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  Pref ace   

   And some time make the time to drive out west 
 Into County Clare, along the Flaggy Shore, 
 [T]he ocean on one side is wild 
 With foam and glitter, and inland among stones 
 The surface of a slate-grey lake.... 
 Useless to think you’ll park and capture it 
 More thoroughly. You are neither here nor there, 
 A hurry through which known and strange things pass 
 As big soft buffetings come at the car sideways 
 And catch the heart off guard and blow it open. 

 – Seamus Heaney, “Postscript” (1996) 

   We live today in a world progressively in the process of becoming an engineered 
artifact. We engineer not only roads and buildings but communication systems and 
biologies. In such a world, thinking about engineering is increasingly important – 
and yet incredibly diffi cult. 

 Among themselves, engineers are continuously trying to fi gure out what and 
who they are: skilled workers, project managers, applied scientists, designers, entre-
preneurs, and more. Additionally, there are a host of competing interests that would 
enroll engineering for their purposes: military interests, nation-building interests, 
commercial interests, social interests, environmental interests, and more. Finally, 
multiple disciplines attempt to take the measure of engineers and engineering: 
history, sociology, philosophy, and more. 

 There is no simple resolution to the tensions inherent in this complexity of 
contextualizations for the engineered constructions in which we progressively live 
and move and have our being. The best we can do is take an intellectual drive 
through diverse intellectual landscapes, with a willingness to let what poet Seamus 
Heaney calls “big soft buffetings” come at us sideways, opening the mind. Open to 
its contexts, the mind is at once:

•    More refl ective in negotiating the pressures that enfold it  
•   Better at spanning different engineering visions and practices  



vi

•   More insightful when conciliating the corporeal powers of engineering with the 
ethereal truths of poetry or art  

•   More resistant to commercial, political, and military distortions of human and 
professional responsibilities  

•   Better at constructing a more just world – one in which lives well-lived and well- 
examined transcend mere existence    

 To contribute to this opening up, not so much of the black box of what takes 
place behind the scenes in engineering, but of our own thinking about engineering, 
is the central effort of our collective refl ection. 

 The two books we offer –  International Perspectives on Engineering Education: 
Engineering Education and Practice in Context. Volume 1  and  Engineering 
Identities, Epistemologies and Values: Engineering Education and Practice in 
Context. Volume 2  – are the result of an extended dialogue or bridge-building 
between humanists and engineers with whom we have been involved both individu-
ally and more recently as a group. Steen Hyldgaard Christensen, the editor-in-chief, 
studied literature and history of ideas at Aarhus University in the 1970s, and since 
1987 has taught humanities for engineering and business students at what was origi-
nally a technical vocational college in Herning, Denmark (which in 1995 became 
the Institute of Business and Technology, and in 2006 Aarhus University). Since 
2003, Christensen has been facilitating processes of collaboration between engi-
neers, social scientists, and humanists in a series of book projects. The fi rst, with 
coeditors Martin Meganck and Bernard Delahousse, was on  Profession, Culture and 
Communication: An Interdisciplinary Challenge to Business and Engineering  
(2003); the second, with the same coeditors, was  Philosophy in Engineering  (2007); 
a third, again with coeditors Meganck and Delahousse, was  Engineering in Context  
(2009), the precursor of the present two volumes. 

 Martin Meganck has a doctorate in chemical engineering and is a former 
Dominican friar who studied theology and currently teaches ethics for engineering 
students at KU Leuven in Ghent, Belgium. Bernard Delahousse was an English 
language scholar who taught at an engineering college in Lille, France, and served 
as head of the school’s international offi ce. Delahousse has retired, but participates 
now as coauthor of one of the chapters in Volume I. Christensen got to know them 
while serving as the international offi cer at his institution, which is now part of 
Aarhus University. 

 For each book, Christensen and his coeditors organized a gathering of potential 
authors. Two days of deliberations by participants lead to a table of contents, after 
which Christensen and his coeditors orchestrated the logistics of book production: 
fi rst draft submission, fi nal draft submission, index submission, proofreading, etc. 

 In 2008, Andrew Jamison was drawn into the process, as a contributor to the 
project that became  Engineering in Context . But even before that book was 
published, Jamison, with Christensen and several other contributors to these 
volumes, asked the Danish Strategic Research Council to fund a four-year 
Program of Research on Opportunities and Challenges in Engineering Education in 
Denmark (PROCEED). This ambitious, interdisciplinary project took place between 
2010 and 2013. 
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 PROCEED was organized as a strategic research alliance between four universi-
ties: Aalborg University, Aarhus University (including the former engineering col-
lege in Herning), Roskilde University, and the Danish Technical University. The 
research was divided into fi ve thematic projects: “Challenges and Responses in 
Historical Perspective,” “Curriculum Design and Learning Outcomes,” “Modeling 
and Simulation in Engineering,” “Engineering Practice and Design Competence,” 
and “Integrating Contextual Knowledge into Engineering Education” (cf. PROCEED 
2010). The alliance included engineers, social scientists, philosophers, and histori-
ans; numerous chapters in these books are based on research and teaching activities 
that were part of the program. 

 Prior to the initiation of PROCEED, another project took shape that has also 
infl uenced the present two volumes. Christensen, Jamison, and Carl Mitcham 
teamed up to organize an interdisciplinary refl ection on relationships between 
“engineering and development” that involved American, Chinese, and European 
perspectives. Christensen invited ten Europeans, Mitcham ten Americans, and Li 
Bocong, from