as in freedom, not as in free beer” is 
added) was born. 

Stallman started out to create a whole new implementation of the well-known 
(but commercialised by then) Unix  operating system. While the GNU project 
has not fully reached its goals yet (as of 2006), it has produced some essential 
components for the new way of  software development: a lot of  free  software 
tools, and perhaps most importantly, the new kind of  software  license in GNU 
 GPL (General Public  License).

 GPL takes authorship as its starting point – thus being fundamentally diff er-
ent from public domain in which author gives up all rights on her creation. In 
this,  GPL shares a common ground with the “traditional” IP approach. How-
ever,  GPL then proceeds to guarantee four basic freedoms, or rights, for users 
of the creation as stated at the FSF website:

• Th e freedom to run the program, for any purpose (freedom 0).
• Th e freedom to study how the program works, and adapt it to your 

needs (freedom 1). Access to the source code is a precondition for this.
• Th e freedom to redistribute copies so you can help your neighbour (free-

dom 2).
• Th e freedom to improve the program, and release your improvements to 

the public, so that the whole  community benefi ts (freedom 3). Access to 
the source code is a precondition for this.

While giving users extensive rights (especially when compared to  Microsoft-
style, ultra-restrictive  licenses),  GPL is not incompatible with business. Well-
known companies like IBM, Novell, Sun, Red Hat etc have all developed 
strong business cases on making money on  GPL- licensed  software. 

 GPL has a distinct feature which has been both praised and cursed by diff er-
ent parties: the  license extends to the derivatives. Th erefore,  GPL cannot be 
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revoked and requires everything derived from a  GPL-ed  software to be put 
under  GPL as well. Th is has been a very good guarantee for continuity of  free 
 software, but has also been seen as a deterrent against business usage (the latter 
is actually true only for a small minority of cases).

 GPL has been a dominant  free  software  license since its early days – a large 
part of this being due to another famous  community-based project launched in 
1991:  Linux, which switched to  GPL soon after its creation). However, as the 
 community model spread among  software developers, two schools of thought 
were formed – those who chose to follow Stallman's ideals and philosophy, 
stayed in the  free  software camp (led by Stallman's  Free  Software Foundation; 
http://www.fsf.org). More business-oriented, pragmatic people who valued  free 
 software mostly as a superior development and delivery mechanism compared 
to the proprietary (as exemplifi ed by  Microsoft) model and did not agree to 
Stallman's philosophy, established the  open source movement in 1998, starting 
the  Open Source Initiative (OSI; http://www.opensource.org). Since then the 
two camps have maintained their diff erent emphasis, resulting in a number of 
new  licenses which are recognised by OSI, but not by FSF. On the practical 
level, however, the two camps have always been cooperating, making the dif-
ferences largely irrelevant for the end user.

 GPL was mostly designed for  software. To provide similar legal space for docu-
mentation, FSF created the Free Documentation  License, which is similar to 
 GPL in its settings. Perhaps the best-known entity using this  license is  Wikipe-
dia (http://www. wikipedia.org) – a large, multi-language, freely editable web 
encyclopedia, which has surpassed Encyclopedia Britannica by volume, with 
more than 1 million articles in its English version only (as of August 2006). 

In 2001, a group of people led by Lawrence Lessig established a new model of 
IP. Naming it “ Creative Commons”, they aimed for a balanced approach to IP 
– even their slogan “some rights reserved” mirrored their middle-of-the-road 
approach between the “all rights reserved” of the traditional  copyright (which 
by then had already shown its shortcomings) and “all rights reversed”, a Stall-
man's pun on  copyright which he considers unethical.  CC is interesting in the 
sense that it attempts to stay in the domain of traditional IP while introduc-
ing most of the qualities of the  community approach (like  GPL). Lessig has 
expressed it as follows:
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“A  free  culture is not a  culture without property; it is not a  culture in which artists 
don’t get paid. A  culture without property, or in which creators can’t get paid, is 
anarchy, not freedom”. (Lessig 2004).

Th e approach, being somewhat diff erent from Stallman’s, has thereby caused 
some resentment from the FSF side (e.g. http://www.fsf.org/licensing/  licenses/
index_html#Other Licenses).

 CC is actually not a single  license but a family of  licenses of which every author 
can choose the most suitable (this is also the main source of criticism from FSF, 
deeming them to be too vague). Another novel but very welcome approach 
was to restore the clarity of  licenses – during the years, the legal language had 
developed to be almost incomprehensible for common people, which in turn 
played into the hands of the interpreters – lawyers – instead of the authors and 
users.  CC allows choosing the  license by an online mechanism involving three 
easy steps, while the legally binding full text will be constructed automatically 
and can then be retrieved. 

Another notable thing in  CC is that besides their main  licenses, they have re-
instated the Founders’  Copyright, essentially meaning resetting the  copyright 
terms to the initial ones established by the fi rst  copyright laws in the U.S. Th is 
sets the  copyright period to 14 years (extendable to another 14) which is much 
more realistic than the current system (70 years after the author’s death).

Finally, there is the Free Art  License, which was created by a group of artists 
meeting in Paris in 2000. It follows quite closely the suit of  GPL, but is spe-
cifi cally targetted towards various works of art. Being more of FSF than  CC 
school of thought, it is also endorsed by the FSF for works of arts and preferred 
to  CC  licenses.

From  Free  Software to  Free  Culture

A good point on the gradual “frog-boiling” which has eventually become a 
cultural inhibitor is made by Lessig, describing the work of Walt Disney and 
comparing it to today’s mixing enthusiasts: 

“In all of these cases, Disney (or Disney, Inc.) ripped creativity from the  culture 
around him, mixed that creativity with his own extraordinary talent, and then 
burned that mix into the soul of his  culture. Rip, mix, and burn.” (Lessig 2004)
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It is notable that while Walt Disney did borrow extensively from earlier sources 
(Brothers Grimm et al), the corporation bearing his name today has become 
a major hardline enforcer of IP. Sad, but true – if we had another Walt grow-
ing up today and wanting to build on Disney’s work like Disney built on the 
Grimms, he might end up in jail for this (an example is found at http://www.
kentlaw.edu/e-Ukraine/ copyright/cases/walt_disney_productions_v_air_pi-
rates.htm). 

However, the times are changing.

While it all started with the  free  software movement, at least comparable im-
pact on other areas of  culture has been brought along by  Creative Commons. 
Starting with relatively hobbyist things like Flickr (an online environment for 
photographs, a large share of which are released under a  CC  license) and grad-
ually moving into more central cultural areas. Some examples:

• Science Commons – a sub- community of  CC, formed in early 2005. 
Works in three main areas: publishing (with goals similar to the  Open 
Access Movement, see below), licensing (to promote more free, socially 
responsible licensing) and data (to prevent raw data becoming subject to 
IP). A good example which has some ties to SC project is MIT's Open-
CourseWare – an open-access repository of courses which, according to 
their website, contained materials of 1250 MIT courses in December 
2005.

• Th e Cylinder Preservation and Digitization Project (http://cylinders.li-
brary.ucsb.edu/) aims to restore the early phonograph recordings, mak-
ing them freely available in digital form, using a  CC  license.

• A vinyl record label UnlockedGroove (http://unlockedgroove.com/) is 
releasing all its records under a  CC  license.

• Some Danes picked up the Stallman's famous “free as in freedom, not as 
in free beer” and brewed an open-source beer … Th e recipe and process 
is freely available under a  CC  license (see http://www.voresoel.dk/main.
php?id=70).

Th ese are but a few examples, there are many others. 

As a fi nal example, the  Open Access movement was started by an American 
billionaire, activist and philanthropist George Soros in 2001 as the Budapest 
 Open Access Initiative. Its main aim is to provide alternative publishing mod-
els to the increasingly commercialised academic publishing which provided 
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huge profi ts to publishers but eff ectively blocked access to scientifi c materials 
for those who could not aff ord the expensive journals, thus extending the glo-
bal digital divide. Despite initial hesitation and some criticism from academic 
 communities (who apparently faced another  mindquake) the process gradually 
emerged to become a viable way of publishing. In August 2006, the Directory 
of  Open Access Journals (http://www.doaj.org) lists more than 2300 scholarly 
journals with more than 106 000 articles.

A good quote to illustrate the shift of thinking among academics comes from 
a professor of economic analysis (sic!) R. Preston McAfee, stating the reason 
why he published his “Introduction to Economic Analysis” in web using a  CC 
 license (available from http://www.introecon.com) and making some interest-
ing points:

“Why  open source? Academics do an enormous amount of work editing journals 
and writing articles and now publishers have broken an implicit contract with aca-
demics, in which we gave our time and they weren’t too greedy. Sometimes articles 
cost $20 to download, and principles books regularly sell for over $100. Th ey issue 
new editions frequently to kill off  the used book market, and the rapidity of new 
editions contributes to errors and bloat. Moreover, textbooks have gotten dumb and 
dumber as publishers seek to satisfy the student who prefers to learn nothing. Many 
have gotten so dumb (“simplifi ed”) so as to be simply incorrect. And they want 
$100 for this schlock? Where is the attempt to show the students what economics 
is actually about, and how it actually works? Why aren’t we trying to teach the 
students more, rather than less?” (McAfee 2005)

Community Ethics and the Future of Europe

First, it seemed to be a weird hippie dream. Th en the same ideas were picked up 
by  hacker  communities and they became the moving force of the Internet. And 
today, these thoughts have reached the highest levels of European authorities. 
Th e Challenges of the Global Information Society written by Pekka Himanen 
in 2004 was a report for the Parliament of Finland in which he analysed the 
future of Europe. Some highlights from the report will follow.

According to Himanen, Finland has three established models for its future to 
choose from:
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1. the Silicon Valley model – or “leaving the weak behind”, the neo-lib-
eral model. Here Himanen addresses seriously the price which has been 
paid in California (growing inequality and crime rate, the largest prison 
population in the US etc).

2. the Singapore model – or “race to the bottom”, the tax-competition 
model. Here, the main problem is continuity – after the economy has 
been rapidly developing for awhile by attracting large corporations with 
cheap labour force, the development reaches the level where the cor-
porations will move to another “cheap area” due to rising labour costs. 
Without innovation and expertise, the economy will stall.

3. the European model – or “the dead hand of passiveness”, the welfare-
state model. Th e main problem here according to Himanen is the threat 
of stagnation. When people start trying to maintain the industrial-era 
welfare state without allowing the changes necessary to keep pace with 
social and technological developments, the result can be the “society of 
envy”, where all initiative will be cut down to maintain a general low 
profi le.

But instead of choosing one of those, Himanen proposes a fourth way. And 
this is exactly the scenario propelled by the “ community ethics” (or “ hacker 
ethic” as Himanen calls it in his book (Himanen 2001)). Instead of only re-
acting to things, the society must be proactive – daring to invent new things 
and discover new ways (by the way, the same reactiveness is the main problem 
with IP, as was seen above). 

Conclusion

Th e new media and Internet have revolutionised many fi elds of human activity. 
While technology is a vibrant and rapidly developing sphere, the legal system 
has its strength in its stability. However, nowadays the radical diff erence of de-
velopment paces has created contradictions which cannot be solved eff ectively 
inside the existing legal mechanism. While the current IP system had its time 
when it served humanity well, it is rapidly becoming obsolete and needs to be 
rebuilt. Whether the solution is a radically new, freedom-centered model based 
on the teachings of Stallman, or a more synthetical approach blending old and 
new (like the  CC) remains to be seen. It is also possible that the current IP 
model will keep its ground in some areas, but it looks quite evident that it can-
not retain its governing position for long.
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Th e engineers of the new century will face a challenge – or to borrow from 
Th eobald, a  mindquake. Many concepts that were essential for the 20th cen-
tury engineer will lose their meaning. But many will also remain – the 21st 
century may well become the century of communities. More than often, a new 
thing is actually something from the past, well-forgotten …
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Section 4

Th e Roles and Status of the New Engineer 

in a Global Knowledge Society





Section Introduction

Bernard Delahousse 

Th e purpose of this last section is to provide engineering students, engineers, 
and, hopefully, course designers at engineering institutions with a resource to 
make them aware of the social role, status and responsibilities of the future 
engineer in a fast-changing knowledge-based global world. 

Th e fi ve articles under this section largely refer to publications in the fi eld of 
“sociology of professions”. Th ey mainly aim at covering a number of essential 
economic, social and societal issues which the “new engineer” will have to, and 
already has to, cope with in the course of his/her professional career. Actually, 
some of these issues, e.g. the engineer’s communication problems, the crucial 
question of sustainable development or the necessity of changes in engineering 
education, have already been developed, or referred to, in previous sections of 
this book from a philosophical or an ethical perspective. In this section, the 
approach is to confront engineering graduates with concrete problems at stake 
in the workplace and in society at large, to invite them to refl ect on their future 
profession, and thus to prepare them better to their future job.
 
Th e globalization of the economy, the fast pace of technological innovations, 
the information explosion, together with the growing support of the public for 
environmental issues, are four key factors that have considerably altered the 
living and working conditions in our societies and organizations. As a conse-
quence, today’s engineer is faced, like many other professionals, with a wide 
range of new questions which include the following:

• What are the company’s new requirements as to the engineer’s role(s) 
and subsequent competencies?

• What are the causes of the present-day devalued status of the engineer 
and the resulting decline in engineering vocations in Europe?

• How can women engineers contribute to the renewal of the engineering 
profession and how can they be motivated to enter it?
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• How can the image of the modern engineer be improved in order to be 
more attractive and to prepare for future evolutions?

• What crucial relevant changes are to be implemented in engineering 
curricula to educate the “new engineer” according to the occupational 
ideal of Bildung?

Th us, the major thread between these issues can be summarized as follows: 
how can the engineer gain, or re-gain, a prominent role and status in the new 
knowledge society?

In the fi rst article, Bernard Delahousse sets the framework for the whole section 
by analysing the new environment – economic, social, political, environmental 
– of companies, their new obligations and constraints. As a result, alongside 
purely technical tasks, the engineer is increasingly expected to perform further 
assignments directly linked to this environment, e.g. communication, business 
intelligence, management and sustainable development. Hence, the author 
highlights the diversity of skills – technical, social, behavioural and refl ec-
tive – the new engineer is to develop in order to fulfi l his/her social role, and 
insists that it requires a “cultured” employer to acknowledge the benefi ts of a 
“cultured” engineer.

Taking a diff erent stance, Alessandro Gasparetto focuses on the predicament 
of today’s European engineer whose status has been devalued over the last 
decades. He points out the diverse causes of this decline: advent of hybrid 
engineers, loss of credibility of the engineering profession, lack of public inter-
est in sciences, changes in socio-economic hierarchies, unsatisfactory working 
conditions. All this leads to the present crisis of scientifi c vocations in Europe. 
Gasparetto advocates the improvement of communication between scientists 
and public opinions and, above all, the introduction of changes in educational 
systems to make science and engineering more attractive and to broaden the 
scope of disciplines off ered to learners.

In order to attract more students to engineering degrees, a number of national 
and European programmes have been launched both to improve the image of 
engineering in public opinion and to generate gender equality in this fi eld of 
study. Eva Sørum analyses the diff erent obstacles and challenges female en-
gineers have to encounter in the pursuit of an engineering career: they range 
from a male-dominated culture to gender stereotypes, via the “wage gap” or 
family commitment. She emphasizes the necessity for women to enrol in en-
gineering courses and enter the profession, not merely to do away with gender 
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inequality but also to eliminate “one-way thinking” and ensure that engineer-
ing progresses by integrating other talents and sources of creativity in order to 
respond to changing consumer demands.

Th is image of engineering as a male-dominated profession is transcended by 
Javier Cañavate Avila and Manuel José Lis Arias, who show that the status and 
image of the engineer vary a great deal according to historical, geographical, 
social and professional parameters. Th e two authors point out to what they call 
the excessive “scientifi cation” of engineering programmes as a major cause of 
public disinterest in this profession, and put forward a number of proposals for 
enhancing these study programmes with new skills and methodologies so as to 
make them more comprehensive and attractive. Th ey also discuss the trends of 
the future evolutions in the engineering profession which should be taken into 
account by designers of engineering courses. 

Th ese trends are also analysed by Ivan Turek and Juraj Miština from another 
perspective, i.e. that of the globalization process, and are directly linked to key 
competencies to be developed by engineering education: information literacy, 
learning skills, cognitive competencies, communication, creativity, etc. Th e 
authors then proceed to discuss the impact of globalization on engineering 
curricula (knowledge expansion vs. knowledge profundity, pedagogy of learn-
ing by doing, e-learning), on students (learning styles, initiation of freshmen, 
student mobility), on teachers (pedagogical qualifi cations and continuing edu-
cation in the same domain) and on engineering institutions (industry/univer-
sity partnerships, research, e-teaching and service activities). 

Th e articles under this section may have diff erent approaches, but they eventu-
ally reach a consensus: the “new engineer” needs to transcend a pure profes-
sional occupation and assume social and political roles so as to re-gain credibil-
ity, hence a proper status. Engineering institutions have a crucial responsibility 
in providing not only technical skills but also social and refl ective ones in order 
to fashion the new Renaissance engineer.





Chapter 16

Industry Requirements for the New Engineer

Bernard Delahousse

Abstract: In our constantly evolving global society, industry’s need for engineers re-
mains crucial. As companies are the major providers of engineering jobs, it is essential 
to analyse their present state of aff airs in the light of their past evolution in order to 
identify their current needs and expectations regarding the engineer’s competencies 
today. Th is chapter attempts to answer a number of major questions concerning the 
eff ects of corporate evolutions on the engineering profession. What were the main 
factors of evolution of the industrial fi rm from late 19th century to the 1970s and 
how did it aff ect the engineer’s status? What changes have companies undergone in 
the past decades and what new challenges do they have to take up in face of this new 
economy? As a result, how have the tasks they assign to their engineers changed from 
a professional, social and societal perspective? What new skills do employers require 
from the new engineer in this new context and are they relevant to the concept of oc-
cupational Bildung? 

Introduction 

Th e harsh competition among companies around the world to increase their 
share of the global consumer market over the past two decades has been deeply 
altering economic activities and occupational standards. It “has forced compa-
nies to constantly review their engineering, manufacturing and support pro-
cesses to reduce costs” (Wagner 1999) and to meet the demands of both local 
and overseas markets. Th e evolution of the engineer’s role is therefore closely 
linked to the continual changes occurring in enterprises as a result of the tech-
nological, economic, social and political environment. For the employer, to be 
a good engineer today, “technical virtuosity is often necessary, but never suf-
fi cient” (Webster 1996). Th e most determining changes for the evolution of the 
engineering profession are to be found in the new context whereby companies 
expand their activities. 
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Th us, this chapter concentrates on the evolving expectations of industry vis-à-
vis the engineer and the new challenges they are both confronted with today. 
Since companies, whether private or public, are by far the main employers of 
engineers, it seems legitimate and relevant to analyse their needs regarding 
the latter’s competencies. Th e focus of this chapter is deliberately set on fi rms 
belonging to the secondary sector, i.e. where goods or properties are produced 
and where, traditionally, engineers apply their skills. Even though present-day 
engineers can actually be found in the tertiary sector, e.g. in service industries, 
consulting offi  ces and even in commercial fi rms, it would have been unrealistic 
to embrace such a wide range of businesses in this short study. As a result, we 
do not deal hereafter with “engineers in top management positions in indus-
try or administration” or “engineers in research and education”, but with the 
group of “engineers in production and related technical pursuits” (R. Trempé 
1985). Similarly, more recent off shoots, such as the business or the environ-
mental engineer, fall outside the scope of this study insofar as they are not 
currently involved in production or production-related tasks.

Th e second section of this chapter consists of a short overview of the evolu-
tion of industrial fi rms throughout the 20th century, essentially marked by a 
number of quantitative and qualitative leaps; the purpose here is not to address 
historical or sociological issues but, more pragmatically, to provide the reader 
with basic landmarks which will enable him/her to get a better understand-
ing of the situation of today’s companies. Th is is dealt with in the third sec-
tion, in which we analyse the major phenomena which impact businesses and 
their engineering staff s through new workplace attitudes, paradigm shifts and 
technological challenges. In the next part, on the basis of surveys conducted 
within companies, we look into the actual tasks currently assigned to engineers 
by organizations and analyse them in the light of the new industrial context. 
Th e fi nal section is devoted to the skills and competencies that are required to 
match corporate demands and to a prospective attempt to outline the profi le 
of the future engineer.

Th e 20th-Century Enterprise under Structural Changes

Th e 20th century will undoubtedly be depicted by historians as the most fe-
cund in terms of social, economic, scientifi c and technical breakthroughs. 
Over that period, the world population grew from 1.6 billion in 1900 to over 
6 billion in the year 2000, and the production of goods and services increased 
to an even greater extent at annual rates averaging 2 to 3%, compared to 0.5% 
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in the 19th century, the era of the Industrial Revolution, and the quasi-stabil-
ity of the previous millennia (Maury 2000). In response to this skyrocketing 
growth, companies had to adapt and improve their products, their manufac-
turing techniques, their work organization, etc. 

At the turn of the 20th century, the fi rm was basically “a group of humans turned 
to production, and whose future depends essentially on the sale of its products” 
(Capet 1980). Th e family business, whether small or large, primarily aimed to 
preserve and optimize its patrimony and social position for its descendants, 
focusing on production for the home market, relying on proven techniques 
and machinery, running on the “rule of thumb” principle and adopting a pa-
ternalistic attitude towards its workforce. In this context, the male engineer, 
“who had access to and the power over technical products” held a prominent 
position in the company, not only on account of his expertise but also owing 
to his general competencies (Bomke 2003). However, a tendency for specializa-
tion could already be observed in certain industrial branches, particularly with 
the recent development of large companies and industrial concerns, where the 
engineer began to be confi ned to production units and workplace manage-
ment, instead of participating in policy-making at company headquarters, thus 
becoming an “employee”, still with a higher position though, and losing part of 
his former status (Th épot 1985).

Th e fi rst half of the 20th century was a period of deep industrial structuration. 
Th e French historian Aimée Moutet shows in her doctoral dissertation (1997) 
that, between the two World Wars, under the term of rationalization, a variety 
of systems were then applied more or less intensely in industry. Frederick W. 
Taylor’s theory of scientifi c management combined with the development of 
mass production techniques, as systematized by Henry Ford, largely contrib-
uted to increase the productivity of companies as well as extend their markets 
to a larger public, including their own workers, thanks to aff ordable products. 
Th ese entailed profound transformations not only in the workplace, with the 
assembly line and the split locations of offi  ce work from manufacturing, but 
also in the work organization: hierarchical leadership, work planning, division 
of labour, new industrial relations, etc. While industrialists saw in Taylorism  
an eff ective means to make profi ts and ensure social peace, engineers were, on 
the whole, quite favourable to the system insofar as it enabled them, through 
its insistence on science, to strengthen their technical and organizational pow-
er in the fi rm.
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A second factor which had an impact on the evolution of the 20th-century en-
terprise was the predominant feeling among industrialists and economists that 
industrial development could not be dissociated from technological progress. 
Th is call for technical innovation resulted in the creation of laboratories in 
most workplaces, where engineers could apply their knowledge and know-how 
to R & D projects. 

A third phenomenon which contributed to re-shape the conventional fi rm 
was the emergence of marketing, not only as a discipline incorporated into 
university business courses, but mainly as an indispensable tool for industrial 
organizations to promote their products and open up new markets both at 
home and abroad. As a consequence, the rise of a new occupational profi le, the 
“manager ”, introduced a crucial change in the way power was shared within 
companies, with engineers having to compete with business graduates to attain 
this top position. Luc Boltanski (1985) emphasizes a major problem of the use 
of the terms “ingénieur” and “cadre” (manager), at least in France, as outlined 
by diff erent surveys: the constant percentage of people employed in industry 
as “ingénieurs” without holding an engineering degree, together with the fact 
that a substantial number of engineering graduates from a “grande école” ac-
tually work in a non-technical division and rank themselves as “cadres”, have 
somewhat blurred the social status of the engineer. However a more recent 
study (Fayolle 2001) points out two main career trajectories among today’s 
engineers: 1) the technical engineer who chooses to spend his/her career in 
his/her original engineering fi eld, with the occasional or regular addition of 
other occupations (e.g. management or research); 2) the entrepreneurial en-
gineer who displays a strong interest in management and policy-making and 
whose ultimate objective is to set up his/her own business. 

Companies in the Face of the New Economy

Since the late 1970s, in the aftermath of the 1973 oil crisis, the foundations 
which had so far ensured the economic prosperity of western countries have 
been exposed to radical changes, under the joint pressure of a “globalizing” 
market and fast-developing technologies. Th e primary factor of success for cur-
rent businesses is to be able to anticipate the demands of volatile markets and 
set up mobile and responsive structures to satisfy the “client-king” (Béranger 
et al. 1998). Th is section analyses these three phenomena and their eff ects on 
the organization of industrial fi rms, hence on the engineer’s positioning in this 
new context. 
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Th e Global Company  

In this sub-section, we do not intend to address the issues of globalization in 
its various dimensions, as this is part of the last chapter of this book; instead, 
we will focus on the impact of globalization on enterprises. Actually, the proc-
ess of trade liberalization has been aff ecting companies for more than half a 
century: initiated in 1948 by the General Agreement on Tariff s and Trade 
(GATT) for the transaction of goods, it was extended in 1995 to the areas of 
services and intellectual property (invention, design, etc.) by the World Trade 
Organization. At a business level, the term globalization applies when compa-
nies decide to take part in the growing global economy and establish strong 
and durable links with foreign markets. 

Th e “global fi rm” has to compete with its rivals throughout the world in terms 
of costs, quality, delivery times, services, effi  cient communication, etc. As 
a consequence, it has had to respond to two opposite strategic issues (Yolin 
2001): 

• either developing (or joining) a larger corporation, through a merger 
or a takeover, in order to attain the critical size to establish a presence 
on international markets (e.g. the automobile, energy or aeronautic in-
dustries). Only such a structure allows massive investments in research, 
advertising campaigns or high-tech equipment which will pay off  in the 
end and ensure its durability.

• or creating and developing a small self-reliant enterprise with a specifi c 
know-how, which has to be increasingly fl exible, responsive and innova-
tive in order to meet customers’ evolving demands. Such a structure is 
often short-lived, unless it is part of one or several networks which can 
interact effi  ciently thanks to the progress of communication technolo-
gies.

A new kind of “equilibrium” has been achieved between large companies or 
groups, more intent on profi t-making, and the myriad of SMEs which are 
more committed to product customization for local requirements. Th ese two 
somewhat antagonistic entities are generally complementary, and the principle 
whereby “a large organization should not do what can be done in a small one” 
has gained ground over the last decades. One of the main consequences is that 
these big concerns tend to concentrate their activity on their core business, 
for instance electronic equipment, while outsourcing all the other activities to 
smaller specialized units, such as design and development or the production of 
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high-tech components. Whenever this policy is applied to its full extent, it ends 
up in the relocation of the production units to countries with low labour costs, 
e.g. in South-East Asia and indeed in some parts of Europe, which results in 
higher profi ts for shareholders but also in hosts of redundancies, including for 
engineers, in most developed countries (Béranger et al. 1998). 

Th e Impact of ICTs (Information & Communication Technologies) 

Global competition has compelled companies to constantly update their engi-
neering and manufacturing processes in order to lower their costs and provide 
customers with more effi  cient or more attractive goods, and in this respect, 
technological innovation  is a powerful lever for the competitiveness of cor-
porations as well as nations. Fayolle (2001) emphasizes that the innovation 
function is an essential vector of economic development, inasmuch as it creates 
riches as well as opportunities. Th e term “innovation” is to be understood not 
only in terms of brand-new products or equipment, such as GPS navigators, 
mobile phones with incorporated video or smart textiles, but also with regard 
to new manufacturing techniques and facilities which aim at reducing produc-
tion times and costs or at improving quality and precision, like nanotechnolo-
gies. Th erefore entrepreneurs have to look for sources of innovation, current 
evolutions and any relevant information on the potential for creation. 

In this dynamics, the information and communication technologies play a 
considerable role, covering a wide range of applications, such as health, educa-
tion, research, transport, industry, etc. If the Internet has met with such a suc-
cess throughout the economic world, it is above all because it constitutes the 
“nerve centre” which boosts effi  cient interactions between companies around 
the world, thus reducing the time factor as well as distances. By interconnect-
ing all information systems and processes, the Internet allows a wide range of 
transactions between organizations: CAD systems, production lines, industrial 
intelligence systems, programmable machines, sales and purchases, etc. (Yolin 
2001). In this respect, it represents a real economic opportunity for developing 
countries, where the scarcity of communication infrastructures is a major ob-
stacle for local companies to get access to new markets or to strategic, technical 
or commercial information. On the other hand, it can be a dangerous instru-
ment for conventional organizations functioning on a territorial logic and a 
hierarchical structure. Jean-Michel Yolin (2002), on the basis of a survey on 
the number of home computer owners in 14 European countries, emphasizes 
that wherever the fi gures are high (i.e. over 60% of the population) as in Nor-
dic countries, companies are actually most fl exible, innovative and effi  cient. 
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Conversely, in Latin countries, where the overall fi gures did not reach 40%, 
businesses were still functioning on the former organizational mode, hence a 
greater diffi  culty in responding to new economic challenges.

Consumer-centred Economy & Sustainable Development

Food shortage has been a permanent preoccupation of our societies since the 
beginning of times, and still is nowadays; therefore producing has always been 
of the utmost importance for men, whereas trading has remained an incidental 
concern until recently. Th is context has changed drastically with the advent 
of the “affl  uent society”, at least in western countries, where supply exceeds 
demand. Customer satisfaction  is primordial for the modern enterprise: the 
key to its success relies on its capacity to understand the customer’s needs, to 
anticipate his/her desires and eventually to respond to them, so as to ensure 
his/her loyalty (Yolin 2001). Th e client-king  is a reality: in fi ne, he or she de-
cides, through his/her purchases, on the close-downs of factories, or even the 
death of a company, if the products or services provided do not meet his/her 
requirements with regard to cost, quality, delivery time, after-sale service or 
environmental issues. 

Th is phenomenon is epitomized in the growing and decisive role of consumer 
associations in developed countries. Industrial policies have been deeply in-
fl uenced, and altered, by such movements. Th e well-known actions of Ralph 
Nader  in the 1960s against the American automobile industry, particularly 
General Motors, and his success in forcing this giant fi rm to alter its engineer-
ing design and improve car safety, triggered a worldwide move in favour of con-
sumer power  and contributed to prompt legislation in such areas as consumer 
durables, food safety, pesticides or radiation hazards. Quality  procedures have 
been introduced in all industrial sectors, quality assurance departments have 
been created in a number of workplaces, and the award of an ISO certifi cation, 
or the like, is deemed crucial by a majority of entrepreneurs, if only for the 
image of the company. Standards are constantly updated in order to raise the 
levels of quality, safety, reliability and effi  ciency – as well as to provide such 
benefi ts at an economical cost. 

Similarly, the societal concern with environmental issues has an impact on 
corporate policies (Maury 2000). Th e rapid growth of the world population 
has aroused the awareness among citizens, and of course consumers, that natu-
ral resources are not limitless and that we should strive to correct the eff ects 
of our human activities. Th e sustainable development  policy, initiated by the 
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United Nations at the Earth Summit in Rio de Janeiro in 1992, aims to bring 
governments, industrialists, farmers and ultimately the end-users, i.e. everyone 
of us, to rethink the current economic development and fi nd solutions to halt 
the destruction of irreplaceable natural resources and reduce pollution levels. 
On this environmental issue, the client-king also exerts some infl uence on in-
dustrial organizations via diff erent means, from the mere choice of recyclable 
goods to lawsuits or even the boycott of trademarks. Th e German giant Bayer, 
which recently had to withdraw a number of its pesticides under the pressure 
of environmental groups, best illustrates this phenomenon.

Towards the Virtual Networking Organization
 
In a report to the French Ministry of Industry, Béranger et al. (1998) point out 
that the solution to unemployment problems in France does not reside only in 
the rather hypothetical return to a durable economic growth, but mostly in the 
reconstruction of a dynamic industrial fabric, capable of permanent anticipa-
tion, regeneration and evolution, thanks to improved entrepreneurship and 
staff  qualifi cations. Th ey insist that today’s companies have to interact strongly 
over shared objectives, and via ICTs, in order to fulfi l customer satisfaction 
and enhance their competitiveness. Th eir diagnosis is supported by other au-
thors, like Wagner (1999), Beder (1999-1) or Yolin (2001), who advocate an in-
depth re-organization of businesses, already a reality in a number of advanced 
countries, shifting from monolithic pyramidal structures to inter-company 
networks where technological expertise and strategic intelligence are shared 
among peers. Specialists work on the same project as members of multidiscipli-
nary development teams, generally international and located on diff erent sites, 
with a view to developing and trading products for the global market. Th is 
project-oriented  organization entails new forms of cooperative work, break-
ing away from former hierarchical structures or job distributions and whereby 
engineers retain their status as technical experts, even though they are no more 
the only knowledgeable authorities in the team.

Th is new organizational mode is meant to increase the competitiveness of each 
individual business, but as a project requires the collaboration of many enter-
prises, the overall productivity largely depends on the eff ectiveness of these 
inter-business relations, particularly when it amounts to reducing design, 
manufacturing and delivery times. On this particular issue, Perlow (1999: 
70-73), who has conducted a study on engineers’ and managers’ work time 
in an American high-tech corporation, raises the point that, in interdepend-
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ent work patterns, “eff ective time use for the group requires that a suffi  cient 
number of interactive activities occur and that these activities be synchronized 
so as to achieve consistency”. Her conclusion that a new type of collective time 
management is needed, which interrelates these work patterns with the macro 
context in which they work, is particularly relevant for a multinational team 
working on a common project.

Th e ultimate outcome is the “virtual enterprise ”, a horizontal and temporary 
structure based on ICTs, which has been fl ourishing over the past decade and 
is progressively becoming the norm imposed by current economic evolutions. 
Katzy and Schuh (1999: 4) defi ne it as follows: 

“Th e virtual enterprise  is based on the ability to create temporary co-operations and 
to realize the value of a short business opportunity that the partners cannot (or can, 
but only to a lesser extent) capture on their own”. 

Th ey give the example of a toy company which, as far back as 1985, achieved 
a 50-million-dollar turnover with only a hundred employees, by getting their 
new toys designed by independent developers, manufactured in Asia, trans-
ported and sold in the US through independent partners. In this example, 
value is created through eff ective virtual operations. Th is type of organization 
is set up around a specifi c project in order to provide a new solution in a short 
time; it involves a structured cooperation between small units for a limited 
purpose, over a limited period of time and with minimum operational costs. 
Th erefore it is no more an institution, but a dynamic potential for action; it 
has to adapt constantly to new opportunities and develop the routines to that 
eff ect, thus facilitating permanent restructuring. In this context, the enterprise 
is to be defi ned in terms of operations rather than organization.

To summarize this section, today’s enterprise, whether large or small, is to cope 
with a two-fold necessity: on the one hand, it must continue to mass-produce 
at the lowest cost and improve products and productivity in order to gain mar-
kets and make substantial profi ts; on the other hand, it must constantly adapt 
to new opportunities, i.e. changeable markets, evolving customer demand or 
technological advances. Th e company, whatever its size, tends to focus on its 
core business and to outsource other activities to partners with the proper com-
petencies and resources, which requires reliable and effi  cient information and 
cooperation procedures. Th ere is an increasing shift from the previous pyrami-
dal organization to a more decentralized network form, culminating in the 
fast development of the virtual enterprise. Th is entails radical changes in the 
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internal role distribution of the fi rm, in which engineers still represent a crucial 
human resource, even though their status is now based on their capacity to 
share competencies and knowledge rather than their individual expertise. 

Th e Engineer’s Operational Role in Industry

“You see things and you say “Why?”. But I dream things that never were, and I say 
“Why not?” (G.B. Shaw). 

Th e engineer’s fundamental function, as highlighted by this quote, is to design 
and develop a solution to a practical problem. Whereas a scientist asks why 
a problem arises and searches for the answer to the question, the engineer is 
concerned with how to solve this problem and implement that solution. Of 
course occupational reality is more complex, and scientists may have to per-
form engineering tasks just as engineers happen to be involved in more theo-
retical research. In the light of the industrial evolutions studied in the previous 
section, we analyse hereafter the operational role assigned by the present-day 
company to the engineer, using the results of recent occupational surveys. For 
clarity purposes, we have identifi ed six categories of activities, which in turns 
include several tasks: alongside the classical engineering routine, i.e. problem-
solving and project management, today’s engineer has to cope with customer 
relationships, economic and industrial intelligence, overall management and 
concern with sustainable development, in order to meet evolving economic 
and social demands. 

Th e Engineer’s Traditional Tasks: Still a Priority

A recent survey on employers’ current expectations of the engineer’s skills (Va-
leurtech  2004), conducted among 987 SMEs in seven European countries, 
shows, or rather confi rms, that over two-thirds of the respondents, mainly 
managing directors and human resource managers, consider, unsurprisingly, 
that the engineer’s core job rests upon two typical classes of engineering activi-
ties: problem-solving and production management. Problem-solving  is a cru-
cial activity for engineers who, by using their scientifi c knowledge, technical 
expertise and professional experience, are to defi ne a problem, weigh reasona-
ble options, choose a solution, implement it and fi nally evaluate it according to 
their requirements and constraints. While the denominations may diff er from 
one industry to another, this common pattern applies to the engineer’s diff er-
ent tasks, whether these concern technical innovation, regular production or 
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maintenance and repairs. Christensen and Ernø-Kjølhede (2006) outline that 
“engineering work is technical, not only because engineers use esoteric techniques 
and instruments, but because machines and systems are the ultimate objectives of 
engineering. Maintaining and improving existing machines and systems and de-
signing new ones remain the core of engineering”. However, due to technological 
advances, particularly in software engineering, a number of routine tasks tend 
to fade out: calculations, designs, simulations, stress tests, safety tests, etc. are 
now performed or controlled by computers. Similarly, engineering chores are 
alleviated by the easy access to previous designs of parts stored in computer 
libraries. Th us, advanced technology saves time for the engineer to concentrate 
on more conceptual and scientifi c tasks, e.g. software development, or to turn 
to broader ones. 

Another classical function of engineers, highly valued by CEOs according to 
diff erent surveys (ASME  2004; Engineers 2005; Valeurtech  2004) is produc-
tion management , which includes work planning, estimation of resources, 
work organization, task assignments, team management, controlling failures, 
etc. Engineers have to determine the most eff ective ways to use the basic factors 
of production (people, machines, materials, information, and energy) in order 
to make a product or provide a service. Th ey also develop management control 
systems to coordinate activities and ensure product quality. Most engineers, 
particularly in small companies, have to combine these more logistic tasks with 
science-based problem-solving ones, thus broadening their occupational scope 
but on a small business scale; on the contrary, in larger organizations, they 
tend to specialize in more limited areas, hence the profusion of denominations 
from “design engineer” to “manufacturing engineer”, via a wide range of proc-
ess, project, industrial or safety engineers. In both environments, engineers 
tend to be confi ned to what Béranger et al. (1998) call an occupational “mo-
noculture” stemming either from the fi rm’s reduced size or the limited scope 
of their activities.

Further Assignments for the New Engineer 

Over the last decades, the engineer’s mission has become more and more com-
plex, since the very essence of the job has shifted from developing innovative 
and effi  cient products to responding adequately to the consumer’s needs. Yolin 
(2001) observes that the core of the innovation process lies in the conjunction 
between needs analysis and the capacity to contrive relevant solutions. S. Beder 
(1999: 8) develops a similar argument:
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“An engineering design  is more than a product of analysis. It is inevitably infl u-
enced by past technologies, personal preference of the designer, intuition about what 
is appropriate and will fi t the requirements and also cultural and social factors. 
Design is a social process involving interaction between the design team, the client 
and others.” 

Occupational communication , for which the engineer is reputed to lack ability, 
does not only apply to relationships with customers and business partners, but 
also includes regular oral and written interactions with the internal product 
team, marketing and sales managers and, in the context of the virtual enter-
prise, with the decentralized project team. It is nowadays an economic driving 
force which, with the help of the Internet, enables companies to introduce 
products to potential customers earlier in their life and to consult users for 
research and development purposes so as to increase customer satisfaction. To-
day’s engineers play a central role in this multipolar communication, insofar as 
they hold a strategic position between the customer’s original request and the 
end product, between consumers and the diff erent economic agents involved, 
i.e. marketers, plant managers, suppliers, project team, administrations, etc. 
Employers currently call on engineers to engage further in communication 
tasks as these are a crucial factor for the development of their companies (ME-
DEF  2000). In view of the above section on the virtual networking enterprise, 
the intercultural dimension of engineering is also to be included as a subset of 
the social and political activity.

A strongly correlated activity for the global engineer is to keep abreast with 
technological progress, evolving economic trends, new laws and regulations. 
Knowledge is considered by companies as a key asset to maintain their com-
petitive edge. Th e concepts of competitive intelligence, strategic intelligence , 
business intelligence have become familiar to most organizations, and essential 
to virtual ones, in this knowledge society. Engineers have always been involved 
in collecting information, like industry or market research, data mining and, 
more notoriously, military and industrial espionage. However, with the expan-
sion of the Internet and information technologies, information is no more con-
fi ned by corporate or national barriers; in modern businesses, automation and 
advanced technologies have allowed vast amounts of data to become available 
at any time. Th e engineer’s task then consists in identifying information needs, 
collecting data from reliable sources, analysing and evaluating them, and even-
tually applying the selected information to specifi c industrial projects: without 
information, there is no innovation (Lin 1999: 3). Besides, this easily acces-
sible real-time information is crucial to help organizations in decision-making, 
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thanks to proper and updated knowledge of customer needs, competitive pres-
sures, conditions in relevant industries, and general economic, technological, 
and cultural trends. Christensen and Ernø-Kjølhede (2006: 13) observe that, 
in this respect, engineering design is not only a technical process but also a 
social one. “To proceed, engineers have to take into consideration legal restrictions 
and standards, performance requirements set by customers, they have to negotiate 
with others in the company, etc.” 

Industry needs engineers who can perform a wide range of functions, as al-
ready described in the fi rst paragraphs of this subsection, one of which is man-
agement. An ASME  survey (2004), conducted among American mechanical 
engineers holding an engineering position, shows that respondents identify 
their overall activities as being 50% in engineering, 27% in management, 
and 23% in other areas, including administrative work, attending meeting, 
etc. Th e report also details what management tasks the respondents refer to: 
unsurprisingly, they range from project management, or cost estimation to 
team leadership or even marketing and commerce, etc. Th e Valeurtech  survey 
(2004) corroborates this trend, from the point of view of European employers: 
engineers currently carry out such tasks in the workplace, and are even expect-
ed to participate in decision-making. In a study of French engineers’ profes-
sional routes, Fayolle (2001: 85-87) points out that, out of the fi ve engineering 
types he has identifi ed, four are involved, to various degrees and for periods of 
varying length, in managerial tasks in the course of their careers. Th e profes-
sional trajectories of engineers diff er considerably according to opportunities, 
individual interests and resources; only a few end up as entrepreneurs. Yet, he 
stresses that the further away engineers move from their technical pole, the 
more they tend to engage in tertiary sector activities outside the scope of their 
previous professional background. As early as 1995, 14% of MIT engineer-
ing graduates were recruited in fi nancial fi rms, because their employers as-
sumed that their problem-solving competencies as well as their mathematical 
and computer skills would be useful in complex fi nancial transactions (Beder  
1999-1: 3). 
 
Communication, business intelligence and management are key activities 
which address the social and political role of the modern engineer, as endorsed 
by most companies. Th ey are not exclusive of further corporate demands re-
lated to societal issues, like protection of the environment, equal opportunity, 
commitment to quality and best practice, etc. Under the pressure of consumer 
movements, public opinion and governments all over the world, a growing 
number of businesses incorporate these considerations, willy-nilly, into their 
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policies. Th ese principles are embedded in the concept of “sustainable develop-
ment ” which, in the defi nition of the Brundtland Commission, is “develop-
ment that meets the needs of the present without compromising the ability of 
future generations to meet their own needs.” Th is “intergenerational equity” 
principle can be considered from diff erent viewpoints (Beder  1995: 9-10): the 
utilitarian pole sees the environmental crisis as a threat to a durable economic 
activity, whereas the deontological one considers it as a duty to the next genera-
tions, hence the denomination of “entreprise citoyenne” (the civic enterprise) in 
France. Beder observes that a majority of companies belong to the fi rst pole: “If 
we examine the way that sustainable development is operationalized, we see that 
it is done in a way that protects the market system and perpetuates individualism 
and self-interest above any ethic of equity”. Th us, to preserve or enhance their 
image and more pragmatically to avoid economic sanctions, employers ensure 
that their engineers conform to legal prescriptions concerning pollution levels 
and the protection of the environment. Th e latter are increasingly required 
to design sustainable systems that minimise the use of materials, energy and 
labour, and do not degrade natural ecosystems; hence, the development of 
“clean” cars running on unleaded petrol or CFC-free sprays and refrigerators. 
Beder (1999-2: 65) insists that, even if they are still neglected, “environmental 
considerations [that] should be considered at the design stage of every product 
and project of whatever size”. 

Th e reason for analysing engineer’s occupational activities and assignments in 
this section is to highlight the societal, social and political posture of the en-
gineering profession today, not only in the workplace but in view of the global 
economy. As companies are constantly exposed to new challenges but also to 
new constraints and concerns, they inevitably transfer these to their workforce 
in the form of new multifaceted assignments. Th e modern engineer can no 
longer aff ord to be the “self-absorbed loner with a one-track mind” portrayed 
by Braham (1992). Th e diversity of commitments engineers have to face today 
depends obviously on the size of the company, its product or service range, its 
broad or narrow market orientation and ultimately its geographical setting. 
Besides it implies that they need more than technical profi ciency to fulfi l the 
broadening requirements of their employers. 

Th e New Engineer’s Required Competencies

“If engineers are to be more than technical functionaries in the next millennium 
there is a need to provide young engineers with an understanding of the social 
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context within which they will work, together with skills in critical analysis and 
ethical judgement, and an ability to assess the long term consequences of their work. 
Engineering in the modern world also involves many social skills . Th ese include the 
ability to understand and realise community goals, to persuade relevant authorities 
of the benefi ts of investing money in engineering projects, to mobilise, organise and 
coordinate human, fi nancial and physical resources, to communicate and motivate, 
and to advise on many social, environmental and safety aspects of their work.” 
(Webster 1996)

Th is section, as epitomized by Webster’s assertion, reviews and discusses the 
engineer’s competencies and skills that are required by companies in relation 
to the activities and tasks studied in the previous section. From the variety of 
skills formulated in the above statement as well as in surveys or papers on the 
engineering profession, we have identifi ed four groups, i.e. technical – social 
– behavioural – refl ective skills, each group comprising other related skills.

Technical Skills as Core Competencies

Th e above-mentioned Valeurtech  survey (2004) can serve as a good basis to 
characterize technical skills; from its eight-choice question on which skills 
employers rank as priorities, they largely select a top three: 1) understand-
ing technical specifi cations, 2) understanding customer requirements, 3) good 
command of computing skills. Th e next two items are rated lower: good aca-
demic background and quality control, which can be interpreted either as un-
important or as too self-evident to be mentioned, the latter being more likely 
in the opinion of the Valeurtech team. Th us, if a specialized knowledge base in 
science and technology is obviously required for problem-solving and produc-
tion tasks, or for business intelligence activities, items 2 and 3 show that they 
have to be strongly interrelated with appropriate ICT skills and customer needs 
analysis. 

Hands-on skills and technical know-how are also highly valued, according to 
Globig (2000). Engineers are expected to be able to prototype their design, 
assemble a new product or device, repair a machine, but also accomplish tasks 
outside their academic background: for instance, with the help of the proper 
software, an electronics engineer should be able to perform a basic mechanical 
design or lay out a manufacturing cell. “Even though mathematical or scientifi c 
analyses are important tools in engineering, successful practice depends on trial and 
error, local and contextual knowledge” (Christensen and Ernø-Kjølhede 2006: 
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12). Similarly, information literacy is earmarked as essential by corporations, 
probably because of the shortcomings of engineers in this area: a working 
knowledge of information sources and the design and content of databases 
greatly facilitates design tasks, creations of patents or ISO-type registrations.

Social Skills  are to be Enhanced

A survey of Australia’s major engineering employers, cited by Beder  (1999), 
points out to “the lack of social understanding, human interaction and written 
communication skills” of the engineering profession. Similarly, a US report on 
Engineering Education in 1995 advocates the incorporation of “humanities 
subjects” into engineering courses to help graduates acquire “greater intellectual 
breadth, better communication skills, a penchant for collaboration and a habit of 
lifelong learning”. Th is concept of social skills needs to be delimited further for 
our purpose. Th ere seems to be a consensus in the relevant literature on the 
following ones. 

Communication  skills come fi rst: for Beder  (1999), “in addition to having the 
ability to explain technical problems, they [engineers] must be politically and so-
cially aware so that technical decisions can be made understood and communicated, 
with sensitivity, especially across cultural boundaries”. Th us, beyond the purely 
professional fi eld – e.g. dealing with customers, addressing peers or interacting 
with the project team, writing reports or technical specifi cations – communi-
cation aims at society at large: today’s engineers are to account for the results 
of their decisions in view of economic, ethical, cultural and environmental is-
sues. Th is skill is not one-way: it includes both the ability to address others and 
the capacity to understand and respond to them, in terms of customer needs, 
professional and national cultures. In this respect, it is a most crucial skill for 
the engineering profession, insofar as it covers the whole range of their current 
tasks and activities studied in the previous section of this chapter.

Leadership skills are closely linked with the above, inasmuch as they are based 
more on interpersonal relations and consensus than on hierarchical authority. 
Employers today insist on the necessity for their engineers to be better manag-
ers of people so as to attain higher work effi  ciency and avoid industrial disputes. 
Th e ability to lead a team relies on technical expertise, capacity to collaborate 
with people from diff erent backgrounds and diff erent cultures, pedagogical 
talent to advise or motivate them, and basic knowledge in human resources. In 
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Yolin’s terms (2001), charisma is to be preferred to hierarchy: “Leadership  des-
ignates a relationship between individuals who motivate and inspire each other so 
as to accomplish topmost performances.” However this concept of leadership may 
vary a great deal according to corporate and national cultures, as theorized in 
Geert Hofstede’s fi ve cultural dimensions. 

Business skills are strongly encouraged by employers, even if not prioritized 
(Valeurtech  2004; ASME  2004), by which most of them mean a clear under-
standing of business fundamentals: fi nance, legislations, marketing, human 
resources. Basic knowledge in these areas is considered as a useful complement 
for a well-rounded engineer in order to tackle the above-mentioned strategic 
tasks, namely business intelligence, management and customer relations. Simi-
larly, foreign language skills are valued but are perceived more as a personal 
asset for the engineer than a priority for companies, according to the survey 
results. 

Behavioural Skills : An Advantage

Contrary to the two previous sets of skills, behavioural skills are abilities that 
are innate rather than learned, they are “qualities” that are identifi ed as really 
important to engineering but cannot be taught in an academic course: they 
include judgement, visual skills, experience, creativity, initiative, curiosity, etc. 
However these can be eff ectively exercised and enhanced during an industrial 
placement or a fi eld project, in which cases they can even be assessed (Langley 
2005). Practical experience is invaluable to companies. 

In the context of the global fi rm which regularly deals with partners and cus-
tomers but also has to cope with competitors throughout the world, language 
competence needs to be complemented with intercultural skills . “Th e increase 
in the number of restructuring plans, company mergers/ takeovers, settlements of 
subsidiaries on the fi ve continents, entails the necessary training of professional 
teams capable of getting over national divides, commonplace stereotypes, negative 
a priori on the cultures of neighbouring countries and on the new professions of the 
Net economy” (Pelon 2003). Th e awareness of the importance of these skills 
among companies and engineering schools is recent; with the development of 
student and staff  exchanges, particularly in Europe, specifi c courses are organ-
ized to prepare them to cultural diff erences. 
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As technologies improve and change rapidly, there is a necessity for the engi-
neering profession to constantly update their knowledge and skills. Moreover, 
as they are bound to change jobs and workplaces several times, it is important 
for engineers to continue their education throughout their professional careers 
since much of their value to their employer depends on their knowledge of the 
latest technology (Engineers 2005). Th is capacity to adapt to new technology 
and to acquire knowledge in new areas is an essential variable for profession-
als, particularly in the context of virtual work organizations, as it enhances 
their employability. Continuing education, or lifelong learning, is therefore a 
strategic instrument for engineers and companies to maintain a technical and 
competitive edge. 

Refl ective Skills for a Cultured Engineer

One of the eff ective tools for lifelong learning is the ability to refl ect and learn 
from experience. Refl ective skills  are generally assumed to distinguish excel-
lent engineers from good effi  cient ones (Socha et al. 2003). However, this 
denomination is likely to present some ambiguity: do employers give it the 
same meaning as academics? Th ere is likely to be some diff erence, even some 
antagonism between the two perspectives: whereas organizations will insist 
on practice-oriented refl ection, i.e. analyzing a problem or improving meth-
ods, academics will emphasize the necessity for “refl ective critique and wider 
societal aspects of engineering” as an important element of the occupational 
ideal of Bildung (Christensen and Ernø-Kjølhede 2006: 18). Refl ection in ac-
tion is naturally essential because real engineering problems seldom turn up 
as well-formed structures, and engineers need the appropriate skills to make a 
reasoned decision in a complex unfamiliar situation (Henley et al. 2003). Th is 
concept of the “refl ective practitioner”, as described by Schön, is supported 
both by companies and professionals insofar as it encourages sound judgment, 
self-evaluation and a greater autonomy in engineers. 

However, Christensen and Ernø-Kjølhede (2006: 18) argue that to enhance 
the qualifi cations of engineers and to make the profession more attractive, the 
scope of refl ective skills should be broadened to what Barnett (1997) calls “crit-
ical refl ection”, which covers seven subsets, particularly refl ection  as a meta-
competence, refl ection as social formation and societal refl ection. Hence they 
propose that engineers should be able to: “consider the impact of engineering on 
nature and society, refl ect upon the utility, beauty, and goodness of their work and 
refl ect upon the truth of theories, the validity of assumptions and the correctness 



Chapter 16 • Industry Requirements for the New Engineer • 333

of calculations”. Similarly Beder  (1999: 12) stresses the need “to provide young 
engineers with an understanding of the social context within which they will work, 
together with skills in critical analysis and ethical judgment, and an ability to as-
sess the long-term consequences of their work”. Th ese statements are most likely 
to be shared, and even endorsed, by professionals and organizations: the latter 
cannot conceivably object to hiring employees with such in-depth skills. It cer-
tainly necessitates refl ective employers with a broad scope to employ “cultured” 
engineers, rather than “well-trained” ones.

Th e wide range of skills that are discussed in this section shows that compa-
nies need an engineering staff  with a broader scope, to be able to cope with a 
variety of situations and activities generated by new markets and new issues. It 
is obvious that not all companies will have the same concerns or the same level 
of requirements: those which are product-oriented will insist on the engineer’s 
core competencies whereas the market-oriented ones will tend to enlarge their 
perspective to social and refl ective skills. 

Conclusion

Th is chapter has focused on the company’s requirements of the engineer-
ing occupation which are engendered by rapid technological evolutions and. 
economic and social constraints. Companies have a twofold commitment: 
on the one hand, they have to satisfy shareholders whose main, if not sole, 
preoccupation is to earn dividends, irrespective of social, environmental and 
ethical issues; on the other hand, they have to respond to consumer demand 
for low-cost environment-friendly quality products and services. In order to 
fulfi l these commitments, they are bound to enhance their competitive edge 
through innovation, business intelligence and improved communication; to 
that eff ect, they need to rely on top professionals who are creative thinkers, 
adaptive hands-on people, able to appropriate new data and techniques. 

Engineers have always played, and indeed still play, this role and have readily 
incorporated business values into their occupational activities. Beder  (1995:3) 
observes that: “Business interests and engineering interests have always been 
aligned, and in the past there has been little confl ict between engineering interests 
and the public interest since engineering works were perceived to be almost synony-
mous with human progress”. Engineer loyalty to the enterprise is, on principle, 
legitimate not only because the latter provides a means of subsistence and an 
opportunity to develop one’s competencies, but also because the engineer’s sta-
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tus directly derives from the offi  cial recognition by the organization. Th erefore 
the engineer’s interests are essentially subordinate to business interests for eco-
nomic and occupational reasons. 

However, engineers are also committed to their professional codes of ethics 
which under some circumstances may come into confl icts with company re-
quirements. Th ese codes of ethics insist that engineers put the health, welfare 
and safety of the public before all other considerations, whether corporate or 
personal. Th ey can be seen as a form of social contract between the community 
and the engineering profession, prioritizing public interest over private ones. 
Th e globalization process has, in recent years, raised sustainability issues, such 
as fair trade and protection of the environment, which are confl ictual with 
business interests and thus put engineers in an awkward position. Codes of 
ethics are intended at least to prevent engineers from producing a design or 
an object that presents a risk to public health or safety. But the reality of the 
workplace is more complex, and the engineer often stands alone facing an ethi-
cal decision.

In that respect, social and refl ective skills, as described above, are eff ective 
instruments which can help the engineer fi nd the right approach to confl ict-
ing interests. Th e engineer’s capacity for critical refl ection can of course be 
considered as a negative response to the company’s policy if it is not used in a 
constructive way, but educated employers will recognize the benefi ts of getting 
well-argued advice from an employee with a broad perspective, if only to avoid 
major mistakes. In this knowledge society, it is not suffi  cient for companies to 
employ knowledgeable engineers, it is essential that this knowledge should be 
used in a refl ective way, for the sake of the enterprise, of the community and 
of engineers themselves.
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Chapter 17 

Th e Status of the Engineer in Europe 

in View of Social Changes

Alessandro Gasparetto

Abstract: Th is chapter will look at the relationship existing between the changes in 
the engineer’s role and the economic and social changes in society at large. Our inves-
tigation will be based on survey data at the European level, and will seek to answer a 
major question: who is the modern engineer and how does he deal with social issues. 
After a brief historical overview, the main causes for what is sometimes called “engi-
neering decline” will be analysed: nowadays many aspects of this profession appear to 
have changed and engineering, having lost its former social role, seems to be less in-
teresting and appealing to young people. Special emphasis will be put on the connec-
tion of this phenomenon with the more general crisis of scientifi c vocations. Finally, a 
proposal to solve this problem will be considered.

Introduction

In Europe the fi gure of the engineer achieved some importance in the 18th 
century, when it was indissolubly linked with the Army. Th e numerous wars 
characterizing European history in the 18th and 19th centuries were of crucial 
importance for the fi gure of the engineer, since there was a great demand for 
valuable and skilled people who could design and build the technological de-
vices needed by the diff erent national armies.

Later, due to the rise of a novel social and economic scenario, the fi gure of the 
engineer began to free itself from the former strict ties with the army, and en-
gineers claimed independence from national institutions. Th is resulted in the 
foundation of dedicated technical schools and institutions at University level, 
such as the “Ecole Centrale des Arts et Manufactures”, established in France in 
1828, and the Polytechnic Institute, established in Germany. 
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Th e importance and social relevance of engineering reached its peak in the 
decades following World War II. Europe had been devastated and destroyed by 
years of insane fi ghting, thus all its energies were devoted to the diffi  cult task 
of reconstruction. Europe became a huge fi eld of great public works: millions 
of public buildings and private houses had to be rebuilt and provided with the 
necessary facilities (gas, water and heating); also all the infrastructure, from 
public roads to communication networks, had to be rebuilt. For the public, 
engineers embodied the willingness to rise from the ashes of the war again, and 
the tasks they carried out were looked upon with respect, if not awe. A class of 
competent and creative people took the leading role in society, with the aim 
of rebuilding Europe not only physically but also morally, by means of their 
qualifi ed technical and scientifi c skills (Keey 1982).

Th e years 1945-1973 have been named by some historians “Th e thirty glori-
ous years of Engineering”: engineers were protagonists and active makers in 
the amazing economic and social development of the time. Th eir importance 
could also be inferred from the high wages they enjoyed during these decades. 
Th e year 1973 was a turning point: the energy crisis occurred, causing a rise 
in the price of crude oil. Th e economic scenario suddenly changed, and the 
social and economic relevance moved from civil and infrastructure engineers 
toward chemical and production engineers, giving a diff erent connotation to 
the engineering profession. In the same years, the electronic revolution started 
with the advent of the microprocessor: this event marked the development 
of a new branch of engineering, which experienced an amazing success that 
lasted up to a few years ago. Closely related to electronics, the new computer 
engineers, information engineers and, more recently, telecommunication en-
gineers acquired a great importance, since electronics, computer science and 
telecommunications contributed to the metamorphosis of the European social 
and economic patterns. Each aspect of European life has by now been perme-
ated with the presence of advanced informative systems. In recent years, the 
most popular engineering fi gure has turned out to be the biomedical engineer, 
because concerns about health are widespread in a European society which is 
getting older and is facing problems related to welfare. Th e biomedical engi-
neer constitutes a bridging fi gure between engineering and medicine, that is, 
between two worlds that were completely separated until a very few years ago. 

We would like to conclude this section with a few words on another kind of 
engineer, who looks quite diff erent from those mentioned above. Th e quest 
for people who could manage the increasing complexity of the new produc-
tion systems  generated, in the last decades, the need for a new professional 
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fi gure: a versatile person, endowed with logical reasoning as well as with a 
broad theoretical and practical scientifi c background. Such a fi gure should be 
able to manage the problems arising in big and small industrial environments 
and to redesign industrial production plants, in order to cope with new market 
needs. Th e “industrial engineer ” (also called “management engineer” in some 
countries) was born. In order to be able to solve problems of diff erent kinds, 
this new fi gure had to be multidisciplinary, with a knowledge ranging from 
the technical to the economic. Rather than mastering a single technique, the 
industrial engineer needed to have knowledge of many possible approaches, 
in order to be a “problem solver”. Th is appeared to be a real revolution in the 
defi nition of the engineering role, while the previous changes could be consid-
ered as simple changes in the domain of technical application. Th e evolution of 
the global economy has forced many companies to switch their mission from 
mere producers of goods to service providers. In this context, the fi gure of the 
engineer is progressively losing its former “technical” (in the classical sense) 
content, to acquire some competences formerly connected only with econom-
ics graduates (e.g. budget management, marketing, etc.). Th is is due to the fact 
that, in modern companies, the technical and economic aspects cannot be 
kept separate any more, so a hybrid fi gure has become increasingly necessary. 
Engineering graduates appear to meet such a requirement in a better way than 
economics graduates, mainly because the former are provided with a stronger 
mathematical and technical background than the latter. 

Th e Decline of the Relevance of Engineering in European Public 
Opinion

Despite the success enjoyed before, it is a fact that in the last 10-15 years (but 
the fi rst symptoms of this trend could already be found during the 1980s), 
engineers all over Europe had to face a change of attitude towards their profes-
sion. Th e status  of engineers, widely celebrated and respected in the past, is no 
more at the top of the list in European estimation. We take as a reference a 
survey carried out in the European countries in 2001 (published in “Europe-
ans, Science and Technology” 2001). On average, the professions most trusted 
by the Europeans are the following:

Doctors 71.1%

Scientists 44.9%

Engineers 29.8%
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Judges 27.6%

Sportsmen 23.4%

Artists 23.1%

Lawyers 18.1%

Journalists 13.6%

Businessmen 13.5%

None of the above 6.9%

Politicians 6.6%

Th e esteem levels for each country are reported in Table 17.1.

Table 17.1. Esteem Levels of Various Professions

From a very rough analysis of the data reported above, two facts should be 
noticed:

• the most trusted profession is medicine, while scientifi c and technologi-
cal professions, as well as the others, get a much lower score;

• the diff erence in trust level between scientists and engineers is quite 
remarkable. Both professions are characterized by a high scientifi c and 
technological knowledge, but engineers get a considerably lower score 
than scientists.

It is a fact that engineering appears a trusted and respected profession only to 
less than one third of European people, whereas only a few decades ago, it used 

B DK D tot. GR E F IRL I L NL A P FIN S UK tot. EU 15

Doctors 74.3 58.9 64.4 68.0 68.0 80.4 69.6 67.4 79.2 72.2 65.2 76.5 76.0 73.9 78.0 71.1

Scientists 48.5 50.1 42.7 53.3 47.4 47.9 22.9 46.4 50.1 50.0 36.2 35.2 43.5 54.8 40.9 44.9

Engineers 31.5 28.7 26.6 24.7 32.1 33.8 24.3 27.1 31.9 29.2 16.5 26.4 27.5 24.5 36.3 29.8

Judges 21.3 41.9 35.5 26.0 20.9 20.0 24.0 23.3 32.5 39.1 29.0 30.4 26.3 37.4 27.2 27.6

Sportsmen 30.5 14.7 16.8 49.1 32.8 26.3 35.0 19.3 22.5 27.5 23.1 22.3 17.1 12.9 23.3 23.4

Artists 32.2 19.2 16.4 31.8 25.8 30.3 13.4 29.8 26.4 29.6 13.7 24.9 25.6 17.5 14.8 23.1

Lawyers 17.4 21.3 21.1 17.5 15.2 15.4 16.2 12.5 20.3 24.7 15.6 15,5 14.0 20.3 22.8 18.1

Journalists 20.3 8.8 8.6 24.4 26.7 17.6 14.1 12.3 26.8 15.9 8.1 25.8 10.0 9,3 5.0 13.6

Businessmen 17.8 11.9 9.0 14.5 16 10.6 18.4 18.1 17.1 13.7 16.0 15.6 18.6 11.2 14.6 13.5

None of the 
above

4.7 7.9 8.9 6.5 8.0 5.6 6.2 6.7 3.6 7.6 9.1 4.8 4.0 6.9 5.1 6.9

Politicians 8.7 13.1 7.8 5.8 6.2 3.2 6.1 4.5 16.8 14.9 8.7 5.9 7.1 9.8 6.3 6.6

DNK 2.6 3.0 3.5 0.4 1.2 1.5 5.5 2.5 2.8 3.4 3.4 3.3 2.0 2.7 3.6 3.0
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to enjoy high social status (Gouthier 2005). Such a change in attitude deserves 
a deeper analysis, and this is what we aim to achieve in the following sections, 
where we will try to assess the causes of this “engineering decline” . 

Th e Crisis of Scientifi c Education

What we called “engineering decline” can be closely related to another alarm-
ing phenomenon, namely the crisis  of scientifi c vocations among young Euro-
peans. An evident contraction in the number of young people enrolling in sci-
entifi c faculties emerged fi rst at the end of the 1980s in the U.S., then extended 
to Europe in the mid-1990s. All European states, as well as the European 
Commission itself, are quite alarmed at this, since they are worried about the 
prospect of facing a dramatic need in the future for technically skilled peo-
ple at post-university level (Report from Education Council to the European 
Council 2001). Th is scenario would, in the best case, force Europe to recruit 
technically competent people elsewhere (e.g. China, India), while it would, in 
the worst case, make producers of technologically valuable goods move their 
premises outside Europe.

Th e survey “Europeans, Science and Technology” (2001) showed that pub-
lic opinion  was not fully conscious of this problem, since less than half the 
Europeans considered the fall in interest for science a serious threat to future 
socio-economic development. Th e Europeans were asked this question: “Con-
cerning the fall in interest for science by young people, do you think that this 
phenomenon poses a serious threat to future socio-economic development?”. 
Th e answers were the following:

• I agree 42.4%

• I do not agree 30.2%

• I do not know 27.5%

Th is survey confi rms the basic lack of trust shown by the Europeans towards 
sciences. Th is scenario raises big worries because science , which so signifi cantly 
contributed to the amazing socio-economic progress of Europe in previous de-
cades, is no longer seen as the main engine of development. Th e most alarming 
result may be seen in the fact that almost one third of Europeans do not care, 

EU 15

71.1

44.9

29.8

27.6

23.4

23.1

18.1

13.6

13.5

6.9

6.6

3.0
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or do not have any opinion on this subject. Th is may be the direct result of 
inappropriate information about science.

Another question in the same survey confi rmed these worries. Th e Europeans 
were asked to indicate their level of information and interest in science and 
technology. Th e answers were the following:

• I am informed and interested 29.1 %

• I am interested but not informed 14.7 %

• I am neither informed nor interested 45.8 %

• Other 10.4 %

From this survey, it is quite obvious that almost half the Europeans are not 
interested in science, and only less than one third believe they have proper 
information about such topics.

Table 17.2. summarizes the results concerning another topic in the survey. Peo-
ple were asked to express their opinions about the causes of the falling interest 
among young people in scientifi c studies and careers. 

From the reported results, it can be inferred that most people believe that 
scientifi c topics are too boring and diffi  cult, without any real appeal. Young 
people consider scientifi c and technological courses too hard and selective. Th e 
general opinion is that science and engineering are careers that can be entered 
only by people having a natural aptitude for this kind of studies and topics. 
We believe that some blame should be put on the current educational system, 
which is not able to stimulate young people and attract them towards scientifi c 
and technological domains (Monastersky 2004). 

It is also a fact that so many innovations are made every day due to technol-
ogy, that the atmosphere of glamour which pervaded science until only a few 
decades ago, has disappeared. For instance, the fascinating and almost magical 
way in which astronauts were viewed in the 1960s is something that cannot by 
any means be reproduced nowadays. Th e transfer of innovations to everyday 
life has spoiled most of the glamour associated with science.
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Table 17.2. Reasons for the Declining Interest in Scientifi c 
Studies and Careers

What do you think is the 
main reason for the de-
clining interest of young 
people in scientifi c stud-
ies and careers 
(% EU 15)

Main 
reason

In second 
place 

In third 
place 

Cumulat-
ed total

Science lessons at school 
are not appealing enough

25.2 19.6 14.7 59.5

Scientifi c subjects are too 
diffi  cult

19.8 21.8 13.4 55.0

Young people are less in-
terested in working in the 
scientifi c fi eld

14.5 15.6 19.5 49.6

Salaries and career pros-
pects are not suffi  ciently 
attractive in the scientifi c 
fi eld

14.5 15.1 12.9 42.5

None 2.4 15.7 20.7 38.8

Science has too negative 
an image in our society

10.1 8.1 11.8 30.0

Do not know 12.2 3.3 5.1 20.6

Other 1.3 0.9 2.0 4.2

Another factor determining the decrease of interest in scientifi c careers is the 
fact that the current society is essentially based on visibility and success, es-
pecially from the economic point of view. Th e change of socio-economic hi-
erarchies  in the western world is also responsible for a vocational crisis. Th e 
engineer (and, more generally, the technician and the scientist) is no longer 
at the top of the socio-economic pyramid, so science and engineering are no 
longer seen as promising careers leading to success: “Most high school students 
today do not view an engineering education as a path to success and prestige worthy 
of the sacrifi ces of a rigorous curriculum” (Bugliarello 1991). Th e discipline and 
rigor requested by these courses are negatively perceived by students: many of 
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them consider science courses as diffi  cult to study, hard to understand and not 
leading to success in society.

Th e Distrust toward Engineering and Technology

Th e strong social impact of engineering on lifestyle raises a question concern-
ing its nature and aims, due to the dichotomy and ambivalence of scientifi c 
and technical progress. Progress  is intrinsically a double-edged weapon. In-
novations, discoveries, inventions, and researches have certainly improved the 
human condition, but have often turned out to be diffi  cult to manage, and in 
many cases have also led to dangerous consequences (Herkert 1999). For in-
stance, the invention of the car made communications easier, quickened trans-
portation, contributed to women’s social emancipation, but at the same time 
caused pollution, the congestion of cities, the devastation of the environment, 
and the deaths of people. It can be stated that “the list of the impacts and side ef-
fects of technology is long and growing and has contributed to society’s ambivalence 
of technology” (Bugliarello 1991).

Today, the European society puts the blame on engineering for being more in-
terested in developing and exploiting technology , rather than in evaluating its 
consequences on people and on the social environment  where technology is to 
be introduced. “Engineers have tended to focus on the development of new technol-
ogies rather than the social setting – municipal bureaucracies, school systems, and 
homes – in which that technology is to become acceptable if it is to be successful” 
(Bugliarello 1991). We are witnessing a reassessment of the way in which pub-
lic opinion sees engineering: namely, a critical attitude has replaced the enthu-
siasm shown by public opinion during the reconstruction years, when society 
was deeply thankful toward engineers for their fundamental contribution to 
quick and far-reaching economic developments. Th e social prestige accorded 
to the engineering profession during the rebuilding era after World War II 
is exposed to a critical examination. Th e acknowledgement of the important 
contribution engineers have given to society is not forgotten, but an attitude of 
awareness and concern for controversial social and environmental issues must 
defi nitely be adopted, in order to help engineering regain its former level of 
trust. Hence, today’s engineers should not be concerned only with technical 
aspects, but integrate in a more global dimension taking into account the con-
sequences of technology on the social scenario and on the environment. 
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Th e Predominance of Commercial over Technical Issues

Europe entered a post-industrial age several decades ago, in which the tertiary 
sector has a dominant position, compared to agriculture and industry. Th is 
means that production cannot be kept separate any more from commercial 
and marketing activities, as was the case not so long ago. Moreover, technol-
ogy has become a basic commodity and innovations are made at a very fast 
pace, so that any new product becomes obsolete in a very short time. Under 
such circumstances, the quality of the service off ered to the customers becomes 
an element of utmost importance. Th erefore marketing and commercial skills  
also become important for technical people: as statistics show, the number 
of engineering graduates, employed to hold commercial positions, has been 
constantly increasing over the last few years. As a consequence of this, the pres-
tige of engineers as technically competent people has constantly been on the 
wane. An epochal change has occurred in the current post-industrial society: 
mana gers  are replacing engineers at the top levels of the professional pyramid 
(Bomke 2003).

Another cause of what we have called “engineering decline” is that, in the 
whole production sector, the designer’s centrality is losing ground to the prod-
uct’s centrality. Nowadays, the focus is on the product, and every single aspect 
of it is programmed and analysed, not by a single person or a homogeneous 
group of people (i.e. the technicians), as happened in the past, but rather by a 
multidisciplinary team, in which engineers are generally not the leading play-
ers. As B. Delahousse states in chapter 16 of this book, enterprises are no longer 
monolithic pyramidal fi rms, but rather project-oriented companies. Moreover, 
the fact that routine tasks (such as computations, drawing, simulations, etc.) 
are performed by computers makes engineers available for further (often non-
technical) tasks within the enterprise. 

Hence, the modern engineer must be able to adapt to teamwork and to have a 
multidisciplinary  approach. He should also be capable of interacting with peo-
ple coming from diff erent backgrounds (such as economic analysts, marketing 
and commercial people, etc.), who often have an opposite vision of the way to 
pursue the objectives set by the company. To this end, the engineer must have 
a wide vision of things and a broad educational background, though keeping 
his own specifi c competences in the technical fi eld. Th is constitutes a major 
distinction with respect to the classical engineer, who had a more limited vi-
sion, focused on the technical aspects only.
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Th is new approach requires a forma mentis that might not be easy to acquire 
for engineering graduates: nowadays, young graduates fi nd it diffi  cult because 
they are generally not skilled at using the appropriate methodological tools 
to deal with complex problems. Th e educational system must therefore be re-
thought, to which end a proposal will be set forth further on in this article.

Th e Lack of Communication Skills among Engineers

Another cause for the “engineering decline” can be attributed to the lack of 
communication  skills, which is admittedly a major drawback for the average 
engineer. Indeed, there is a remarkable diff erence between engineers, on the 
one hand, and non-technical graduates on the other : “Most people who study 
engineering (…) have higher mathematics skills than verbal and social ones.” (Bu-
gliarello 1991). It is a fact that engineers are generally less concerned about 
social and relational interests. Th is incapacity to create a net of relationships 
and to communicate with an increasingly demanding public causes serious 
misunderstandings about the role of the engineer, both at his workplace and 
within the whole society. As B. Delahousse points out in chapter 16, the engi-
neers’ social skills need to be enhanced both for professional interaction (with 
customers, peers, project teams, etc.) and to account to society at large for 
engineering decisions (with respect to ethics, ecology, etc.).

Engineers should become aware that in today’s society it is important not only 
to have an idea, but also to be able to express it in such a way as to convince 
people that it is a winning one: “Because the engineer’s skills and judgment are 
sought out and scrutinized by a wide variety of constituencies, from manufactur-
ing experts to marketing experts, to public interest groups and government, today’s 
engineer must be able to speak and write clearly, precisely and persuasively” (Whit-
man 1991). Communication is essential in improving relationships, in order 
to generate cooperation and a real integration between knowledge shared by 
people with diff erent backgrounds. Responsibility for this also lies with engi-
neering curricula , since the systematic study of socio–technological issues, as 
well as the training of communication skills, are rarely considered in engineer-
ing classes at university level.
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Unsatisfactory Working Conditions

At fi rst sight, the occupational situation of engineering graduates would not 
appear so bad, especially if compared to that of graduates from other faculties. 
Engineering is still the university curriculum that is most likely to provide one 
with a job in a short time, but many engineers express dissatisfaction with the 
quality of the job they fi nd, as well as with the level of their salaries (Monas-
tersky 2004).

Furthermore, engineers working in technical offi  ces of private companies feel a 
kind of psychological “inferiority complex” compared to colleagues working in 
the sales and marketing sector. Th ey feel that the technical function does not 
meet with enough consideration in today’s production sector.

Another source of dissatisfaction comes from the fact that engineers are now 
experiencing the precariousness characterizing the labour market. Engineering 
used to be a secure, lifetime job until very recent times, but nowadays the well-
known fl exibility of the labour market has aff ected this profession, too. Th is 
reality does not give young graduates a long-term perspective, which could 
somehow compensate for the decreased prestige and salary of an engineering 
career (Vines 2005).

On the other hand, more attractive career prospects can be found by engineers 
who leave their original technical vocation, in order to join commercial or 
management positions inside the company where they work. Indeed, a number 
of engineers are employed in commercial positions, with an evident sacrifi ce of 
their technological vocation. Also engineers working as free-lance professionals 
have a hard time nowadays, since the labour market has become very competi-
tive, due to the increasing off er of technical services.

Th e Crisis in Engineering Education and a Proposal for its Solution

In order to fi nd solutions to deal with the “engineering decline” described in 
the previous sections of this chapter, we must be aware that special emphasis 
must be placed on the educational system . Along with all the phenomena de-
scribed above, we can also speak of a crisis in engineering education , due to 
the fact that the educational systems established in the last 10-15 years at uni-
versity level do not appear adequate in shaping a professional fi gure with high 
chances of success in today’s society. Indeed, the educational model recently 
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recommended in European universities is taken from the one adopted in U.S. 
colleges, which is characterized by excessive specialization and lack of multi-
disciplinary knowledge. In our opinion, a fi rst initiative must be taken in this 
fi eld: engineering students should be endowed with a durable and multidis-
ciplinary knowledge (“Engineering education: designing an adaptive system” 
1995). Course contents must not simply follow the market trends (which can 
rapidly change), but rather provide students with a methodological approach 
enabling them to tackle and solve both “technical” and “less technical” prob-
lems.

Engineering curricula at university level should not indulge in excessive spe-
cialization, but rather allow for a consistent education of the young engineering 
student. In a sense, the “true essence” of engineering has to be taught, which 
can be defi ned as the forma mentis most suitable for providing solutions to the 
problems and needs of a quick-changing dynamic society. Today’s engineers 
must be fully aware of the tight relationship linking science , technology  and 
society . To this end, it would be a great enrichment of the engineer’s cultural 
background if some courses, where ethical, social and environmental issues 
related to professional life would be dealt with and discussed in depth, were 
included in the university curricula (“Educating the engineer of 2020: adapt-
ing engineering education to the new century” 2005). As Bugliarello (1991) 
points out, “the systematic study of socio-technical problems is rarely included in 
the engineering curricula as an important sphere of engineering activity”.

Indeed, “content-based learning alone must not drive engineering education. Th e 
primary aim will be to instill a strong knowledge of how to learn, while still pro-
ducing competent engineers who are well-grounded in engineering science and 
mathematics and have an understanding of design in the social context. Ideally, the 
education engineers obtain at the undergraduate level will be broad enough to pro-
vide a strong basis not only for a career in engineering but also for careers in other 
professions” (“Engineering education: designing an adaptive system” 1995).

Taking the suggestion put forward by Christensen and Ernø-Kjølhede, it would 
be advisable to introduce in engineering education the occupational ideal of 
Bildung , defi ned as “the ability to transcend occupational culture in the direc-
tion of the common good” (Christensen and Ernø-Kjølhede 2006). Th e occu-
pational ideal of Bildung includes elements such as: critical refl ection, critical 
analysis, ethical judgment, refl ection on the long-term impact of engineering 
work on nature and society, and refl ection on the truth of theories, which all 
must necessarily be part of the educational background of engineers. 



Chapter 17 • Th e Status of the Engineer in Europe  in View of Social Changes • 351

We can conclude our analysis by asserting that the ideal of the engineer, to 
which the educational system must tend, can be well expressed by the concept 
of Th e New Renaissance Engineer defi ned by W. Bomke in chapter 1 of this 
book. Namely, the engineer must be able to combine diff erent engineering dis-
ciplines and also to excel in non-engineering areas. To this end, excessive spe-
cialization  must be avoided in the education at university level; students should 
be given competences outside the engineering fi eld, in order to strengthen soft 
skills , languages, business qualifi cation, leadership talent, etc. Th is can be done 
by introducing into the students’ study plan some non-engineering courses 
(e.g.: languages, psychology, sociology, business, art, etc.), to provide tomor-
row’s engineers with that multidisciplinary knowledge which is the only way 
to make engineering regain its important role in society.

Conclusion

A brief historical introduction was given at the beginning of the chapter, in 
order to show how big socio-economic changes have had a major impact on the 
evolution of the role of the engineer. Th e main causes for the so-called “engi-
neering decline” were then analysed and discussed. Special attention was paid 
to the link between this phenomenon and the crisis of scientifi c education.

Th is analysis of the causes allowed for a proper defi nition of several proposals 
to boost the image of the engineer in his/her workplace, as well as in public 
opinion. Particular emphasis must be laid on the educational system, in order 
to provide students with a wider knowledge, more integrated with the ethical, 
social and environmental issues with which European society is concerned. 
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Chapter 18

Female Engineers in Europe 

Eva Sørum Poulsen

Abstract: With the decline in the number of students interested in pursuing an engi-
neering degree in higher education institutions across Europe, a wide number of re-
gional and national programmes have been launched in order to improve the concep-
tion of engineering and science students, as well as to generate gender equality in the 
fi elds. Even though women have traditionally been underrepresented in engineering 
study programmes, more national and European agencies realize their importance as 
potential role players in the future development of the region and have made women 
the focus of their eff orts to attract more students. Th e fi rst section of this chapter 
presents diff erent points of view regarding research in gender inequality  in engineer-
ing and scientifi c fi elds. Th e second section discusses the myths and realities concern-
ing the dominance of men in the engineering fi eld as well as issues sustaining the con-
tinuance of such preconceptions like the Wage Gap and social gender stereotypes. Th e 
third section presents the bases for women to choose to become engineers as well as 
the challenges and advantages generated from such a choice. Th e chapter closes with 
the presentation of strategies to make engineering study programmes appealing to 
women, and to “humanize” engineering studies by adding a “female touch” to them.

Introduction

Th e fi elds of engineering and science have traditionally been male-dominated  
throughout the world. Women  face numerous obstacles when entering and 
promoting themselves in the engineering world and they are often under-rep-
resented in the industry and in decision-making bodies and boardrooms. Even 
though there have been signifi cant improvements in the participation of wom-
en in scientifi c fi elds, the number of women holding high positions in science 
is in many countries still very low compared to advanced countries such as the 
United States (U.S) (Wynarczyk 2004).
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Technology-based organisations have long been challenged to deal with gender 
inequality  in the workplace. Educational change programmes which centre on 
diversity management and which are lead by people such as Sue Lewis, who 
has worked closely with corporations to help them focus on gender diversity 
and its impact in work and study places (Lewis, n.d.), are highly encouraged. 
Lewis, together with Jane Copeland, made signifi cant impact on engineering 
in their research on the experiences of female engineers . Th ey provided that it is 
culture itself which should change, and how it perceives women in male-domi-
nated  fi elds such as engineering, rather than changing the individual (Lewis 
and Copeland 1998). However, related studies, most notably by Ruth Carter, 
argue that this may be diffi  cult to achieve since engineering is a unique pro-
fession that will not easily embrace change due to its very nature (Carter and 
Kirkup 1990). Th ese issues and debates on women and science have been in-
ternationally recognized, with the European Commission establishing a group 
of national representatives, called the Helsinki Group on Women and Science . 
Th e group is a forum for dialogue on national policies regarding women and 
science, and serves as a venue for women to share and compare experiences. 
Th e Helsinki group provides national reports on the position of women sci-
entists, including women engineers, in their respective countries to continue 
to understand why women are excluded from engineering and other fi elds of 
science (CORDIS 2006)

Yet, despite these eff orts, many women still encounter challenges in pursu-
ing an engineering career. One of the major obstacles is balancing career and 
family. Many women fear they will pay a price in career advancement if they 
opt to focus on family obligations (Byko 2005). Th is chapter will examine the 
various biases against women in the fi eld of engineering, the preconceived no-
tion of engineering as a male-dominated  fi eld, the societal expectations which 
act as roadblocks for women trying to make a career in engineering, and the 
challenges not only women, but organisations and society face to deal with this 
gender inequality .

Myths and Realities: Th e Ideals of Masculinity in Engineering Cul-
ture

Th e biggest problem is the fact that men, not women, have dominated science 
and engineering for centuries and as a result, various biased attitudes emerged 
as illustrated by the gender inequality  in the fi eld of engineering. Th e culture 
of scientifi c inquiry and the cultures of scientifi c departments tend to have 
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traditionally been predominantly male-dominated . Unfortunately, there is an 
implicit assumption that scientifi c activities and discoveries are largely charac-
teristic of men, not women. Th is can be seen from the engineer-driven designs 
of manufacturing and the male dominance in certain industries and occupa-
tions throughout the world. As a result, women are not often singled out in 
inventive or innovative literature and history, except in some exceptional cases. 
A review of related literature will indicate that the gender dimension is often 
ignored when it comes to a study or review of scientifi c activities and discover-
ies, research and development, or the management of technological change 
and scientifi c activities (Wynarczyk 2004).

One reality today which clearly illustrates gender inequality  is the Wage Gap , 
which is the diff erence between the earnings of men and women. In 1999, 
women made 76.5% less than their male counterparts as an average of all oc-
cupations, and 16.8% less than men on a weekly basis for occupations dealing 
specifi cally with technology. An explanation behind the Wage Gap is the dif-
ference in the types of jobs held by each gender group. Women tend to domi-
nate sales, services, and clerical occupations – 57.4% of women hold positions 
such as nurses, secretaries and waitresses. Th ese jobs are often called pink-col-
lar jobs and pay less than jobs dominated by men. Th us, job choices made by 
both men and women tend to contribute to the Wage Gap (Kunkel 1998).

Th e diff erence in job choices made by men and women may be traced to gen-
der stereotypes . Certain characteristics are normally associated with each gen-
der, and these associated characteristics tend to have a great infl uence on the 
choices that men and women make concerning their careers. Characteristics 
such as strength, toughness, decisiveness, leadership abilities and power are 
often associated with men. On the other hand, characteristics such as weak-
ness, attention to relationships, contextualized thinking, and interconnection 
are generally regarded as female attributes. In short, social attributes tend to be 
regarded as feminine. Unfortunately, women are disadvantaged by such gender 
stereotypes. Many women tend to believe these stereotypes as much as men do, 
and this accounts for the slow advancement of women in the fi elds of science, 
engineering and technology. Women tend to be intimidated from venturing 
into occupations, such as engineering, which are traditionally perceived as be-
ing male-dominated  due to these gender stereotypes. It should be noted that 
such stereotypes, and the resulting lack of interest in areas such as science and 
engineering, could be traced back to the educational orientation of the young 
female. Girls have been less apt than boys at taking computer, biology, chem-
istry or physics courses during school. A study by the Centre for Children and 



356 • Eva Sørum Poulsen

Technology/Education Development Centre showed that men viewed technol-
ogy as a source of power that ought to be used for one-way communication and 
the conquering of nature. On the other hand, the women surveyed indicated 
that technology should be viewed as a way to communicate, connect and share 
ideas (Kunkel 1998). 

Aside from this preconceived bias against women excelling in scientifi c and 
engineering activities, there is also the gender stereotype that women are by 
nature and socialization constrained to certain activities such as nurturing and 
caring, rather than other activities like abstracting and rational analysis (Toren 
2000). Society is prejudiced against women in terms of equal ability – women 
more often than not receive the negative impression. Th e bias is not necessarily 
rooted in male discrimination against women but in the way gender stere-
otypes were formed in the society we live in (Meckel 2005).

Th ese gender roles and stereotypes have had clear impact on the occupa-
tions  women choose to pursue. Th ere is a clear hesitation to pursue jobs in 
engineering due to these gender stereotypes. In the year 2000, approximately 
1,788,000 men were in some form of engineering occupations in the U.S., 
while there were only 210,000 female engineers (Kunkel 1998). Th e reason for 
this low number is the fact that the engineering culture is a culture of industry 
where women are a minority. Th is culture is also refl ected in universities, where 
women tend to opt out of engineering programmes even if statistics show they 
perform better than men. Th e reason for this is the fact that engineering is still 
perceived by many young women as a “good old boys club” where the men 
tinker with machines (Adelman 2005). It is clearly a stereotype that pervades 
both men and women, as brought about by societal biases, which have resulted 
in the limited number of women in engineering professions.

Female Engineers  

Why Should Women Become Engineers?

Women should opt to become engineers not merely to rid the gender bias that 
engineering is a man’s preserve, but also for reasons of diversity. If engineering 
is too strongly identifi ed with one gender (in this case, the male gender), or 
one personality type, or one race, the fi eld will stagnate through time as the 
players remain limited to one way of viewing the world. Engineers, if all male 
or male-dominated , will tend to cumulatively exclude perspectives and talents 
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which may be valuable for growth and advancement of the fi eld itself. Diver-
sity  in engineering is important not merely to accept diff erent people into the 
fi eld of study, but to improve the subject as a whole. Th is translates to ensur-
ing that activities within engineering cover the full range of human concerns 
and remain varied and open to the exploration of diff erent possibilities. In 
other words, as new problems open up over time, new sources of creativity will 
become not only useful but also indispensable to deal with changing human 
needs (Williams 2002).

Th e areas of engineering such as mining, climate control, cement plants, con-
struction, manufacturing, and process industries have not been very successful 
in attracting female engineers. Aside from the tough and physically challeng-
ing conditions of work, the stereotypical thinking of the social milieu around 
them has tended to discouraged women from pursing these areas of engineer-
ing (Chitta et al 2005).

Fortunately, the area of aeronautical engineering  has recently been more suc-
cessful in attracting female engineers. Worldwide, large companies in the aero-
space industries have aggressively recruited female engineers to boost women’s 
interest in pursuing careers in engineering, science and technology. Compa-
nies such as Rolls-Royce, Airbus and Westland have accepted female recruits 
at both apprentice and graduate level, and employees in Rolls-Royce and BAE 
Systems volunteer as Science and Engineering Ambassadors in local primary 
and secondary schools to promote the aerospace industry. Th e reason why this 
area has succeeded in attracting women is the fact that the equipment used is so 
sophisticated that it dispels the need for brute strength to work on an aircraft, 
thus dispelling the stereotype that women need physical strength to succeed in 
this area. Women who found employment as aeronautical engineers have also 
reportedly been happy with their positive and encouraging work environment. 
Industry fi gures also show that women in the aeronautical engineering sector 
do not experience any Wage Gap compared with their male counterparts, with 
both male and female aeronautical engineering graduates earning 20% more 
than typical graduates (Pozniak 2005).

Challenges  for Women Attending Engineering Study Programmes

Women who choose to attend engineering study programmes face certain 
challenges and issues which their male counterparts usually do not have to 
deal with. Statistics from the U.K. Equal Opportunities Commission (EOC)  
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show that gender inequality  in education and work begins at the age of 16. 
Half of the Design and Technology students at General Certifi cate of Second-
ary Education are women, while only 1% of electro-technical or construction 
apprentices and 3% of engineering apprentices are women. In engineering and 
technology subjects, 87% of the Further Education and 86% of the Higher 
Education students are male (Equal Opportunities Commission 2006). 

Women who wish to attend engineering study programmes  are not usually 
discouraged by the material they have to study themselves. Studies have also 
shown that women are not actually discouraged from going into the sciences, 
but rather from staying in the sciences. Part of the diffi  culty is that there are 
very few female role models in engineering, and there is an implied doubt in the 
success of women in this fi eld that has been diffi  cult to shake off  despite some 
important advances. Th is doubt is reinforced almost daily by the groups sur-
rounding women who attend engineering study programmes (Meckel 2005).

Another challenge for women attending engineering study programmes is the 
lack of information on career choices . While there are excellent role models 
and career offi  cers who can help women make a decision to pursue a career in 
engineering, female engineering undergraduates are often told that they can 
always opt to teach, instead of actually pursuing an engineering career (Poz-
niak 2005).

Challenges Faced by Female Engineering Graduates in the Production 
World

Female engineering graduates  tend to experience slower career advancement 
in the production world due to personal barriers such as family responsibili-
ties  and family work  role incompatibility and confl icts. Some preconceived 
notions about female engineers are that they tend to have less time, energy 
and commitment to invest in their professional careers, and thus tend to be 
less scientifi cally productive than men. Th is perception, of course, is arguable, 
and may be rooted in gender stereotypes and roles that society expects women 
to prioritise or perform. Leaving the source of such a notion aside, the result 
is that women in engineering tend to advance more slowly up the ranks than 
men, and tend to hold lower ranks and be older at each rank compared to their 
male counterparts (Toren 2000).
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Apart from personal barriers  such as family commitment, female engineers 
also have to deal with the problem of weeding out. Th ey fi nd they have to work 
twice as hard as men, or be better qualifi ed than their male counterparts to 
prove their worth or to be selected for scientifi c posts. Women engineers may 
also face diffi  culties in entering rich networks of information exchange, or de-
partmental and research teams. In other words, a glass ceiling exists for women 
in the engineering fi eld. Women engineers are often older than men when they 
reach senior positions, and usually fi nd they are required to show more items 
of merit (Wynarczyk 2004).

Th e glass ceiling has often lead women to opt to drop out of careers in science 
and engineering. Th e choice is not based on fear of getting or keeping a job, 
earning a reasonable wage or of being discriminated against. Women engineers 
tend to drop out because the more they look at the world they are heading 
for, the less they want to get there since it often leaves very little balance be-
tween career and family. In the School of Engineering in the prestigious MIT 
University in the US for instance, only half of the female faculty members 
have children, while over three-quarters of the male faculty members do. A 
1995 survey by the same school showed that 67.4% of female faculty members 
reported extreme stress, while the fi gure for the male faculty members were 
only 31.1%, less than half the response rate for women, indicating that gender 
inequality  in family roles remains a huge limitation on women’s progress in 
engineering careers. Marriages and parenthood benefi t men but continue to 
disadvantage female engineers (Williams 2002).

Aside from personal and professional barriers, female engineers also fi nd that 
opportunities for employment in the engineering industry may be dependent 
on the country and region where they live. In certain countries, the number of 
women in the engineering fi eld unfortunately remains very low, especially in 
countries or regions with low level of innovation and research and development 
(Wynarczyk 2004).

Skills  Women Need to Develop in Order to Succeed

Women who want to pursue engineering study programmes need to be enor-
mously driven or mentored, since many programmes lack role models or sup-
port systems for female engineering undergraduates (Meckel 2005). Women 
should also develop an enthusiasm for maths, science and technology subjects, 
and should constantly inform themselves about career choices (Pozniak  2005). 
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Problem solving, analytical thinking, design and creativity are also important 
skills to develop. Most of all, women should begin regarding themselves as 
equal to their male counterparts in the area of engineering, and should not 
themselves fall prey to gender stereotypes that only men succeed in this fi eld.

Actually, women themselves often make the choice to exclude themselves from 
further advancement in the engineering fi eld. Since women must work twice 
as hard as their male counterparts to get ahead, and experience extreme stress 
and confl ict in their family lives, many women instead choose to have a life 
and spare themselves the anxiety and loneliness of competing in this male-
dominated  world (Williams 2002).

Th e diff erences in upward mobility  of men and women in engineering careers 
cannot simply be attributed to individual characteristics alone such as talent, 
human capital, motivation or productivity. Career patterns between men and 
women tend to diff er in duration rather than in shape. Th e concept of social 
expected duration (SED) provides that social time, as distinct from physical 
time, is culturally defi ned and socially constructed with social and psychologi-
cal consequences. Th e expectations for women’s SED are diff erent from that of 
men’s. Th e length of time that women are socially and institutionally permit-
ted to occupy particular statuses tend to vary from their male counterparts. 
In general, women are expected to advance less rapidly than men in occupa-
tional and organizational hierarchies. Th e assumed explanation behind such 
slow progress or delay is that women have greater family obligations. Women 
themselves often adopt work interruptions, and the need to start or care for the 
family is usually one of the reasons why women have a shorter SED than men 
(Toren 2000).

Female engineers thus fi nd themselves caught between proving they are equal 
to their male counterparts and balancing family obligations. Society still per-
ceives women as the child barers, as the ones carrying the “burden” of child 
care. Women are deemed more likely than men to be distracted from their 
engineering careers, or even taken away from them for considerable periods of 
time. Th is has proven to be detrimental to women’s success since engineering 
is a very fast-moving fi eld, and returning to the job after a maternity leave, 
for instance, leads to unfamiliarity with new technologies and state-of-the-art 
equipment due to the time spent away from work to care for the family (Mc-
Sherry 2005).
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Creating a balance, then, is to simply remove that glass ceiling or the extreme 
pressure that women need to perform double hard to prove themselves. So-
cietal expectations and gender stereotypes of women as caregivers are more 
diffi  cult to change, and would take considerable time. But starting off  by en-
couraging young women to pursue male-dominated  fi elds will have signifi cant 
impact on these young women in their career and the way society perceives 
them in general. Offi  ces should also try to instil family friendly policies and 
even day care centres, to help female engineers who have children balance their 
time without worrying about rushing home. Employers should also make sure 
to treat female and male engineers equally, in terms of promotion, wages, and 
the work assigned, to get rid of gender inequality  in the workplace. Th e lack 
of gender inequality will allow people to recognize that men, not just women, 
have family responsibilities, and that women are just as capable of being driven 
and in succeeding as men. With this equality in place, workplace practices and 
ethics would not be as disadvantageous for female engineers.

Making Engineering Study Programmes Appealing to Women Across 
Europe

Numerous endeavours have been taken across Europe to break gender ine-
quality  in male-dominated  areas such as engineering. In the United Kingdom 
(U.K), the Gender Equality Duty, which will be in force by April 2007, pro-
vides for requirements on all public bodies to promote gender equality (Equal 
Opportunities Commission 2006).

On a national scale, some strategies that would make engineering study pro-
grammes appealing to women would be to make changes in the academe and 
in family orientation. Parents should make eff orts to encourage girls’ interest 
in science and technology while the girls are still young, since a child’s opinion 
on a subject is formed at a very young age. Aside from interest, parents can 
also encourage creativity among young girls by providing them with blocks 
and Lego bricks, and family-oriented CD-ROMS such as Mattel’s Interactive 
Barbie game which allow girls to become more familiar with computers by 
building computer skills, and by encouraging their daughters to enter science 
fairs, clubs and camps (Kunkel 1998). 

Organizations should likewise encourage girls to become comfortable with 
technology and the use of it. More camps similar to WPIs Camp REACH (Re-
inventing Engineering and Creating new Horizons) , which is an all-girl camp 
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run by an all-female staff  from the Worcester Polytechnic Institute (WPI), 
provide support and encouragement for girls to use advanced technology. Girls 
in these camps are taught about forensic medicine, car mechanics, computers, 
and home heating systems. More importantly, girls in Camp REACH also get 
to meet and talk to women engineers, who contribute to building self-esteem 
and promoting the use of technology and problem solving (Kunkel 1998).

School systems should also promote the use of technology among girls in the 
classroom setting and ensure that both male and female students receive equal 
technological education. Projects dealing with technology for every day use, 
such as multimedia projects, computer-based graphing programmes, and on-
line research will help promote familiarity and confi dence in the use of tech-
nology. Inviting women engineers as speakers, or bringing an entire class to 
meet women engineers, will also allow students to see women engineers in 
action and will help in erasing stereotypes that may exist in the minds of the 
students (Kunkel 1998).

Th e University of Bradford in the U.K. has such a scheme to encourage girls 
to enrol in engineering study programmes. Girls make up only 12% of all 
university engineering students across the entire U.K. Th e university’s Balance 
Project, run by the School of Engineering, Design, and Technology (EDT), 
runs an annual two-day residential course called WISE, for girls in their 11th 
or 12th year of school, and has been singled out as a national model of best 
practice. Th e project looks at ways of encouraging more women to enter into 
engineering by providing hands-on design and build projects, visits to indus-
try, meetings with professional engineers, and talks on diff erent aspects of en-
gineering in the university. Th e overall aim of the project is to provide girls 
with a positive view on engineering and to hopefully encourage them to take 
up engineering study programmes (University of Bradford 2004; 2006).

Th ese strategies are useful in encouraging girls’ interest in technology, which 
would mean a better chance for more females entering the technological work-
force, especially engineering. Th e earlier a girl receives encouragement to take 
an interest in technology, the higher the chance that women will enter engi-
neering and other technological programmes.

In the work fi eld, some strategies may be used to bolster the image of women as 
capable of succeeding in the engineering fi eld. Being aware of these role models 
would encourage young women to enrol in engineering study programmes. 
Projects such as “Developing Female Engineers’, partly funded by the Euro-



Chapter 18 • Female Engineers in Europe • 363

pean Social Fund (ESF) provides a forum for exploring the issues regarding 
representation of women in engineering, with an emphasis on the importance 
of work experience (University of Salford, n.d.). Women who wish to pursue 
an engineering study programme should also be able to feel that working and 
raising a family can be combined. Th e engineering industry is perceived as be-
ing loaded with overtime work which takes time away from the family. Th is is 
a problem that should be addressed since younger women recently feel more 
encouraged to raise children while pursuing their careers (Echo 2004).

Th us, young women should be encouraged to pursue science and technology 
from a young age, by their parents and schools. Th ey should also be informed 
of female role models in the industry whom they can look up to and that 
concerns such as raising a family will be addressed by their respective work 
places.

Humanizing Engineers: the Female Touch

Profession and engineering educators  should communicate to the public the 
rich culture and practice of engineering, and its intersections with and diver-
gences from bench science, regardless of whether the engineer is male or fe-
male. Demonstrations in schools showing the cultural, economic, and political 
dimensions related to engineering tasks, calculations, and scientifi c knowledge 
should focus on engineering itself, not the gender which dominates or does 
not dominate the fi eld. Rather than perceiving women as the more socially-
inclined worker, educators should emphasize that both men and women will 
benefi t from the “object world” and “social world” of engineering. Th rough 
this, the message that women naturally belong in engineering practice will be 
communicated clearly to the public (Adelman 2005).

It should also be emphasized that taking up engineering study programmes 
is a test not of gender, but of strength, determination and will. Engineering 
students are regarded as a diff erent breed of people altogether, requiring certain 
skills and capabilities, regardless of gender diff erences (Taddei 2005).

Th ese recruitment campaigns for engineering study programmes should avoid 
gender stereotypes and should elicit enthusiasm in the material itself, be it 
maths, science or technology. Th is is the kind of enthusiasm that future engi-
neers, whether male or female, can share. Engineering should be promoted as 
a discipline which is open to diff erent types of individuals with both social and 
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technical skills, regardless of gender. After all, studies have shown that there 
are no apparent diff erences in the social skills of men and women engineers 
(Engineering Council UK 2005).

To humanize engineers , apart from promoting good practice in education, 
there is also a need to nurture more inclusive workplace cultures. Men and 
women alike will benefi t from hands-on engineering training, especially dur-
ing their formative years, with appropriate support and intervention necessary 
for their retention (Engineering Council UK 2005).

It is necessary to implement such changes as the number of women engineers 
slowly but surely increase. According to an IDC study commissioned by net-
working giant Cisco, almost 94,000 women in Western Europe will be work-
ing as Internet networking engineers by 2004 (Aurora 2001). Slowly but surely, 
doors to various fi elds of engineering are opening up to women. 

Conclusion

Gender inequality exists in the fi eld of engineering due to diff erent biased 
attitudes that have traditionally been placed by society. Gender stereotypes 
provides for delineation on what characteristics are attributable to men and 
women, with the former having a perceived tendency to be predominant in 
engineering and other technological fi elds. Th is bias against women in engi-
neering can be seen through the Wage Gap, and by the glass ceiling which 
women have to deal with. Female engineers have to work twice as hard as their 
male counterparts, and also tend to bow to family obligations more than male 
engineers. Women are also expected by society to have a slower advancement 
rate in the engineering culture than men, since women are expected to focus 
on family responsibilities and domestic duties. It is a societal expectation that 
even women themselves accept, which is why women tend to opt out of their 
respective careers more often than men (Toren 2000).

Parents, organizations, and schools play important roles in helping young girls 
develop an interest in technology which may later contribute to more women 
enrolling in engineering study programmes. Providing girls with materials that 
encourage such an interest, creating all-girl technology programmes, providing 
equal technological education in schools for male and female students (Kunkel 
1998) and university programmes to encourage female enrolees to enter engi-
neering study programmes all contribute to helping women become comfort-
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able and confi dent with this fi eld of study. Equality in workplace opportunities 
and a support system, with regard to projects, wages, and promotions, will help 
to dispel the pressure of reaching the glass ceiling for female engineers.

Th e emphasis on encouraging women in engineering is not merely to dispel 
gender inequality from this fi eld. Diversity is also an important aspect that 
will aid the discipline of engineering itself in developing for the future. Trends, 
needs and developments will constantly change over time, and the need for 
creativity will be hampered if solutions come from one gender or one way of 
thinking alone. 
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Chapter 19

Current Problems in Engineering 

Historically Rooted  in the Search for Status as a Profession

Javier Cañavate Avila & Manuel José Lis Arias

Abstract: Th e public vision of engineers is disconnected from humanism. Th ey are 
considered as people who are immersed in technology, unskilful in human relations 
and lacking a humanities background. Th e continuous decrease in the status of engi-
neers and in the number of posts of social responsibility that they take up is related to 
the perception of their lack of understanding of community requirements. Historically, 
engineers have not always been mere technicians. Th e technical and scientifi c side of 
their labour has been emphasized. Th e complex process that led to a “scientifi cation ” 
of engineering programmes includes philosophical, political, educational, economic 
and other factors that have aff ected the academic curricula and the role of engineers as 
professionals. Society in general resents this approach, being served by specialists that 
are not fully able to achieve the function that is demanded of them. Th e public image 
of modern engineers, the path that led to that technologically-focused training, the 
reasons and factors that are related to it and how they have contributed to the loss of 
public appraisal, are discussed in this article. Th ere is also a review of the limitations 
of this conception in view of the modern challenges of society. Some proposals for 
change are presented as a perspective of possible future roles to be taken on. 

Introduction

Th ere are many popular personalities that have a background in engineer-
ing. Th ey can be found in many facets of human activity including art and 
humanities (Famous engineers 2006). In some cases, they have become well 
known by developing roles that are loosely related to their former education, 
as in the case of politicians, e.g. Jimmy Carter or Leonid Brezhnev, company 
executives, such as Roberto C. Goizueta (former chairman of Coca-Cola), or 
space explorers like Neil Armstrong. In some other cases, their achievements 
are not related at all to their training, for instance: Scott Adams (cartoonist 
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and creator of “Dilbert”), Rowan Atkinson (“Mr. Bean”, British comedian), 
Frank Capra (fi lm director), Alfred Hitchcock (fi lm director), Herbie Hancock 
(jazz musician), Tom Scholtz (leader of the rock band Boston) etc. Usually, 
after checking a list of these famous engineers, it seems surprising that people 
related to art or creative professions might hold an engineering degree or may 
even have been related to engineering studies. Th is perception is strongly re-
lated to the public image of engineers.

Th e public vision and status of the engineer in the last decades of the 20th cen-
tury is largely disconnected from humanism. Th ey are considered to be people 
who are immersed in science and technology but awkward at human relation-
ships and lacking a humanities background. Th e continuous decrease in the 
status of engineers  and in the number of posts of social responsibility they hold 
is related to the public perception of their lack of understanding of community 
requirements. On the other hand, some precursors of modern engineers were 
deeply related to arts and society. Da Vinci and other ingenious artists of the 
Renaissance were able to handle technology and humanities with amazing re-
sults. A process of emphasizing only the technical skills of engineers has taken 
place and the outcome has led to the present-day image of the engineering 
profession which is not attractive in many western countries.

Th e public image of modern engineers, the way that led to that technologi-
cally-focused training, the reasons and factors related to it and the way that 
this conception has entailed the loss of their public appraisal will be discussed 
in this article. We will also review the limitations of this approach in view of 
the modern challenges of society. Th is phenomenon has been observed before; 
some trends, like the decrease in the number of engineering students in most 
European countries, the USA and Australia, are clearly indicative enough of 
the need for a change. Some proposals for transforming and restructuring the 
engineering profession have been made and will also be presented here as a 
perspective of possible future roles to be adopted. 

Th e Image of the Engineer

Th e engineer’s image  is a controversial issue. Literature shows diff erent views 
that depend on a number of parameters. From the wide range of considerations 
that could be related to this topic, some are clearly distinguishable, such as:
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• Th e historical situation: the engineer’s image and role have evolved from 
early days. Focusing on the last century, a change in the perception has 
taken place in the last decades that extends to nowadays. 

• Geographical distinctions: the economic situation and activities devel-
oped in an area aff ect the way an engineer is considered by society. 

• Adaptation to trends, skills and needs demanded by the new develop-
ments of society.

All these points are obviously related; in some cases, the historical revision can 
be associated with the economic development of a determinate geographical 
area and with the social changes that a community requires. Especially the last 
one could be considered as a “big box” that includes the previous ones. Never-
theless they can be used here as a guide to a revision of the analysis, performed 
by diff erent authors, of the fi gure of the engineer. 

Regarding the historical approach, Wilhelm Bomke (2003) reviews the devel-
opment of the profession, while also taking national infl uences into account. 
In France, the initial stage of the profession (excluding the pre-existing origins) 
was strongly linked to the army. Th e structure settled during the 18th century 
had a schooling system and a role in society through the “Corps des Ponts et 
Chaussées”. At that time the prestige of the members of these organisations 
was very high. Th e 19th century led to a less military conception that emerged 
after the foundation of the Ecole Centrale des Arts et Manufactures, to be owned 
later on by the state. Th is situation, where engineers were seen as important, 
well-considered professionals, lasted until the second half of the 20th century. 
Only after the 60s did the image of engineers, despite their own eff orts, start 
to decrease in infl uence and prestige. Th is fact is related to the strong increase 
in the number of engineers that took place over these years. 

In Germany, the word was related to the military and the mining areas dur-
ing the 18th century. As in France, the fi rst schools were developed in the 19th 
century. Th e importance of the profession was commonly accepted in Ger-
many with an increasing consideration from the end of the 19th century. Th e 
social esteem, respectability and prestige of engineers were very high since they 
provided an important contribution to the economy and the welfare through 
their industrial work. Parallel to the situation in France, there has been a loss 
of infl uence of engineers in society, one of the reasons being the competence of 
business graduates in the management of companies. 
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Th e history and consideration of engineering in Spain (ETSI 2006) are not 
very diff erent from the above. In parallel with the creation of the fi rst engineer-
ing schools in France, some organizations were created that were intended to 
answer the needs of the incipient industry of the country. Th e inferior develop-
ment of techniques in Spain, compared to other European countries, made the 
attempts to consolidate professional studies less fruitful. An important goal 
was to provide students with grants in order to enable them to pursue studies 
in foreign countries. As a result of this policy, some of the students awarded 
with degrees became later on professors of the engineering schools. From the 
19th century to nowadays, the history of engineering in Spain has been less sta-
ble than in some other countries, due to its economic characteristics. However, 
the image of engineers as important fi gures in society has always been present. 
Th is prestige is still quite high; only lately a decline in the position of engineers 
can be observed, because of the competence of other emerging professions, 
including business graduates. 

In contrast to these more or less homogeneous developments, the profession of 
engineers in Great Britain (except Scotland) has never been as prestigious as in 
other European countries. Historically, they have been more related to work-
ing people, not necessarily academically educated. In the fi eld of education, the 
lack of students in the last decades has generated a massive acceptance of for-
eign students motivated by the profession and the possibility of studying in an 
interesting international language. In opposition to the continental tendency 
to question the position of engineers, there is perhaps a growing public accept-
ance of their status, although their role in society is still perceived as low. 

In conclusion, Bomke considers that in most countries in Europe, the prestige 
of engineers is declining: even when in many cases it is still very high, they are 
losing their infl uence to the benefi t of other groups such as professionals within 
business or law. 

Other English-speaking countries like Australia have a low perception of the 
status of engineers. Seethamraju and Agrawal (1999) summarize the situation by 
saying that, while in the USA, Germany, France and Japan, the status of engi-
neers is perceived to be high, in Australia and the UK it is viewed as very low. 

Th e change in perception can be extended to the denomination of engineers 
itself, which seems to be more related to “engine” as a synonym of heavy, non-
academic work in some countries (e.g. the UK and Australia) than to “ingenu-
ity”, meaning design, projecting, innovating (e.g. France and Spain).



Chapter 19 • Current Problems in Engineering Historically Rooted  in the Search for Status as a Profession • 373

Th e changes that take place in the economy strongly infl uence the position of 
a profession related basically to industry. Th e decline of segments of produc-
tion in Europe and their relocation in other countries have also had an impact 
on the way engineers are perceived and on their role. Sterling (2002) has ana-
lysed the situation in the UK and compares it with the emerging Asia-Pacifi c 
region. As he points out, the number of applicants to study engineering and 
technology in the UK has declined steadily for the last 10 years. Th e output of 
graduates has also decreased since 1995. An interesting piece of data is that this 
trend is not in tune with salaries, which still compare favourably with those for 
graduates in other disciplines, but it is a complex conjunction of interactions 
that also include the public representation of the profession. 

Instead, Far Eastern countries seem to have a buoyant number of students in 
engineering courses. China has dramatically increased the number of students 
in higher education and the distribution by subject area shows that engineering 
is not declining at all, but rather increasing. On the other hand, the number 
of Chinese students going to the UK to study engineering has risen. Th is fact 
is considered a threat to the UK, as a global leader in the knowledge economy, 
and to the results of this economy, in terms of high-technology exports.

In the United States, the situation is the same. Max Nikias (2005), Dean of the 
Viterbi School of Engineering (University of Southern California) expresses it 
as follows: “Th ere has been growing concern recently about the erosion of the long-
standing U.S. edge in science and engineering. In 1985, U.S. schools graduated 
more than 76,000 engineers, but that number had declined 20 percent by 2004 
when less than 60,000 engineers graduated. Meanwhile, China, Japan, India, 
Russia and Europe now graduate substantially more engineers than we do. China 
and India together produce almost 320,000 engineers annually. Many of those 
engineers attend U.S. engineering graduate schools because this is where the big 
research programs are and in particular, it is where the new technologies that drive 
economies are being created.”

It seems clear that there have been important changes in the appreciation of 
the engineer. In Western countries, the tendency seems to be a loss of infl u-
ence, public esteem, and a decrease in students’ interest. Th is phenomenon, 
combined with a decrease in the presence of engineers in important positions 
of society, has been referred to as “de-engineering” . Th e tendency in emergent 
economies of the Asia-Pacifi c area is the opposite. Looking into the historical 
considerations and the economic situation of the countries involved, engineer-
ing as a profession has diff erent signifi cance and views because of the diff erent 
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socio-economic contexts in which it is working. While its status is high or 
perhaps growing in some countries, it is decreasing in others.

Nevertheless, the image rooted in public perception has more to do with popu-
lar knowledge than with the economic and historical approaches discussed 
above. When an engineer is depicted in the media or entertainment products, 
the stereotype usually shows a person quite focused on his/her work and usu-
ally not very gifted in social or communication skills. Th e engineer has been 
considered a technocrat , perhaps highly talented yet isolated, immersed in sci-
ence and technology but empty, unskilful at human relations, with diffi  culties 
in communication and in connecting with other people’s concerns, feelings 
and sensibility.

As in many cases, the stereotype is based on some parts of generalities and 
truth that are not very sound. Th e famous Morton Th iokol case, when an 
engineer was told to take off  his engineering hat and wear the management 
hat, led to the interpretation that the engineer has only a narrow view of the 
problem. Th at is curious, when considering that it was an individual, a human 
being, who should be responsible for an action, independently of the “hat” the 
person was wearing. Th e “management hat” should provide him with a bigger 
perspective and ability to understand the context of the dilemma  (Herkert 
2000: 46).

Literature looks at this issue in diff erent ways. Th ere is a concern (as in the 
previous references of Sterling and Eriksson, to some extent) about changing 
the public image of engineering by communicating the exciting possibilities 
of the career properly. Th is approach basically involves explaining the suppos-
edly unknown ways in which an engineer works. Th is means that engineering 
is an interesting fi eld and that the public perception of the real engineering 
world is biased. Other authors try to identify the real characteristics that are 
responsible for the negative perception of engineering in order to change them 
and engender a renewed engineer. Obviously the overlapping of the two ideas 
is also common.

Th e Australian author Sharon Beder (1999) has put a lot of emphasis on the 
neglect of the social and environmental dimensions of engineers’ work. She 
basically blames a lack of social skills, including understanding and human 
interaction, for the decline of the image and status of engineers. Seethamraju 
and Agrawal (1999) support this idea and even suggest that the defi ciency in 
soft skills is higher in Australia than in other countries. A fi gure associated 
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with this representation is the “nerd” stereotype depicted by Braham, Strauss 
and others (Beder 1999). In her article “Th e Fallible Engineer” (1991), Beder 
also describes the inability of engineers to communicate to the public “the 
extent of their ignorance” and presents them as mere executors, almost unable 
to practise their own profession. Th is extremely low concept of the engineer 
is documented by a compilation of diverse negative opinions that even relate 
engineers to autism.

Th at unkind “nerd” image has its counterpoint in the classical approach to the 
image of engineers developed by Florman (1987). In his book “Th e Civilized 
Engineer” written in the mid 80s he emphasizes the importance of technology. 
Th is period was a moment where the “public’s attitude toward engineering was 
palpably upbeat” (p. X) and he claims that “to be human is to be technological” 
(p. 20). He conceives engineers in an idealistic way and extols the engineer-
ing experience as related to beauty and even to art (p. 20) He also advocates 
the need to improve communication skills and knowledge of the humanities. 
According to Florman “the tradition of humanism in engineers exists, only it has 
been decreasing because of circumstances”. Among these circumstances, he cites 
limits of time and energy and the ever-increasing technical scope of the engi-
neering work. He praises engineering students (p. 225): “Engineers are intelli-
gent, more intelligent than the average college student, as measured by SAT scores, 
verbal as well mathematical. Th ey are, by and large, hard-working, productive 
and well-meaning, the very salt of the earth.”
 
Ferguson, a historian of technology (1979), has a critical tone when propos-
ing what he calls the “imperatives of engineering ”: an engineer (1) strives for 
effi  ciency, (2) designs labour-saving systems, (3) designs control in the system 
(limiting the user’s choices), (4) favours the very large, the very powerful, or 
(in electronics) the very small, irrespective of human scale, and (5) treats engi-
neering as an end in itself rather than as a means to satisfying human needs. 
Th ese “imperatives” are, according to Ferguson, brought by engineers to their 
labour. Ferguson intended this list to be a deeply-rooted criticism of some of 
the characteristics of engineering fundamentals. Th e image made up of these 
imperatives would point to the stereotype of the narrow-minded person.

Beder (1999) off ers an explanation for the diff erent views of previous authors 
such as Florman, by considering that they had a nostalgic vision of the past 
when engineers were cultured and infl uential, and she considers the immersion 
in the technological aspects of the work as an obsolete conception of engineer-
ing.
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A common trait of these images is the discussion of the engineer’s focus on 
technology. To diff erent degrees, all of them consider the need for a social 
dimension. Nevertheless, engineers seem reluctant to get involved in ethics or 
social commitments. Th ey tend towards technical solutions and neglect other 
criteria (Herkert 2000: 198)

Many engineers, though proud of their profession, are unhappy with their 
public image. Some of them, even when they feel identifi ed with some parts of 
the image; refuse to be considered so “square-minded”. Th ey consider that they 
have their own culture, which is comparable to that of any other professional 
or humanist. Th is group claims that their knowledge is as important as that 
of philosophy or arts, and they see the world in a way that is unreachable for 
people who do not have their background. Th is statement could probably be 
applied to other professional groups as well. Others also feel unhappy because 
their fi elds of interest go beyond engineering and they believe themselves to be 
beyond the concept of a mere technician or a problem solver. 

Modern societies have changed throughout the 20th century. Th eir require-
ments of engineers have included new skills that need to be developed in order 
for them to be infl uential actors in the near future. Th ese requirements should 
be refl ected in curricula and programmes; the concept of lifelong learning 
should also be used as a tool to give a “rounder” image of the engineer of the 
future.

Th e “Scientifi cation” of Engineering 

Th e previous discussion raises new questions. If today’s engineers are charac-
terised by a too exclusively technical focus, how have they ended up in this 
situation? Is this inherent to their profession? Has it always been that way? 
Th e factors that lead to the answers to these questions are complex. We will 
examine some of those that seem relevant in order to build a representation of 
the problem.

First of all, we should consider that, according to the historical development 
of engineering, engineers have had a tradition of humanism. Th is means that 
on the way to its development as a profession, some of the discourses have been 
lost. Th e term discourse  is used here in the sense of Michel Foucault (1970) 
referring to the ways social institutions take care of the practices gathered on 
their behalf. In this sense, engineering as an institution, consisting of what 



Chapter 19 • Current Problems in Engineering Historically Rooted  in the Search for Status as a Profession • 377

engineers actually do, may be analysed as a discursive complex. Johnston et al. 
(1996) have analysed engineering discourses and present a list that includes: 
engineering science, management, business, design, sociology, politics and de-
velopment, philosophy and ethics, and environmental studies. Th ey note: “Th e 
argument here is not that one discourse should supplant another, for example, that 
engineering science should be replaced by business in defi ning what is appropriate 
or necessary for engineering activity. Engineering is a large-scale, highly-disciplined 
activity, which needs to be directed into well-defi ned channels.”

Engineering science, then, is only one of these discourses. It provides essential 
values, but the engineering profession cannot be defi ned only on the basis of 
this term. Nevertheless, the rest of the discourses are, to some extent, virtually 
excluded.

Other considerations could be related to the notion of social responsibility  de-
veloped by Milton Friedman for business (1983). He considered that managers 
owe a fi duciary duty to shareholders, not to society or putative stakeholders. As 
non-elected offi  cials, their social responsibility is not mandatory. Without en-
tering more in-depth into a discussion of Friedman, we can observe that engi-
neers are trained to adapt to work in companies (practice periods are common 
in most curricula for example) and develop a sense of loyalty (Goldman 1991) 
increased in most cases by the industrial secrecy. Florman adds (1987: 110): 
“We assumed that an engineer was loyal to superiors, colleagues, and clients and 
that service to the community came out naturally as the result of a job well done.”

Th e sense of serving the company is infl uenced by the diff erent sense of profes-
sional authority that characterises engineering compared to traditional profes-
sions. According to Greenwood’s framework (1991), one of the fi ve “attributes 
of a profession” is “professional authority”. Th is implies that the attitude of the 
client towards the professional is based on trust and submission. In the case 
of engineering, as noted by Meganck (2003):“Th e professional authority of en-
gineers is a less clearly distinguishable question. Most engineers work as employees 
for industries, government or other organizations. Any authority they would have 
based on their skills and knowledge is thwarted by the (often hierarchical) decision-
making structures in their organization (…).”

He also points out that engineers often have to negotiate with other engineers 
or other competent representatives. Th ese diff erences in relationships promote 
a closer situation to the “client” than to the society in general, fostering the 
circumscriptive technical view of the profession. 
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Greenwood proposes as the fi rst attribute of a profession the existence of “a 
systematic body of theory”. Th e insistence upon scientifi c subjects present in en-
gineers’ curricula could also be related to the yearning of engineers to be as-
similated into the “old” professions. A similar approach, from the point of view 
of occupational culture has been reviewed by Christensen and Ernø-Kjølhede 
(2005) who point out to the engineer’s interest in achieving prestige through 
his/her relationship to work, based on technical knowledge, to the display 
of his/her fascination with tools, machinery and gadgets and obsession with 
technology. Th e characteristics of the engineer’s occupational culture are also 
related to the neglect of non-technological issues and act as a barrier for the 
“Bildung” of engineers.

Beder (1999) makes a review of the main reasons for the technical focus of 
engineering. She proposes that engineers see the reinforcement in technical-
scientifi c areas as a means of:

• gaining status in the face of other professions through the emphasis on 
science. 

• establishing a diff erentiation from technicians, mechanics or crafts-
men.

• enhancing status among engineering educators.
• providing prestige to an elite of selected students.
• sharing the respectability achieved by scientists.

Th e views refl ected above do not ignore the importance of the science training. 
Johnston et al. (1996) consider that: “Engineering science provides an essential 
rigor for the production of reliable outcomes in physical terms”

And indeed Beder agrees that: “Science and mathematics training is, of course, 
essential to an engineering career these days.”

As an example of a scientifi c subject, mathematical training plays an important 
part in engineering degrees and has been defended by many authors such as 
Hopkinson and Forrest (1894) or Drake (2001), who remark: “… there are op-
portunities within undergraduate programmes to enhance and develop mathemati-
cal competence. Furthermore, these opportunities should be systematically exploited 
so that emergent graduates complement the warp of their specialist degree with a 
weft of reliable core skills in mathematics, computers and communications …”
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Th e discussion is then related to the amount of the science-technique bino-
mial compared to other subjects that would be desirable for training engineers. 
Th is is not a new problem. In the USA, in 1955, the Engineering Council 
for Professional Development (ECPD), the predecessor of the Accreditation 
Board for Engineering and Technology (ABET), required a 12.5 % of liberal 
arts, i.e. half a year out of four, in engineering studies (Florman 1987: 200). 
Th e requirement was greeted with protests and did not become necessary for 
accreditation until 1971. Nowadays, most curricula include a number of cred-
its devoted to elective subjects outside the engineering core (Frontiers 2006), 
recognize the importance of communication skills and include some consid-
erations on ethics (they are also included in ABET engineering criteria 2000). 
On the other hand, some of these courses have been diff use, considered as 
unimportant (Florman 1987: 200; Beder 1999), or urged to be more directed 
towards “utility” rather than “humanities”. 

Some of the common arguments given against the reduction of the technical 
scientifi c core versus other subjects are:

• Engineering educators do more to expose their students to the liberal 
arts than humanities people do to expose their students to technology 
(Florman 1987: 201). Th ese anachronistic notions are residues of the 
ideals of 19th century institutions, according to McGinn (1991: 260). 

• Engineering educators are not themselves interested (Florman 1987: 
203).

• Th ere are pressures to increase scientifi c levels which are perceived as 
declining, (Learning and teaching … 2001) and there is a limitation of 
the programme length. Th e pressure is becoming harder because of the 
tendency towards shorter engineering programmes. 

• Th e increasing scientifi c sophistication of the technologies in use. Th is 
point is related to the symbiotic relationship between science and tech-
nology developed especially in the last century (McGinn 1991). 

• Th e increasing involvement of engineers in research. Even when tech-
nological activity in the 20th century was much more dependent on sci-
ence than ever before, engineers played an important research role as a 
consequence of the application of systematic, but non-theoretical bases 
that had been used extensively (McGinn 1991). 

Th e excessive “scientifi cation” of engineering, i.e. turning it into a science, has 
immediate consequences. One of them is the reduction in the number of stu-
dents. It acts in two ways: by promoting the negative image of engineering 
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and by making the study programmes less accessible to students with lower 
scientifi c levels (despite other skills). Ironically, the decrease in the number of 
students produces a fall in the grades necessary to enter engineering schools, 
which tends to lower the requirements of graduates.

Th ere are also indirect consequences that arise from the overly scientifi c ap-
proach related to this conception of engineering – they will be discussed in the 
next section.

Th e Limitations of the Engineering View

Th e engineering perspective  and its image, as described above, are related to 
historical, economic and social parameters. Regardless of an ideological bias, it 
seems characterised, to some extent, by a strong focus on technical solutions to 
problems. Th is approach leads to a determinate role and public conception of 
the engineer that aff ect many factors and spread through the whole society.

Th e educational fi eld is clearly aff ected: a practical direct consequence, as men-
tioned above, is the infl uence on the number of applicants to engineering pro-
grammes. Th ere are also implications for the perception of students in relation 
to their role as professionals and to their careers. Some students have found 
limitations in the educational programmes they have experienced. (Taylor and 
Johnston 1991; McIver Consulting 2003: 93). 

Th ese limitations are observed by Beder (1999), who believes that the excessive 
“scientifi cation” of engineering education causes the neglect of social, political 
and environmental issues which shape real engineering practice. She also con-
siders that this educational approach aff ects the end products of engineering 
work, by promoting the search for a unique technical solution to solve a complex 
problem that involves multiple factors.

A proposed solution has been the inclusion of specifi c subjects in the curricula. 
McGinn (1991: 263) states the importance of introducing courses which in-
clude science-technology and society, because there is a need of literacy dealing 
with the knowledge on the ways that science and technology function, aff ect, 
and are aff ected by, society.

Christensen and Ernø-Kjølhede (2006) also propose, as a parallel to courses 
in the “philosophy of science and ethics” at universities, a new meta-disciplinary 
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course in “the historical, philosophical and ethical foundation of engineering” for 
students at engineering colleges. 

Th e decision-making process  linked to controversial technological innovations 
is also aff ected by a constrained view of engineering. Usually these innovations 
are discussed, analysing direct, concrete and quantifi able benefi ts in the short 
or intermediate term against costs that are indirect, intangible, non-quantifi -
able and that act in the long run. Th ese long-term eff ects weigh heavily against 
the approval or support of such innovations.

A wider perspective, beyond educational issues, includes the link between en-
gineering and society as a way to found the bases of engineering ethics and ex-
pand its activity. Johnston et al. (1996) point out that engineering science can 
work perfectly to defi ne engineering activity when the aim of the operation is 
only production, but fails when questioning the issue of the distribution of the 
benefi ts of engineering and other broader questions that are sometimes seen as 
outside the terrain of engineering. Leaving out such important terms means 
that engineers do not take the responsibility for them, do not feel concerned 
about them and do not see themselves as having a role in setting the condi-
tions to put them into practice. Th is means a constrained activity that should 
expand considerably.

Engineering activity should not be separated from its context or framed by 
business, commerce or political interests (Goldman 1991). Th e tendency to 
consider these as apart from the engineering activity, implicit in expressing 
the search for competitiveness or eff ectiveness for the client (Samson 1989: 9), 
leaves engineering deprived of an adequate interpretation of the social needs on 
which to base the ethics of the profession.

Johnston et al. say (1996): “Th e subordination by engineering science of all other 
discourses means that engineering has defi ned its practice as lying outside the con-
text in which it occurs. Paradoxically, this is precisely what renders engineering 
captive to other discourses and practices. Engineers may not even be conscious of 
what is actually occurring within the context in which they are doing their work, 
because the dominant discourse does not name it. If they cannot discuss their work 
in context, then they cannot develop an ethical approach to it.”

Th is implies that even when engineers as individuals may be committed per-
sonally to socially responsible and ethical behaviour, they leave these commit-
ments aside when acting as professionals.
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Th e conception of ethics in engineering has been criticized by Winner (Herk-
ert 2000: 145). He suggests that it is too limited for “making wise choices” and 
that it should include the “willingness to engage others in the diffi  cult work of 
defi ning the crucial choices that confront technological society and how to con-
front them intelligently”. Th e primary focus of engineering ethics has been on 
the personal (as an individual actor confronted with a technical decision) and 
professional roles (ethical relationships with other engineers, public or clients). 
Public policy and public role (such as the involvement of engineers in broad 
technological policy) are not taken into account seriously. 

Th is situation leads to a number of problems from a societal viewpoint. Th ere 
is a need for policies that are ethical and for ethics that are sensitive to social 
issues. As Herkert notes (2000: 146): “Th e limitation of engineering ethics on 
the individual and professional roles can leave the engineer (and the engineering 
student) with a disjointed sense of his or her role in addressing important issues of 
ethics and public policy: the result can be public policy positions by engineers and 
professional engineering societies that are lacking in ethical foundations.”

Th e issue of engineering as a social activity, confronted with engineering re-
lated to duty to the client proposed by Friedman, is discussed by Cohen and 
Grace (1994). Th ey present a social rationale of the profession of engineering. 
Th ey propose the assumption of “promotion of the public good”. Th is is a very 
diff erent requirement from minimizing risks or care about public safety. Th e 
last statements are just a small portion, a restriction of engineering duty, which 
goes far beyond applying expertise to problems or merely performing the tasks 
which are set for it.

Th is conception of engineering would allow the engineering profession  to work 
according to a determined public interest (or someone else’s interest) to some 
extent, but the ambit of the engineering performance would have a limit set by 
the social responsibility of positively promoting benefi ts and the desirability of 
the activity. Th is position would also assimilate the autonomy of the profession 
to the higher level of the old professions.

Th e description of engineering as a disengaged social activity, based solely on 
scientifi c-technical knowledge, entails deep consequences in the role of engi-
neers and their service to the community. At the same time, it acts negatively 
in the perception of the profession by the public and students. Society evolves 
rapidly and is increasingly demanding new skills to supplement current techni-
cal knowledge. Th e trends towards the future evolution of the conception of 
the engineer are examined in the next section.
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Th e Future of the Engineer 

Society and technology change very fast. Th e need for an adequate profi le and 
image of the engineer turned to the future is commonly agreed on, independ-
ently of ideologies. Western countries are aware of the importance of engineer-
ing in economic productivity, in the improvement of the quality of life and 
welfare and, in general, in the long-term development of society. Th e future 
will require an important number of engineers (McIver Consulting 2003) and 
the decrease in interest in the profession, refl ected in the declining number of 
students, has motivated prospective research in order to anticipate, and adapt 
to, potential changes in engineering practice.

In 2004, the National Academy of Engineering (NAE) of the USA published 
“Th e Engineer of 2020: Visions of Engineering in the New Century”, a book 
where engineering is seen as a profession with many opportunities in the next 
decades and is called upon to take on leadership roles in industry, government, 
academia, business and in non-profi t and governmental sectors, not just in 
technical jobs. Th ey expect a great expansion of knowledge that will develop 
new technologies to address the problems faced by society. Recent and emer-
gent advances, like those in biotechnology, nanotechnology, information and 
communications technology, materials science, and photonics are thus con-
sidered, so as to provide a possible foresight of the changes that engineers will 
have to cope with. 

Th e societal, global, and professional contexts of engineering practice  will also 
be altered. Th e considerations of population, health, age distribution accord-
ing to geographical areas (aged population vs. young one) or the acceleration 
of the global economy will imply changes in the scenario where engineers will 
apply their profession. Th e professional context will lead to new ways of doing 
engineering: an increasing tendency to work in teams and to product cus-
tomisation. Th e professional approach will need to consider the complexity of 
a determinate system. As a key concept, engineers are required to incorporate 
social elements into a comprehensive systems analysis of their work. Th e legal, 
commercial, political, etc., landscapes and constraints should be considered 
when deciding on the way the issue is addressed, trying to achieve synergy be-
tween technical and social systems. Th is will need engineers able to be involved 
in political and community arenas.

Another important issue concerns the educational needs of the 2020 engineer. 
Th e considerations above lead to the presumption of additions to the curricu-
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lum already composed of tightly-packed lengthy programmes. Simply adding 
new elements to the curriculum is not an option. Th e proposals made by the 
NAE are: “(a) cutting out some of the current requirements, (b) restructuring cur-
rent courses to teach them much more effi  ciently, or (c) increasing the time spent in 
school to become an engineering professional. All three may need to be done to some 
extent, but it is worth noting that all professions except engineering – business, law, 
medicine – presume that the bachelor’s degree is not the fi rst professional degree. 
Th ey presume the fi rst professional degree is preceded by a non-specialist liberal 
arts degree, so it is also not clear that just adding two years or so to a traditional 
engineering B.S. degree will raise engineers to the professional status of managers, 
lawyers, and doctors. Nonetheless, while it cannot be mandated instantly and could 
require radical restructuring of the present approach to engineering education, by 
2020 engineering could well follow the course of the other professions.”

Th e vision of the 2020 engineer is presented in the following description of the 
Committee’s aspirations:

• improving public appreciation of the impact of the engineering profes-
sion on socio-cultural systems, competence in addressing the world’s 
complex and changing challenges (to be achieved by professionalism, 
technical knowledge, social and historical awareness, and traditions);

• engineers grounded in the basics of mathematics and science, who de-
velop thanks to a solid background in humanities, social sciences, and 
economics, with emphasis on the creative process;

• an engineering profession that embraces the potentialities off ered by 
creativity, invention, and cross-disciplinary fertilization, with openness 
to other disciplines such as science, social science, and business; 

• engineers who assume leadership positions and act positively in the 
making of public policy, in administration and industry;

• an engineering profession that will eff ectively recruit, nurture, and wel-
come under-represented groups to its ranks; 

• engineers as leaders in the movement towards the use of wise, informed, 
and economically sustainable development; 

• engineers adaptable to changes in global forces and trends, and able to 
ethically assist the world by balancing the standards of living for devel-
oping and developed countries alike.

Many of the features described are, arguably, in tune with the broader engi-
neering view exposed above. Nevertheless, the problem of the incorporation 
in the curricula of the desirable skills persists. In a later book, the National 
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Academy of Engineering (2005) analyses the context and possibilities of re-en-
gineering the engineering education system. Its authors give a series of recom-
mendations that include a practical application to the US educational system. 
A signifi cant characteristic is again the consideration of the Bachelor’s degree 
as a “pre-engineering ” degree or a Bachelor of Arts in Engineering degree, and 
the existence of the Master’s degree as a professional degree. 

Galip (2005) proposes a series of changes in the curricula that include a topic-
based approach (as opposed to the current department-based approach), a ho-
listic conception , a strong link with industry, a global scope and an integration 
of research into education. As characteristics of the new engineer, he highlights 
the agility to learn, a strong grounding in fundamentals, design and manufac-
turing, and skills in communication and teamwork, as well as strategic, eco-
nomic, social, artistic, environmental and global perspectives. He also refers to 
the concept of the Renaissance engineer as: “Th e Renaissance engineer for the 
21st century must ideally be a holistic designer, an astute maker, a trusted innova-
tor, a harm avoider, a change agent, a master integrator, an enterprise enabler, a 
knowledge handler and a technology steward.”

An important event urging engineering departments to explicitly develop stu-
dents’ professional “soft” skills along with their technical expertise was ABET 
Engineering Curriculum 2000 (ABET EC2000). Starting from that point 
some proposals of curriculum were developed, experimented and the objec-
tives to be achieved were defi ned. One of these cases is the Engineering Com-
munications Program of Virginia Tech (Paretti and Burgoyne 2005). Th ey 
defi ned the most important outcomes of the programme for future engineers, 
emphasizing communication skills, human interaction, culture awareness and 
ethics. In this case, the implementation took into account the engineering cur-
riculum, in which these skills are not the only topic and the resources are lim-
ited. Th ey include the usual specifi c engineering subjects as a way of developing 
these skills by including these objectives as part of the core subjects.

As a result of these and other proposals, a transformation in the education of 
engineers is occurring and will continue in the future. Some of the approaches 
seem to be based in incremental change, trying to advance to the fi nal stage 
progressively. Others demand quite a large change. Splitt (2003), who consid-
ers the ABET EC 2000 as a seminal event for the transformation of engineer-
ing education, justifi es the need for an important renovation on the basis of the 
required preparation for the future workplace. According to him, traditional 
engineering education off ered nowadays provides a good education in the tech-
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nical aspects of engineering, but “other areas such as communication competence, 
ethics and professionalism, sustainable development and the environment, working 
in teams, the current approach to quality, focus on customer needs, “business” prac-
tices, and other non-technical areas seem to receive little or no attention in many 
engineering curricula.”

He considers this characteristic as a limitation to the range of jobs available to 
engineering students. On the other hand, the latter fail to see engineering as a 
way to help society and people, and drop out. Th e situation necessitates a big 
change, beyond “ just changing a few courses” in order to modify the view of the 
curriculum by the faculties. Th is transformation will require the involvement 
and eff ort of the best staff  among the faculties.

In a review of the changes facing engineering curricula, Splitt has underlined 
three important topics. First, the infusion within engineering education of 
Sustainable Development as a dominant, economic, environmental, and social 
issue of the 21st century. Secondly, he proposes a change directed at a new 
paradigm for engineering education beyond the need to keep students at the 
cutting edge of technology. He subscribes to the words of Fisher, President of 
the National Academy of Engineering of the USA: “As NAE members you are 
the most accomplished and most respected members of the engineering profession. 
It is up to you to: 1) Widen your horizons. Be a Renaissance engineer – that is, an 
engineer for the 21st century, 2) Get involved in public policy. Don’t be afraid to 
run for offi  ce. Stand for practical, cooperative solutions. Bring your expertise to the 
table and make others want to listen to you, 3) Most important, go out and change 
the world. Make it a better place. Improve the quality of life for all the people of the 
earth. Isn’t that what engineering is really all about?”

As a third important topic, he points out that the new paradigm of engineering 
collides with a number of barriers that slow down the necessary speed. Th ese 
are: 

• Academic Resistance to Change: the reform of engineering education 
and teaching is commonly viewed as less rewarding in terms of fi nances, 
awards, prestige, and honours.

• Academic Resistance to ABET Oversight and Accountability: ABET 
and its changes in criteria are seen as a threat to academic autonomy.
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• Academic Resistance to Electing Qualifi ed Engineering Educators to 
the NAE due to the focus on the election of the members on the basis of 
individual engineering research.

Outside the USA, the Royal Swedish Academy of Engineering Sciences (IVA) 
has initiated a national project with the objective of formulating visions and 
objectives for the engineer of tomorrow (Eriksson 2003), in order to stimulate 
a change in engineering education that meets the expectations of students, in-
dustry, and society, now and in the future. Special attention has been paid to a 
topic already cited above, the industrial involvement in engineering education. 
Th e project will concentrate on increasing interest in science among young 
people, on developing the necessary skills to meet corporate requirements (see 
elsewhere in this book) and on introducing globalisation . Th e project has also 
promoted four initiatives which aim to bring forward the industry’s view on 
education and to enhance corporate involvement in education, by consider-
ing its demands, establishing collaborations and renewing the image of the 
engineer.

Summing up this section, it seems clear that the previsions and demands al-
ready foreseen by Beder, Florman or Christensen & Ernø-Kjølhede have been 
recognized by important stakeholders of the engineering world. However, the 
extension of the proposed changes is today uncertain.

Conclusion

Th is chapter has been centred on the characteristic view and image of engi-
neers, its origin, consequences and future trends. 

We have analysed how the image and status of the engineer have evolved his-
torically, achieving its climax in the ages of great technological development 
and industrial production. Th e decrease in the purely productive activity in 
western countries has led to new requirements of the engineer that transcend 
the purely technical approach. While in geographical areas that are increasing 
their industrial activities engineers are still held in high public esteem and stu-
dents are motivated to enrol in engineering programmes, in western societies 
there is a decline in the public perception of the engineer and the number of 
engineering students is falling drastically.
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Th e obsolete image of engineers , considered as mere technical performers act-
ing out of social context, is no longer in consonance with the requests of our 
societies and dramatically aff ects the public relationship to technology; it is 
partially responsible for a trend of de-engineering in western society, with a 
consequent reduction of engineers in posts of responsibility. 

Historically, engineers have not always been only technicians. Th e technical 
and scientifi c side of their labour has been gradually emphasized. Th e com-
plex factors that led to a “scientifi cation” of engineering programmes include 
philosophical, political, educational, economic and other considerations which 
have aff ected not only the curricula, but also the characteristic behaviour of 
graduates and future professionals. Society in general has suff ered from this 
approach, being served by professionals who are not fully able to carry out the 
role that is demanded of them. 

In recent years, this situation, criticized by many authors, has been recon-
sidered. Th e attention paid to soft skills and to the context of the engineer-
ing profession is more present everyday in study programmes. New trends in 
conception, in education and in the future roles of engineers have arisen. Th e 
future engineer will probably take on a responsible and committed role within 
society. 

Engineers are needed; they are important in order to develop our society and 
are in a good position to look outwards to the movements caused by tech-
nology. Th ey can, to some extent, take the leadership in the directions they 
consider more appropriate. Engineers should face the challenge of confronting 
questions related to decision-making, including technical and sociological is-
sues. Th e real scope of the present changes will be seen in the future.

References

Beder, S. (1991). Th e Fallible Engineer, New Scientist, 2nd November 1991, pp32-36 
(translated into Japanese and reprinted in Engineering History 67: 6-11).

Beder, S. (1998). A bit of the Rain Man in every engineer? Engineers Australia: 57.
Beder, S. (1999). Beyond Technicalities: Expanding Engineering Th inking. In: Jour-

nal of Professional Issues in Engineering Education and Practice 125(1): 12-18.
Bomke, W. (2003). Engineering as a profession. In: S.H. Christensen and B. Dela-

housse (Eds). Profession, Culture and Communication. Institute of Business Ad-
ministration and Technology Press. Herning, Denmark.



Chapter 19 • Current Problems in Engineering Historically Rooted  in the Search for Status as a Profession • 389

Cohen, S. and Grace, D. (1994). Engineers and Social Responsibility: An Obligation 
to Do Good. In: IEEE Technology and Society Magazine, 13 (3): 12-19.

Christensen, S.H. & Ernø-Kjølhede, E. (2006). Reengineering Engineers. Towards 
an Occupational Ideal of Bildung in Engineering Education. In: J. Christensen, 
L.B. Henriksen and A. Kolmos (eds.). Engineering Science, Skills, and Bildung. 
Aalborg Universitetsforlag, Aalborg.

Drake P. (2001). Mathematics and all that: Who Teaches the Number Stuff ? In: Ac-
tive Learning in Higher Education, Vol.2. No.1:46.

Escuela Técnica Superior de Ingenieros (ETSI). Universidad de Sevilla. Available 
from: <http://www.esi.us.es/php/portada/antecede/esting_e.php> [April 2006].

Eriksson, S. (2003). “Th e Engineer of Tomorrow – Industrial Involvement in an In-
ternational Future-proof Engineering Education”. Th e Royal Swedish Academy 
of Engineering Sciences, Sweden SEFI 2003 Conference. Available from: <http://
www.iva.se> [April 2006].

Famous Engineers. Available from: <http://www.engineeringk12.org/students/fun_
section/famous_engineers.htm> April 2006].

Ferguson, E. (1979). Th e Imperatives of Engineering. In: J. Burke et al. (eds.), Con-
nections: Technology and change. San Francisco: Bond & Fraser, pp 29-31.

Ferguson, E. (1992). Engineering and the Mind’s Eye. Cambridge, MA: MIT Press.
Florman, S. (1987). Th e civilized engineer. St. Martin Press. New York.
Foucault, M. (1970). Th e Discourse on Language. In: M. Foucault. Th e Order of 

Th ings. London: Tavistock, 
Foucault, M. (1984). Th e Order of Discourse. In M. Shapiro (Ed.). Language and 

Politics. New York University Press.
Friedman, M. (1983). Th e social responsibility of business is to increase its profi ts. 

New York Times Mag., Sept. 13, 1970, reprinted in T. Donaldson and P. Werhane 
(Eds.). Ethical Issues in Business: A Philosophical Approach, 2nd. ed. Englewood 
Cliff s, NJ: Prentice Hall: 239-244.

Frontiers in Chemical Engineering Education. Available from: <http://mit.edu/che-
curriculum/index.html> [April 2006].

Galip, A. (2005). 21st century engineering education for leading concurrent discovery 
and innovation General assembly of CIRP, available from: <http://www.personal.
engin.umich.edu/~ulsoy/pdf/Roundtable_Ulsoy_CIRP05.pdf>

Goldman, Steven L. (1991). Th e Social Captivity of Engineering. In Paul T. Durbin 
(Ed.), Critical Perspectives on Nonacademic Science and Engineering. Bethlehem: 
Lehigh University Press: 121-45.

Greenwood, E. (1991). Attributes of a profession. In D.G. Johnson (Ed.), Ethical Is-
sues in Engineering, Prentice-Hall, Englewood Cliff s, N.J., Chapter 6.

Herkert, J.R. (Ed.) (2000). Social, Ethical and Policy Implications of Engineering. 
IEEE Press, New York..



390 • Javier Cañavate Avila and Manuel José Lis Arias

Hopkinson, J. and Forrest, J. (1894). Th e James Forrest Lecture 1894: Th e Relation 
of Mathematics to Engineering. Minutes of the Institution of Civil Engineering 
Procedings Vol. 118 Part 4, May 1894, pp 331-348. 

Johnston, S., Lee, A. and McGregor H. (1996). Engineering as captive discourse. In: 
Journal of the Society for Philosophy and Technology 1: 3-4 

Learning and Teaching Support Network (Maths, Stats & OR) (2001). Th e Institute 
of Mathematics and its Applications, Th e London Mathematical Society and Th e 
Engineering Council, Measuring the Mathematics Problem:1.

McGinn, Robert E. (1991). Science, Technology, and Society, Prentice Hall.
McIver Consulting (2003). Th e Demand and Supply of Engineers and Engineering 

Technicians. Available from: <http://www.skillsireland.ie/press/reports/pdf/egf-
sn0305_engineers_engineering_technicians_report.pdf>

Meganck, M. (2003). Engineering Ethics in Evolution: from the Image Building of a 
Profession to a Dialogue among Stakeholders. In: S.H. Christensen and B. Dela-
housse (Eds.). Profession Culture and Communication. Institute of Business Ad-
ministration and Technology Press. Herning, Denmark.

National Academy of Engineering (NAE) (2004). Th e Engineer of 2020: Visions of 
Engineering in the New Century. Available from: 

<http://www.nap.edu/catalog/10999.html> [April 2006]
National Academy of Engineering (NAE) (2005). Educating the Engineer of 2020: 

Adapting Engineering Education to the New Century. Available from: <http://fer-
mat.nap.edu/catalog/11338.html>

Nikias, M. (2005). Technology Transfer: A 21st Century Model for Engineering Edu-
cation. USC Viterbi School of Engineering. Available from: <http://www.eda.gov/
EDAmerica/winter2005/model.html> [April 2006]

Paretti, M.C. and Burgoyne C.B. (2005). Work In Progress – An Integrated Engineer-
ing Communications Curriculum for the 21st Century. 35th ASEE/IEEE Fron-
tiers in Education Conference. October 19 – 22, Indianapolis, IN

Samson, D. (1989). Management for Engineers. Melbourne. Longman.
Seethamraju, R. and Agrawal, R. (1999). Engineers as managers: a conceptual model 

of transition Management of Engineering and Technology. Technology and In-
novation Management. PICMET ‘99 293-297 vol.2

Splitt, F.G. (2003). Engineering education reform: a trilogy. Available from: <http://
www.ece.northwestern.edu/EXTERNAL/Splitt/> [April 2006]

Sterling, M. (2002). Engineering – the future: or engineering the future. In: Engi-
neering Science and Education Journal, Volume 11, Issue 5: 173-184

Taylor, E., and Johnston, S.F. (1991). Why Transforming Engineering Courses Will 
Attract a Diversity of Students Including Women. Proceedings Th ird Annual 
Conference Australasian Association for Engineering Education, 15-18 Decem-
ber, Adelaide: 239-44.



Chapter 20 

Globalization and its Impacts on Engineering Education

Ivan Turek & Juraj Miština

Abstract: Th e authors fi rst describe the developmental trends caused by globalization, 
and the requirements for engineering education resulting from these trends. To these 
requirements mainly belong: the development of students’ creativity, their ability to 
solve problems, key competencies , their ability to learn eff ectively for their whole lives 
and to adjust fl exibly to rapidly-changing living conditions, entrepreneurship educa-
tion , an obligation to contribute to permanently sustainable development , and a re-
sponsibility to preserve a healthy environment. Subsequently the authors characterise 
the impacts of globalization on curriculum, students, teachers, and colleges preparing 
future engineers. It is necessary to achieve such results, so that students’ knowledge 
and skills will be inspired by their own thinking and active performance. Prospective 
conceptions of training engineers are mainly open, distant, and fl exible education  
connected with using ICTs, i.e. e-learning . Th e continuing education  of engineers and 
the ease of access to it are paramount to maintaining an engineer’s career. It is neces-
sary to signifi cantly increase the number of engineering graduates. Every university 
engineering teacher should also have pedagogical qualifi cations and should be contin-
uously trained in the fi eld of pedagogy. Engineering colleges should be places where 
teaching, research, and service are mutually integrated, supported, and rewarded. 

Developmental Trends Caused by Globalization, and the Sub se-
quent Requirements for Engineering Education

Th e movement from a national to a global economy – the globalization of the 
economy and of the world has brought about many changes which have had a 
tremendous infl uence on all parts of our lives: economy, politics, culture, social 
life, education etc. Th e changes that will occur in the 21st century will probably 
outrun the changes which have happened over the entire past millennium in 
terms of implication, speed, extent and signifi cance. From the huge amount of 
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changes and developmental trends mentioned by prominent world prognosti-
cators (e.g. Naisbitt 1990; Toffl  er 1990; Drucker 2001), we will mention only 
those changes which, in our view, will most aff ect the nature of engineering 
education. Any such predictions are probably risky, but we hope that our ideas 
will at least give some food for thought and spark discussion among those who 
are concerned with improving the educational process for engineers. From our 
point of view, engineering education will evolve to keep pace with these trends. 
What are these trends and what requirements can result from them for engi-
neering education? 

Th e world market competition intensifi es. According to the European Com-
mission’s Industrial Research and Development Advisory Committee (IR-
DAC) Report, if the EU economy is to keep up its competitive edge and en-
sure citizens’ prosperity, then the only solution appears to be innovation and 
quality. Th e main responsibility therefore lies in the educational systems that 
must fl exibly and appropriately respond to the changing economic environ-
ment (Kvalita vzdělání – odpověď na výzvy budoucnosti 1998/ Quality of 
Education – Answer to Challenges of the Future 1998). Success in the com-
petitive world market is possible only by means of permanent innovation and 
top quality production and products with the highest added value, i.e. includ-
ing a highly qualifi ed and humane workforce. Th e economic survival of EU 
states will more and more depend on the creativity of citizens, their original-
ity, and ability to innovate. Only quality research and development can bring 
high-quality production and products. But quality research and development 
cannot exist without quality education, which will develop students’ creativ-
ity, their creative thinking , and ability to solve problems. Th is pressing fact 
is relevant particularly for engineers who, to a considerable extent, deal with 
innovations in the fi eld of technology. To keep pace with permanent changes, 
a quality system of lifelong education  should become an integral part of the 
school system. 

Our current world is characterised by the information explosion and a rapid 
rate of innovation, especially in the fi eld of information, and this trend is con-
tinuously accelerating. Within ten years, approximately 80% of the technology 
used today will become obsolete. But in the same ten years, 80% of the labour 
force (professionally trained between ten and forty years ago) will still be work-
ing. Lifelong jobs are actually disappearing. Th erefore, instead of qualifi ca-
tion requirements for a lifelong job, lifelong employability  – the ability to be 
employed and succeed in various situations and conditions on the job market, 
and during diff erent life periods – will become a more and more pressing need. 
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Knowledge and skills that are aimed at one particular situation will rapidly 
become obsolete and useless (Turek 2004). Th erefore, the world’s developed 
countries have to try to fi nd, defi ne, and develop such competencies (skills, 
abilities, knowledge, and attitudes) that are the most usable in most occupa-
tions (even those not yet existing). Th ese competencies will allow individuals 
to carry out various work positions and functions, and perform diff erent jobs 
which will be suitable for large scale solutions of mostly unpredictable prob-
lems; they will also allow individuals to successfully deal with rapid changes in 
their jobs, and in their personal, professional, and social lives. Th ese competen-
cies are called “key competencies ”. Th e following are considered to be the most 
important (Turek 2004): 

• Information competencies : information and computer literacy.
• Learning competencies : knowledge and positive infl uence on students’ 

learning styles ; meta-cognition; good grasp of learning skills; acquiring 
relevant information sources; time management; motivation to learn; 
stress management; creation of optimum learning conditions; eff ective 
note-taking of lessons and self-study; eff ective textbook study; eff ective 
ways of memorising subject matters; and eff ective skills for exam prepa-
ration. 

• Cognitive competencies : problem-solving – problem identifi cation; pro-
posals of solution based on critical and creative thinking ; choice and 
implementation of optimum solutions. Critical thinking  – independent 
thinking; openness to new ideas; formulation of suitable questions; dif-
ferentiation between facts, opinions, and judgements; identifying stere-
otypes, clichés, prejudices, emotional factors, propaganda, and distor-
tion; various value systems and ideologies; setting the suitability and 
relevance of information; abstract reasoning and higher-order thinking 
processes; using intellectual standards  of quality thinking evaluation. 
Creative thinking – sensitivity; fl uency; fl exibility; originality; ability to 
produce trans-formations; and elaboration.

• Communication competencies : written and oral communication skills 
in adequacy to the situation (in three EU languages); comprehensive 
reading skills; careful listening; optimum forms and means of commu-
nication; understandable ways of creating written materials; eff ective 
presentation of information; communication by means of ICTs.

• Interpersonal competencies : living and working with other people in 
an eff ective way, learning with them and from them; being able to un-
derstand the spirit of other people (empathy); non-violent solutions to 
confl ict; respect of values; acceptance and tolerance of other people’s 
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diff erences; helping others in situations of need; ethical and responsible 
behaviour to others; maintaining harmony in human relations; crea-
tion of intercultural systems based on constructive negotiation, toler-
ance and compromise; building up a civic society; developing a socially 
democratic system with a permanently stable economy and encouraging 
social development of the country with responsibility to the environ-
ment; and maintaining life on Earth.

• Personal competencies : self-evaluation, knowledge, and evaluation of 
one’s own emotional life, including personal advantages and disadvan-
tages; real estimation of one’s own possibilities, abilities; self-belief and 
self-confi dence; behavioural and emotional self-control; freedom of 
decision; resistance to stress, peace-keeping, overcoming obstacles and 
failure; reliability; maintaining etiquette rules; fair performance and 
conscientiousness; being responsible for one’s own behaviour and work; 
adaptability and fl exibility; organising one’s life in accordance with eth-
ical principles (behavioural self-regulation); self-motivation, initiative 
and enterprise; positive thinking; involvement and assertiveness; civil 
spirit and courage; sociable character. 

According to EU recommendations, student acquisition of these key compe-
tencies  should be one of the main aims and the core component of educational 
curricula  of all types of schools, i.e. including engineering colleges. Key com-
petencies are abilities that have to be developed continuously, through activi-
ties within any subject area (history, mathematics, natural science, social sci-
ence, technology – there are simply no limits). Key competencies are beyond 
subject areas, they do not combine with particular content, and they can be 
acquired within any subject. Mastering these competencies is directly linked 
to the procedural aspects of the subject area, methods, organisational forms, 
and conceptions of teaching. Skills, abilities, and also key competencies, can 
be acquired only within an activity.

Most experts in the fi eld of education agree that the best professional educa-
tion is a good general education, which allows people to adapt to permanent 
changes, rather than specialised training. Professional training and specialisa-
tion now occur later, after fi nishing secondary school studies and even after 
graduating from university, and become a part of lifelong education .

Although prognoses can be controversial, there is a general consensus: infor-
mation and communication technologies will occupy a crucial role in the fu-
ture society. Even today, ICTs infl uence our everyday lives. Th ese technologies 
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could cause a revolution in education comparable to the one engendered by the 
invention of the printing press. ICT developments are so turbulent that their 
current use in education represents only a fraction of their potentials. Very 
soon, people will be able to learn from home, and terms like classes, timetable, 
classroom, grade, school year, and school or compulsory school attendance in their 
current understanding, will become out-of-date. Academic institutions have 
never before had such an aid as the computer, which has been adopted in 
such a natural, active, and positive way by students. ICT-based education, or 
e-learning , will make the everlasting dream of pedagogy come true – the in-
dividualisation of teaching, where each student will have his/her own teacher. 
Although this teacher will not have a human appearance, the teaching meth-
ods off ered through e-learning will allow for more patience, fairness, and more 
knowledge. E-learning will provide constantly improving learning results, cost 
savings, and time-related benefi ts in education and training. E-learning off ers 
profi tability and fl exibility benefi ts to its users and organisers. Th is is due to 
the fact that it enables learning to take place faster, cheaper, and with higher 
quality results. Th us, ICT-based education can have a direct infl uence on an 
organisation’s competitiveness. E-learning will enable companies to support 
the thesis that every person can successfully learn upon certain conditions. 
We cannot forget, however, that a computer can deliver knowledge, but people 
must provide emotions and love. Only an authority can educate a personality, 
and character can be created only through character.

Transition from an Industrial Society to an Information and Learning-
based Society

While in an industrial society, the main strategic source of development is the 
capital, in an information society, the strategic source of development becomes 
information and knowledge. Education, which must help people in orientat-
ing the information boom, in understanding and utilizing information, will 
become a decisive factor in the information society’s performance. Th us, the 
following educational goals will need to be met: to develop creativity, to utilize 
information, to orientate in a deluge of information sources, and to know how 
to apply information. In other words, it is necessary to develop an interest in 
learning, the ability to learn eff ectively (or rationally) for one’s whole life, and 
to adjust fl exibly to rapidly changing living conditions. Th us, the following 
statement by P. Drucker (2001) becomes more topical: “We will redefi ne what 
it means to be an educated person. Traditionally an educated person was some-
one who had a prescribed stock of formal knowledge. Increasingly, an educated 
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person will be someone who has learned how to learn, and who continues 
learning throughout his or her lifetime.”

Th ere will be rapid scientifi c and technological developments, where the domi-
nant position of physical sciences will be substituted by the wide application 
of biology, biotechnology, and ecology. Th e development of biotechnology, 
genetic engineering, and artifi cial intelligence will increasingly make the bor-
derline between humans and machines non-transparent. It will therefore be 
necessary to solve a whole string of ethical problems, to redefi ne terms like 
life, consciousness, and others. It is expected that with the development of 
nanotechnologies (mini-appliances working on a molecular basis), the space 
industry (production located at space stations, extracting minerals from other 
planets), and the exploitation of new energy sources, etc, much of engineering 
will move more and more towards the molecular level. As a result, engineering 
education should include biology, along with the traditional chemistry and 
physics courses, as a basis for the practice of engineering.

An enlarging European Union and the rise of a united Europe raise the ex-
pectations that educated European citizens of the future will consider Europe 
as their second homeland beside their current native country. It is thus neces-
sary to include a so-called European dimension of education  into teaching at 
all types of schools, including those preparing future engineers – i.e. teach-
ing about Europe, from Europe and for Europe, with expectations of active 
communication in at least three EU languages. Exceptionally important are 
teachers’ and students’ mobility in Europe (Socrates, Leonardo …), their active 
involvement in EU programmes, and the collaboration of higher education 
institutions.

Globalization also generates social, worldwide and global problems. Th ese 
particularly include war and peace, disarmament, ecology, violations of hu-
man rights and liberties, massive population growth in some areas, misery, 
starvation in many regions, inequality in economic development, intensifi ca-
tion of widening gap between rich and poor countries, ethnic and religious 
intolerance, extreme nationalism, terrorism, increased violence, criminality, 
drug abuse, aggressive behavior, and suff ering from diseases (AIDS, etc.). Un-
fortunately, even after hundreds of years, people are none the better, the more 
satisfi ed, or the happier, as is characterized in the famous sayings of Rogers, 
“We are educated but bad,” and Fromm, “Our brains are in the 21st century, but 
our hearts in the Stone Age’”. 
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Th e future contains elements of necessity, fortuity, and eligibility. Beside choic-
es that can bring spiritual and material prosperity, there are also choices lead-
ing people to ecological disaster, nuclear war, permanent ethnic or religious 
confl ict, famine, or a repetition of Auschwitz or Hiroshima, and in every case 
human behavior can prevail to lower instincts, e.g. egoism, greed, covetous-
ness, aggressiveness, intolerance, hostility, hatred, envy, and group interests, 
etc. To avoid such problems, it will be necessary to develop upper motives and 
form noble-minded values, such as love, respect, equality, brotherhood, liberty 
(but not to the detriment of others), goodwill, tolerance, trust, honesty, mu-
tual help and collaboration, non-violent solutions to problems, and to develop 
emotional intelligence. To attain these, academic institutions should become 
humanistic and creative; they should contribute to people’s political maturity 
and their development so as to be able to participate actively and responsibly in 
public life, to consider problems not only from personal and national points of 
view, but from a global perspective as well.

Globalization has increased the wastage of the environment and a lack of food 
and clean water for a considerable part of the population. Nature’s capacity 
for tolerance has nearly run out and natural resources are close to exhaus-
tion. A permanently sustainable development  – a development which meets 
our current requirements without limiting future generations in their abili-
ties to secure their needs – is a strategy of development that has no other 
reasonable alternative. In spite of this principal requirement, the majority of 
engineering education takes a prevailingly technocratic approach, aimed espe-
cially at maximizing production and economic effi  ciency. Engineering educa-
tion should be purposefully oriented towards environment-friendly production 
and safety, and to a reasonable decrease in the harmful impacts of technology. 
Future engineers should acquire respect for nature and the environment; and 
they should strive to achieve professional ethics, a part of which is a duty to 
contribute to a permanently sustainable development, and a responsibility for 
preserving a healthy environment.

Globalization is linking national economies in new ways. In today’s world, no 
country can remain isolated or impose barriers on international talent migra-
tion and trade. More and more, global work teams become commonplace as 
engineers are being assigned to projects that have international components. 
To be successful in this global environment, engineers must develop cultur-
al global literacy, which means mainly: being able to analyze other cultures’ 
needs and to design products and services to fi t those needs; understanding the 
business environment of the countries where products and services are made, 
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bought, or sold; being aware of the customs, laws, and ways of thinking in 
other countries; understanding and accepting other cultures’ attitudes and be-
liefs without compromising one’s own; and understanding local negotiating 
strategies, etc.

Before the 1970s, large corporations were the dominant phenomenon in the 
economies of developed countries. In connection with globalization and in-
creasing world market competition, small companies and micro-companies 
have started to play a decisive role in the economy. Th ese small and micro- 
companies can very fl exibly change production, rapidly introduce innovations, 
and thus be very competitive. Th e need to increase the number of small compa-
nies includes a need to increase the number of entrepreneurs, people who want 
and are able to set up and successfully manage these small enterprises. School 
systems were, and still are, aimed at training the staff  rather than preparing 
entrepreneurs (how to become self-employed, how to establish and manage 
an enterprise, how to develop a spirit of enterprise). A recent Eurobarometer 
survey on entrepreneurship in the EU and the USA did not show encouraging 
results (Flash Eurobarometer 160: Entrepreneurship 2004). 

Th e Americans are more venturesome than the Europeans; there is a better 
entrepreneurial environment in the USA, and this is one of the reasons why 
the EU lags behind the USA. Th e European Commission is aware that venture 
and entrepreneurship are the keys that will enable the EU to become the most 
competitive economy in the world, and therefore entrepreneurship education  
at all levels and types of schools is one of the main targets set by the EU in the 
area of education (Achieving the Lisbon goal: the contribution of VET: Final 
report of the European Commission 1-11-04, 2004). Th e EU commission for 
enterprise recommends introducing undergraduate training in how to set up 
and manage a business, including the ability to identify entrepreneurial op-
portunities and to propose a real entrepreneurial intention and plan. Th is kind 
of training should be off ered at all types of universities and higher education 
institutions (not only at those oriented to economy and services!). Students 
should have the chance to found and conduct a real mini-business (including 
the possibility to receive student loans), capable of competing on the world 
market (Helping to create an entrepreneurial culture …, 2004).
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Globalization and Curriculum

How to deal with the problems of globalization and engineering curricula ? Th e 
main role of designing engineering curricula within the context of globaliza-
tion is to prepare engineers to deal with the changing world and to enable them 
to cope with the diff erent aspects of globalization. (See also the account given 
in chapter 16 by Bernard Delahousse as to company requirements for new 
engineering skills and competencies caused by globalization)

Curriculum development should be the product of a consultative process that 
involves all stakeholders, including employers, civil society, local communi-
ties, parents, and students. As mentioned above, globalization brings a set of 
new requirements on engineering education, thus increasing the quantity and 
extent of teaching. As teachers are already overburdened, how should they deal 
with these new requirements? Th ere are several possible solutions: within the 
allotted time, to emphasize the extent (breadth, amount) of knowledge, as op-
posed to the depth (of understanding, application, analyses, evaluation etc.); or 
to prefer penetrating knowledge profundity, but to the detriment of the extent 
of teaching. Th e extent and profundity of education cannot be performed to-
gether within the allotted time. It is possible to provide either knowledge extent 
or knowledge profundity, but not both. A possible solution could be to prolong 
the study period and to use more effi  cient teaching strategies (but these require 
considerably longer study times than traditional teaching methods). 

In this age of information explosion, any eff ort to obtain a complete education 
is hopeless. Th e information explosion induces that within current conditions, 
it is not possible to acquire knowledge on the world even at a basic level. Ad-
ditionally, knowledge rapidly changes and becomes outdated; isolated knowl-
edge and knowledge that is not constantly updated can be rapidly forgotten. 
Neither adding new knowledge mechanically to an overburdened curriculum, 
nor prolonging the period of study can solve the antithesis between the fi nality 
of teaching results (the amount of knowledge and skills that can be acquired 
by students during school attendance) and the practically infi nite number of 
requirements that have arisen in everyday practice for engineering graduates. 
Th ere is no other prospective alternative than to release academic curricula 
defi nitely from the eff ort to acquire complete knowledge of particular sciences 
and to deliver maximum information. Th e main aim of engineering education 
cannot be only acquiring knowledge, but its aim has to be particularly the 
development of competencies and students’ value systems.
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A system of knowledge and skills for future engineers has to be created par-
ticularly with those pieces of knowledge and experience that are not infl uenced 
by the fast changes of scientifi c and technological development, revealing the 
most important or substantial attributes of teaching, and containing several 
teaching subjects (modules). Th is system of knowledge should be relevant to 
generalised terms (e.g. energy, effi  ciency, etc.), relations, principles, laws, theo-
ries, and general activities or methods of work. Th ese principal elements of 
teaching have to be taught more profoundly than they are today, to the det-
riment of various secondary dates, economic indicators, empirical relations, 
etc. Students should not have to memorise isolated facts but should be able 
to penetrate the whole net of relations, and they will have to learn the rela-
tions between things and processes. Th is means that it will be necessary to 
teach less subject matter, but with more knowledge profundity, putting the 
accent on a wider context. A student’s brain should not be a storage facility of 
miscellaneous, isolated knowledge, but should encompass what can be called 
the “philosophy of the subject (branch).” Th us, a student will be accomplished 
in the universal elements (problem-solving methods, general principles, laws, 
theories, and generalised concepts) that will enable him/her to always acquire 
newer knowledge.

Similarly, prevailing at engineering colleges is the information-receptive teach-
ing, also called traditional teaching. Traditional teaching was eff ective in the 
19th century and perhaps in the fi rst decades of the 20th century, but it no long-
er meets current requirements, and by no means can meet the requirements 
of the future. Th e main feature of traditional education  is the transmission 
of a subject matter (information) from one who knows (the teacher) to those 
who do not know (the students), in a complete and fi nal form (For a further 
discussion of this traditional epistemological perspective on knowledge and 
learning see Anders Buch’s account in chapter 8). Th e main teaching methods 
of traditional education are information-receptive (via a lecture or demonstra-
tion), and reproductive (via exercises). Th e teacher is an active subject in these 
methods (he/she explains, directs, etc.) while the student is a passive recipient: 
he/she listens, observes, and imitates the teacher, copies written information 
from the blackboard, and does everything according to the teacher’s instruc-
tions. At school, the student often only learns what to study at home, therefore 
he/she devotes much of his/her leisure time to learning. Frequently, this kind of 
learning is only a mechanical learning of facts, notions, theories, etc. Courses 
are passive and reproductive. Teaching has been deformed into a process in 
which the teacher shares experience, with students receiving it, followed by 
a process of testing which proves the student’s ability to memorise and some-
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times to apply acquired knowledge. Memorisation and mechanical reproduc-
tion of mastered knowledge prevail, which results in a one-sided overloading of 
students with grave, sometimes inadequate requirements for memory perform-
ance, while students’ personalities and activities are suppressed. 

“Th e phenomenalistic experience in current conditions is not only useless, not last-
ing, but also harmful. It loads the learners’ memory with incoherent knowledge, 
numbers and facts. It deprives the intellect of fl exibility, imagination, and ability 
to encompass the subject as a whole, but at the same time it gives a false feeling of su-
periority, omniscience, and profi ciency” (Volkov 1986: 329). If students passively 
receive knowledge in its complete form, then the result is an excessive respect 
for and blind faith in ready-made knowledge mediated through superiors, and 
into dogmatism. In practice, engineering graduates are often not independ-
ent in solving occupational problems; they apply to their superior with every 
bagatelle because he/she represents a symbol of the teacher, the textbook, the 
absolute truth, or completed or served experience. Th us, they often do not be-
lieve in their own thinking and ideas. Th ese students only believe in what they 
have learned. Why? Because the university system, with its traditional teach-
ing methods, does not teach them to believe in themselves, to apply their own 
ideas, verify them, and not to be afraid of new ideas, even if they contradict 
acknowledged facts. Resourcefulness, creativity, a spirit of thinking, and the 
courage to apply one’s own views to the world are suppressed. Idea reproduc-
tion and universal conceptions of respected personalities are expected. Th is 
results in the shallow reproduction of somebody else’s ideas, a so-called “par-
rotry,” which deprives not only students, but science, life, and society too. It is 
obvious that such teaching does not develop students’ personalities, particu-
larly their critical and creative ideas.

As a matter of general principle, in a procedural view of teaching (the answer 
to the question on how to teach students), it is necessary to achieve a situation 
where students’ knowledge and skills are the results of their own thinking and 
active performance controlled by a teacher. Th is situation is illustrated in the 
following sayings: “Th e most valuable for students is the knowledge acquired by 
their own work and eff ort. Th e best way to learn is to do something; the worst way 
to teach is to talk.” “I hear, and I forget; I see, and I remember; I do, and I under-
stand” (Ancient Chinese proverb). All modern teaching conceptions agree that 
a student must be motivated and active in the course of the teaching process, 
that it is necessary to eliminate the student’s passivity which is too often typical 
of traditional lessons.
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One of the most prospective teaching conceptions is constructivism . Construc-
tivism tries to transcend traditional teaching and its basic feature, transmissi-
bility, which merely passes the subject matter in its completed form to students. 
According to constructivists, in this way students can only learn facts (e.g. who 
was born where and when, when the Second World War started, which nov-
els an author wrote, what species animals divide into, etc.) and mechanically 
use some operations (e.g. multiply and divide, etc.). Neither the teacher, nor 
the textbook, or even revising the subject matter or imitating a pattern (e.g. 
the teacher) can infl uence the understanding of these facts. Understanding is 
constructed by learning the subject on one’s own, considering new information 
and comparing it with former experience (knowledge and schemes), adapting 
and transforming this new information so that the student can “get a sense” 
within his/her previously acquired universal knowledge. 

Constructing knowledge is an active process; the student must get a chance to 
work with the subject matter. Th e student is similar to a young scientist who 
fi nds, discovers a sense and the importance of the subject matter, solves prob-
lems, and refl ects on his/her experience. Mainly this is about problem- and 
project-teaching. For knowledge construction, it is important that teaching 
be performed as a dialogue between pupils and teacher, where they openly 
approach and confront their opinions, ideas, and attitudes. Students should 
discuss with each other and their teacher about their present opinions on cer-
tain, possibly authentic, problems related to the subject matter, co-operate (co-
operative teaching plays a signifi cant role), investigate, and create authentic 
products.

Other prospective conceptions of training engineers include open, distant and 
fl exible education  connected with using ICTs, i.e. e-learning . Open education  
is a broad concept, including a whole string of teaching procedures which en-
able students to cross the barriers that currently hold many of them back (e.g. 
mothers on maternity leave, shift workers, disabled people, etc.) from educa-
tion. Distance education represents various forms of systematically organised 
teaching over distances by means of correspondence, telecommunication me-
dia (periodical press, radio, satellite, e-mail), and other instruments without a 
direct teacher (or with only minimal teacher contact). Current rapid develop-
ments in ICTs allow computers to be used for study purposes, which is quali-
fi ed as “on-line distance education”. When students in the near future have 
a choice between attending passive lectures at fi xed locations and times in a 
campus-based curriculum, and completing interactive multimedia tutorials at 
any convenient place and time in an accredited distance-based curriculum, 
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traditional campuses are likely to become less and less attractive to prospective 
students. 

Potential impacts on traditional campuses that fail to meet these challenges 
are not pleasant to contemplate. Moreover virtual universities , where the entire 
study is performed by means of computers, will become considerably more 
established than nowadays. In our opinion, the most prospective form of edu-
cation is fl exible education , which is a combination of all forms of studies. 
According to their interests, possibilities and conditions, students can study, 
for instance, full time for one university semester, and another semester via a 
form of distance learning, then self-study or practical activities at a job can 
be the essence of their education. It is not important which higher education 
institution the student graduated from, but what in fact and practice he/she 
can do. Educational documents (diplomas, certifi cates, academic titles) will 
be awarded through various forms of formal education, but also by means of 
practical activities in the workplace. One condition for providing fl exible edu-
cation is the standards  which specify what the student must learn particularly; 
it does not matter which way he/she learns it. Th e most important thing is that 
a required standard has to be achieved, and assessment of its achievement must 
be objective, valid, and reliable. 

One possible technique for reorganizing the teaching of engineering principles 
is to introduce basic materials (such as mathematical foundations) through the 
“just in time” case study approach.

It is said that the “half-life” of engineering knowledge – the time in which half 
of what an engineer knows becomes obsolete – is two to eight years. Th at is 
why, more than ever, the continuing education  of engineers and ease of access 
to education is paramount to maintaining an engineer’s career.

We suppose that the characteristic features of an engineering curriculum will 
most importantly be: fl exibility, that is a modular and active curriculum; teach-
ing and learning that appeal to the intrinsic motivation of people to learn; in-
dividual learning paths and a diff erentiation in delivery modes; guidance and 
counselling; credit accumulation and transfer; and the validation of informal 
learning.
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Students

How can globalization infl uence the education of future engineers? Th e need 
for innovations in technology and the rapid development of technologies cre-
ate an increasing need for engineers. One of the six benchmarks passed by the 
European Commission in Barcelona proclaims that before 2010 every member 
state of the EU will reduce by half the proportions of men and women who 
do not complete their studies of mathematics, natural sciences, and technol-
ogy, compared to the year 2000, while signifi cantly increasing the number of 
graduates (Communication from the Commission. European Benchmarks in 
education and training … 2002).

Th e transition from secondary school to university is, for most students, as-
sociated with stress, and not all students can cope with it. Even the university 
is unable to help students overcome their stress. Students often use the least 
effi  cient method to acquire ways of study at university – the trial and error 
method. Th erefore, the fi rst subject that students should meet at university is 
an “introduction to university studies.” Beside information on the university 
structure, services, etc., this subject would have to include suggestions on how 
to acquire eff ective learning strategies, including self-knowledge, self-evalu-
ation, self-motivation, time management, resistance to stress, assertiveness, 
communication skills, note-taking skills, strategic preparation for taking ex-
ams, learning styles , meta-cognition, meta-learning, and critical and creative 
thinking  skills. 

Learning styles, meta-cognition, and meta-learning are considered to be the 
key innovations concerning students’ personalities. All teachers have the expe-
rience that people diff er in their ways of learning. Learning style is the summa-
ry of learning procedures preferred by an individual in a certain period of time. 
According to Fleming (2001), if a person does not learn through a learning 
style that is natural (or preferred) to him/her, then he/she will not achieve the 
results he/she is capable of attaining. Th ere are remarkable reserves in students’ 
mobility. Universities are essentially organised at national and regional levels 
and seem to have diffi  culty in fi nding a truly European dimension. Student 
mobility, for instance, is still marginal in Europe. In 2000, a mere 2.3% of 
European students were pursuing their studies in another European country 
(Th e role of universities in the Europe of knowledge 2003).
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Teachers Preparing Future Engineers

What expectations regarding teachers of future engineers does globalization 
entail? Th e personality of the university teacher plays a crucial role in the qual-
ity of university teaching. An academic should fi rst be a teacher, then a re-
searcher. Th erefore, every single university engineering teacher should have 
pedagogical qualifi cations and should be continuously trained and developed 
in the fi eld of university pedagogy. We do not want to depreciate the work of 
university teachers without a pedagogical education. Th ere is no doubt that 
many of them have achieved a real pedagogical mastery worthy of admiration, 
on the basis of their experience. But we cannot rely on the possibility that most 
of them will achieve such mastery only upon their experience. Beside profes-
sional-subject competencies, which can be understood as a thorough knowl-
edge of the subject area taught by a teacher, every teacher should also acquire 
the following pedagogical/teaching competencies  (Turek 2005):

• Psycho-didactics: creating favourable conditions for teaching; motivat-
ing students to know, recognise, and learn; activating and developing 
their abilities and competencies; creating a favourable social, emotional 
and working climate; controlling the student’s learning process – in-
dividualising it in terms of time, pace, profundity, degree of help, and 
the student’s learning style; using optimal teaching methods, organising 
forms and material teaching resources, etc.

• Communication: an ability to communicate eff ectively with students, 
colleagues, authorities, parents, social partners

• Diagnostics: valid, reliable, fair, and objective evaluation of students’ 
learning performances; ascertaining their attitudes towards learning, 
school, life, and discovering their problems.

• Planning and organising: eff ective projecting and planning in relation 
to teaching, creating and keeping a certain order and system in teach-
ing, 

• Counselling and consultancy: advising students as to their problems 
(not only study) and solutions, etc.

• Self-assessment (refl ection on working results): evaluation of their own 
pedagogical work, aiming at future performance improvement.

Requirements concerning the habilitation (second doctorate) of associated 
professors and the inauguration of professors should contain more detailed 
and demanding requests on the pedagogical activity of the applicants than 
there is currently. Th e modern and activating teaching conceptions mentioned 
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above will generate new demands on teachers. Instead of delivering knowledge 
(via lectures), they will become advisers, tutors and facilitators, who challenge, 
help, direct, monitor, facilitate and evaluate their students’ work. To this ef-
fect, they must master adequate skills, as well as the skills for eff ectively creat-
ing pedagogical texts and other methodological materials (e.g. methodologi-
cal programmes for using videos and microcomputers) for the development of 
learning abilities, etc. 

Educators of engineers should be able to “read” the changing conditions of 
engineering in order to make adjustments, or to design new curricula to cope 
eff ectively with the challenges of the global knowledge economy. If teachers are 
to be successful, they have to adopt a culture of rapid change – something that 
was rather diffi  cult to imagine in the past.

Schools Preparing Future Engineers

Globalization will entail not only changes in the contents of education at en-
gineering colleges, but also changes in the organization of these institutions. 
What would the changes be about? In the past, people went for information, 
which was stored at the university. In the future, information will come to 
the people, wherever they are. Institutions that are unable to adapt to these 
new realities may experience signifi cant declines. Strong competition should 
be expected from commercial providers of high-quality, technology-enhanced 
independent study materials, providing credentials through eff ective certifi ca-
tion of specifi c intellectual skills acquisition. If these programmes are validated 
by employers and society for the quality of admitted students, then the knowl-
edge of students will increase, and the requirements that students must fulfi l 
to graduate will be comparable to many traditional universities, yet without 
bearing the substantial overheads of physical institutions.

Th e traditional campus-centred university is becoming a global enterprise with 
many new partnerships, e.g. in the form of industry-university alliances. Co-
operation between universities and industry needs to be intensifi ed by gear-
ing it more eff ectively towards innovation, new business start-ups, and, more 
generally, the transfer and dissemination of knowledge. Engineering colleges 
are not able to endorse alone the responsibility of providing their graduates 
with a practical training and the practical experiences of their faculties and 
competencies. Industry should shift from being only a customer of engineer-
ing education to being a partner in the practical education of engineers. Using 
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the analogy of the medical profession, doctors in training “do rounds” with 
experienced physicians in actual hospitals. Th e engineering industry should 
create a similar environment where engineers in training can look over the 
shoulders of experienced engineers and professors while they instruct and do 
real engineering.

Engineering colleges should be places where teaching, research, and service are 
integrated, mutually supported, and rewarded. Each faculty preparing future 
engineers should apply certain quality management systems, e.g. TQM, with 
the purpose of improving academic performance, providing high quality edu-
cational results, and maintaining modest fi nancial expenses for school service. 
It is important to create a European qualifi cation area , in which qualifi cations 
and the period of study will be acknowledged. It is also necessary to extend the 
collaboration between educational institutions on a European level, to increase 
the mobility of students and teachers, to intensify the networking of engineer-
ing colleges by means of computers, and to permanently increase information 
in the educational system.

Carrying out all of the above-mentioned proposals is an issue of vital impor-
tance to achieve this EU benchmark: every EU member state will annually in-
crease educational costs proportionally per person, and in achieving this each 
member will set concrete and transparent benchmarks (Communication from 
the Commission 2002).
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Defi nitions of Key Concepts

Bildung. Internationally accepted German term for the process and product of the 
formation of an individual, a group or a society as regards to ideas, norms and behav-
iour. With roots in the ideals of personality of Antiquity and Renaissance, Bildung 
was introduced during the age of Enlightenment and has later been a very infl uential 
term in public debate on educational, religious and cultural issues. Th e German con-
cept ‘Bildung’ is akin to “cultivation”. In it we have two words, image and tilling, put 
together to indicate a possibility of seeing the development of an individual as a pro-
cess of becoming an educated person through one’s own actions and deeds. Originally 
the intention expressed by the concept was that of cutting oneself off  from this world 
and preparing for eternity. Th e basic idea behind Bildung is apparent here: one must 
make oneself into something worthwhile through one’s own eff orts. Th e idea of Bil-
dung has opened up at least three diff erent routes to worthiness: the acquisition of Bil-
dung through religion, Bildung through science and scholarship or Bildung through a 
vocation. A cultural interpretation of the concept advocates classical Bildung and the 
virtues expressed in it. To this interpretation philotechne adds the “learning by mak-
ing” as an essential source of Bildung.

Business intelligence. A set of business processes carried out to collect and analyze 
business information and to exploit the information obtained from such processes. 
Companies gather information in order to assess their business environment and em-
brace such fi elds as market research or competitor analysis. Competitive organizations 
accumulate business intelligence from a variety of sources to gain a competitive edge, 
and often regard such intelligence as a valuable core competence. Related concepts: 
competitive intelligence, strategic intelligence, economic intelligence.

Cause and consequence. Th e ancient philosophy of Aristotle allowed primacy to 
causes and explanation, whereas the modern philosophy of pragmatism allows primacy 
to the observation and evaluation of consequences. In the fi eld of science, the essential 
pragmatist rule is the following one: ‘Consider what eff ects, which might conceivably 
have practical bearings, we conceive the object of our conception to have. Th en, our 
conception of these eff ects is the whole of our conception of the object’ (Pierce). In 
the fi eld of morals, the usual model of instrumental reasoning based upon fi xed ends 
and limited inquiries into the means appears inadequate. Indeed, for Dewey, ends 
also are causes for further consequences which calls for an appraisal of their value. 
Th e doctrine of consequentialism is blamed for being ‘technocentric’ in focusing on 
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means and consequences rather than on ends and causes, as in the classical views on 
morals and science.

Community. In a broad sense, a community is any group of people sharing a com-
mon environment (which may be physical like a common village, but also virtual as 
in online communities). Communities can also be viewed as sub-groups of society (i.e. 
society consists of diff erent communities). Community is seen as a group of people 
sharing common views and interests as well as working towards common goals – a 
good example is community-based software development where motivated groups of 
(often) amateur programmers sharing the online environment successfully compete 
with commercial developers.

Community of practice (often abbreviated as CoP). Th e concept of a community of 
practice refers to the process of social learning that occurs when people who have a 
common interest in some subject or problem collaborate over an extended period to 
share ideas, fi nd solutions, and build innovations.

Competence (vs. skill) A standardized requirement for an individual to properly 
perform a specifi c task. It combines knowledge, skills and behaviour in order to im-
prove performance. More generally, competence refers to the state or quality of being 
functionally adequate or well qualifi ed, having the ability to perform a specifi c role or 
task. A person possesses a competence as long as the skills, abilities, and knowledge 
that constitute that competence are a part of him/her, enabling the person to perform 
eff ective action in a certain workplace environment. Skill: An ability, usually learned 
and acquired through training (as opposed to “ability”, generally considered as in-
nate), to perform actions adequately and effi  ciently.

Copyright. A central concept of intellectual property is copyright as a set of exclusive 
rights obtained by an author on his/her creation. Copyright is viewed somewhat dif-
ferently in diff erent legal traditions – the Anglo-American tradition views it as a direct 
economical benefi t, while in continental Europe it has been more a moral right than 
a commercial asset. 

Creative Commons. A fl exible system of licenses developed by Lawrence Lessig and 
others in the beginning of the 21st century to off er an alternative to strict copyright. 

Critical Th eory. Initially, movement of thought inherited of the philosophy of Kant, 
conceiving knowledge as relating to the universal categories of thought of the subject, 
and thus placing the latter in its center. In the fi eld of the philosophy of technology, 
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generic term gathering a set of contemporary theories trustful in the capacity of man 
to take in hand his future as a subject responsible for the technological development.

Determinism. Th eory according to which the future evolution is conditioned by a 
certain number of prerequisites, making illusory any expression of the human free-
dom. In the fi eld of the philosophy of technology, theory, inspired partly by the Marx-
ist thought, according to which the development of technology is autonomous regard 
to the choices of man and society, and is done in a direction dictated by the charac-
teristics of the human nature.

Design. An iterative systematic and creative decision-making process that translates 
‘needs and wants or problems’ into executable plans, by which resources can be con-
verted into products or systems, and based on scientifi c and mathematical principles 
together with engineering paradigms.

Double Instrumentalisation. In the language of the American philosopher Andrew 
Feenberg, this term designates the double process which any “natural” object (or sub-
ject) must go through to become a “technical” object (or subject). Th is process is 
composed for Feenberg of a “primary” instrumentalisation found identically in all the 
cultural and social contexts, then of a “secondary” instrumentalisation characteristic 
of the concrete network in which the object or the subject is brought up to date. For 
Feenberg the “essence” of technology as such can be understood only through this 
double movement.

Engineering. Th e planning, designing, building and operation of effi  cient and eco-
nomic structures, machines, processes and systems, based on the application of math-
ematics and natural sciences combined with knowledge of technologies and exercised 
with judgement and creativity. In an idealistic perception of their work, engineers very 
often tend to see themselves as working for the benefi t of society and mankind.

Engineering design. Engineering design is the process in which certain goals or 
functions are translated into a blueprint for an artifact, system, or service that can 
fulfi l these functions.

Epistemology. Th e study of theories of knowledge or ways of knowing, particularly in 
the context of the limits or validity of the various ways of knowing. In the context of 
engineering the basic questions of epistemology are: What is engineering knowledge 
all about? How can it be characterized? How do engineers get it? How can it be justi-
fi ed? And how do engineers use it?
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Feminism. A diverse collection of social theories, political movements, and moral 
philosophies, largely motivated by or concerned with the experiences of women. Most 
feminists are especially concerned with social, political, and economic inequality be-
tween men and women; some have argued that gendered and sexed identities, such 
as “man” and “woman,” are socially constructed. Feminists diff er over the sources of 
inequality, how to attain equality, and the extent to which gender and sexual identities 
should be questioned and critiqued. In simple terms, feminism is the belief in social, 
political and economic equality of the sexes and the movement organised around this 
belief.

Feminist research. Research that utilizes feminist concerns and beliefs to ground the 
research process. Feminism takes women as its starting point, seeking to explore and 
uncover patriarchal social dynamics and relationships from the perspective of women. 
Feminism is also a commitment to social change, arising from the actions of women 
to refuse the patriarchal social structure as it stands in favour of a more egalitarian 
society. Feminism also addresses the power imbalances between women and men and 
between women as active agents in the world. Feminist research seeks to include femi-
nism within the process, to focus on the meaning women give to their world while 
recognizing that research as a process is contained within the same patriarchal rela-
tions. Feminist research is research that uses feminist principles throughout all stages 
of research, from choice of topic to presentation of data. Th ese feminist principles also 
inform and act as the framework guiding the decisions being made by the researcher.

Free and Open Source Software. Computer programs that by their license grant 
the users four basic rights: a) to copy, b) to study, c) to modify and d) to redistribute. 
Th e Free Software movement led by Richard Stallman considers free software as the 
only ethical way of creating programs, considering proprietary solutions unethical 
(compare to Open Source). Most of free software is also gratis (free of charge) but not 
always – an example of free software being sold is Red Hat Enterprise Linux operating 
system. Th us the “free” refers to user rights, not to price (“free as in freedom, not as 
in free beer”). Meanwhile, Open Source is the ‘pragmatist’ approach to free software, 
which stresses the practical advantages of public source code and community-based 
development methods rather than ethical considerations characteristic to the Free 
Software Foundation school of thought. Despite the diff erences, the two schools are 
however co-operating on practical level.

Heuristic. A rule of thumb, simplifi cation, or educated guess that reduces or limits 
the search for solutions in domains that are diffi  cult and poorly understood. Unlike 
algorithms, heuristics do not guarantee optimal, or even feasible, solutions and are 
often used with no theoretical guarantee or justifi cation. 
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Inquiry. For Dewey, the function of logic is not to identify the conditions of valid rea-
soning, but to provide a general theory of inquiry. Inquiry is then defi ned as the trans-
formation of an indeterminate situation into a determinate situation able to restore the 
unity and the continuity of experience. Th e inquiry is not limited to research, which 
appears specifi c to science, but it fi ts in a natural and cultural matrix, which makes 
it a common process to all the organized living beings, animals and men alike. Man 
has a continuous experience of the situation forming a unifi ed whole, but when facing 
disruption within it, he undertakes to reconstitute its balance and unity by means of 
an inquiry. Th us, a man may carry out an inquiry in order to determine which area his 
ancestors come from, who (or what) damaged his car, or how it is advisable to behave 
with a Chinese. Th e inquiry is important in a democracy which uses social inquiry 
as the best method for dealing with confl icts of interests, opening them up to public 
discussion and to more comprehensive views on the common good.

Many hands (problem of). Since a large number of people are involved in techno-
logical actions or projects it is often diffi  cult to establish, in retrospect, when some-
thing went wrong, who was actually responsible. Th is is known as the problem of 
many hands.

Mindquake. A social concept introduced by Robert Th eobald; denotes the revolu-
tionary changes in society which render a signifi cant share of one’s previous knowl-
edge irrelevant.

Multidisciplinary knowledge. Th e capability of drawing appropriately from mul-
tiple disciplines (e.g. computer science, human behaviour, linguistics, economics, 
criminology, forensics, epidemiology, systems theory) to defi ne and apply new ways of 
understanding complex situations.

Natural philosophy. A philosophy which, based on speculative and/or empirical cog-
nition, seeks to understand the nature of man and the universe. Th e ancient Ionian 
natural philosophy, Aristotle and the Stoics made natural philosophies, based on the 
assumption of elements. Th e science of the late Middle Ages and the Renaissance 
revived natural philosophy as part of the liberation from religious dogmatism. Th e 
romanticists used it to promote their concepts of harmony, totality and evolution, and 
modern natural scientists and philosophers have, with diff erent starting points and 
results, resumed this endeavour.

Ontology. A branch of study concerned with the nature and relations of being or 
things which exist. Ontology and epistemology are often mixed up and treated as 



414 • Defi nitions of Key Concepts

meaning the same. Th is is not so. Simply put, ontology deals with the questions: 
What is the nature of the “knowable”? or, what is the nature of “reality”? As opposed 
to ontology, epistemology deals with the questions: what is the relationship between 
the knower (inquirer) and the known (knowable) and accordingly it deals with how 
knowledge can be justifi ed. Th e subject of ontology is the study of the categories of 
things that exist or may exist in some domain. Th us in engineering the ontological 
base or “reality” may be broadly described as a humanly created world of artifacts. Th e 
product of such a study, called an ontology, is a catalog of the types of things that are 
assumed to exist in a domain of interest D from the perspective of a person who uses 
a language L for the purpose of talking about D. Th e types in the ontology represent 
the predicates, word senses, or concept and relation types of the language L when used to 
discuss topics in the domain D. 

Polytechnician. Since the foundation of École Polytechnique of France in 1794, a 
student or candidate from a polytechnical institution, who for the benefi t of craft, 
trade or industry operates within various technical areas on the basis of natural sci-
ence.

Pragmatism. Pragmatism (from the Greek pragma, deed) is both an ordinary at-
titude concerned with ‘sound reality’ and a philosophical doctrine often presented as 
the ‘philosophy of America’. Th e reason is that pragmatism was developed by some 
American philosophers (Pierce, James, Dewey, Mead, Rorty, Putnam, …) through 
the 19th and the 20th century. Furthermore, this doctrine is supposed to express the 
American spirit, more concerned with action than contemplation. Pragmatism is hos-
tile to any speculation exceeding the limits of experience and considers the whole of 
human thoughts or activities, including the ‘theoretical’ disciplines, according to their 
relation to practice: for pragmatism, knowing is acting. As a philosophy of practice, 
pragmatism was praised by some European philosophers (Bergson, Wittgenstein) but 
disdained by some others (Popper, Russell) who regarded it as a ‘philosophy for engi-
neers’. In the context of engineering the philosophy of pragmatism may be simplifi ed 
to the doctrine that practical consequences are the criteria of knowledge, meaning 
and value. In this sense engineering knowledge can be justifi ed to the extent that it 
works.

Renaissance. Historical period, marked by a rebirth of classical knowledge and of 
a European culture more independent from church infl uence in general. It began in 
Italy in the 13th century and had its fi nal highlights in Northern Europe in the early 
17th century. Th e term (in its Italian form) was coined by Giorgio Vasari in his Lives of 
the Most Eminent Painters, Sculptors and Architects published in 1550.
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Risk. A risk is the possibility of an undesirable occurring. Often risk is defi ned as 
the product of the probability of an undesired event and the eff ect of that event. Th e 
probability is often viewed as the relative frequency of an undesired event, e.g. once in 
every 10 years. Th e eff ect is sometimes expressed in terms of the number of fatalities. 
When thus defi ned, the concept of risk is a measure for the expected number of fatali-
ties in a given period of time.

Satisfi cing. As engineers usually deal with real-world problems that are ill-defi ned 
and complex and to which there are a number of alternative solutions under given 
time or resource constraints, it is often diffi  cult to obtain an optimal or “best” solu-
tion. Engineers often have to settle for a less ambitious solution which will be “good 
enough” to meet the contextual requirements. Satisfi cing thus is to decide what con-
stitutes a satisfactory outcome and then try to achieve it. Engineers stop looking when 
they have “satisfi ced”.

Science and technology studies (STS). Th e study of how social, political, and cul-
tural values aff ect scientifi c research and technological innovation; and how these in 
turn aff ect aff ect society, politics, and culture.

Scientifi c management. Also called “Taylorism”, after the name of its American ini-
tiator, Frederick Winslow Taylor (Th e Principles of Scientifi c Management, 1911). Re-
fers to the planned management of production or other business or industrial activity 
based on principles of work effi  ciency, time and motion study standards, division of 
labour and the use of mass production methods. In Taylor’s view, management should 
arrange the work so that workers can work more and earn more, by teaching and 
implementing more effi  cient procedures. Often related with “Fordism”.

Script. Prescriptions that are built into technical products that infl uence how people 
perceive the world and how they behave. Scripts may be intentionally designed into a 
product but products also unintentionally have a script. Scripts usually do not force 
people to behave in a certain way but they invite or aff ord certain perceptions or be-
haviour, or they restrain or make unattractive certain behaviour. 

Social environment is a group of identical or similar social positions and social roles. 
Th e social environment of an individual is the culture that he/she was educated and/or 
lives in, and the people and institutions the person interacts with. For example, there 
are artistic environments (artists in a given area), educational environments (members 
of a university), political environments (members of a political party), etc.
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Soft skills. Th e cluster of personality traits, social graces, facility with language, per-
sonal habits, friendliness, and optimism that mark people to varying degrees. Soft 
skills complement hard skills, which are the technical requirements of a job.

Substantialism. Th is term is used by the American philosopher Andrew Feenberg to 
designate a set of rather pessimistic philosophical theories according to which technol-
ogy not only obeys an autonomous development, but also deeply aff ects the meaning 
of what is human, and is basically directed towards domination. Feenberg classifi es, 
among the representatives of this current, thinkers like Martin Heidegger, Jacques El-
lul and the contemporary American philosopher, Albert Borgmann. 

Th eory/practice and technology. It is rather usual in philosophy to institute a de-
marcation between the ‘theoretical’ fi eld (science, cognition …) and the ‘practical’ 
fi eld (morals, action …). Th is demarcation echoes the ancient demarcation of Aristotle 
between theoria, praxis and tekhne, but, for Kant, practice refers to moral and not to 
technical actions. Th e theory/practice dichotomy suggests that it is one option to say 
what things are, it is another to say what things may be, it is still another to say what 
things should or ought to be. For instance, the capacity to know the trajectory of a 
body (e.g. a one-ton missile) thanks to science does not inform in any way about the 
obligation to act in order to achieve a goal (e.g. bombing a school) according to mor-
als. Th e pragmatist philosopher John Dewey refused to divorce theory from practice, 
insofar as they are just diff erent phases of a stretch of intelligent inquiry: theory is the 
‘ideal act’, and practice the ‘executed insight’. Technology, which implies a relation-
ship between knowing and acting, belongs to the two domains of theory and practice, 
or at least allows a passage from one another.

Trade-off s (in engineering design). Technical products do not usually meet all the 
design requirements or design criteria optimally. Often better meeting one criterion 
means worse meeting another. Such confl icts imply that diff erent design criteria have 
to be traded off  against each other in the design process. 

Transcendental philosophy. Early transcendental philosophers like Plato accepted 
the existence of a transcendental world, diff erent from the material world, which was 
only accessible through reason. In Kantian terminology, a transcendental thinking 
focuses on the conditions of cognition itself. Kant distinguishes between empirical 
(a posteriori) phenomena and transcendental (a priori) categories (such as time, space 
and causality).

Truth, realism and instrumentalism. Th e opposition between realism and in-
strumentalism is very clear concerning truth: for a realist, supporting the concept 
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of ‘truth-copy’, there is a correspondence between language and reality (‘Atom’ is a 
word referring to an existing physical reality). For the instrumentalist, supporting 
the concept of ‘truth-instrument’, truth is just a result of inquiry and, consequently, 
not a property of objects but of ideas (‘Atom’ is an idea fi tting our experience so far !). 
Truth, for a pragmatist like James, is experienced as an event, a process of verifi cation 
carrying out a temporary and vulnerable state of belief, somewhat like a ‘cash value’ 
in a credit system. For the ‘new pragmatist’ Rorty, truth is just a ‘compliment for our 
assertions’, whereas for another ‘new pragmatist’, Putnam, it is now an ideal state of 
knowledge we could reach if we had all the relevant information needed.

Uomo universale. Th e ideal of a man excelling or at least trying to excel in as many 
areas as possible. Th ese may be art, science, sports, politics, engineering, warfare and 
many more. Th e ideal was very infl uential in the Renaissance.

Virtual enterprise. A temporary association of enterprises which work together on 
an industrial project and share core skills and resources in order to better respond to 
business opportunities, and whose cooperation is supported by computer networks. It 
is a new and major trend which enables businesses to specialize and be fl exible within 
their environments.
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as a multi-disciplinary team allowing for interdisciplinary collaboration. Th e 
project has been initiated and coordinated by Steen Hyldgaard Christensen 
from Th e University of Aarhus – Institute of Business and Technology. Dur-
ing the fi rst year of the project, which ran from 2005 to 2007, two meetings 
were held, in Barcelona and Dublin respectively. Th e meetings were chaired 
by Steen Hyldgaard Christensen and co-chaired by Bernard Delahousse. In 
the fi rst meeting, when the project was launched, a common understanding of 
responsibilities and of the aim of the project was reached. In the next meeting 
in Dublin, the articles were discussed and reviewed and a fi nal structure for 
the book was agreed upon. In the meetings, 24 researchers and teachers from 
11 EU countries and 15 diff erent institutions took part.

Th e following universities, institutions and institutions of higher education 
have contributed to the implementation of the project and the writing of the 
book:

• Th e University of Aarhus – Institute of Business and Technology, Den-
mark

• Th e University College of Jutland, Aarhus, Denmark
• Th e Danish Society of Engineers (IDA), Denmark
• Université des Sciences et Technologies de Lille, IUT “A”, de Lille, Fran-

ce
• Institut Catholique des Arts et Métiers (ICAM) de Lille, France
• Fachhochschule Regensburg, Germany
• Katholieke Hogeschool Sint-Lieven, Ghent, Belgium
• Delft University of Technology, the Netherlands
• Università di Udine, Italy
• Slovak University of Technology in Bratislava, Th e Slovak Republic
• University of Jyväskylä, Finland
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• Lahti Polytechnic, Finland
• Dublin Institute of Technology, Ireland
• Tallinn University, Estonia
• Technical University of Catalonia, Spain

Th e structure of the book meets the eight-dimension contents put forward in 
the project application to the European Commission :

• Th e concept of the cultured engineer
• Engineering education in Europe
• Engineering roles in society
• Global imperatives to engineering
• Th e philosophical foundation of engineering
• Philosophy of technology
• Th e history of the engineering profession
• Engineering ethics
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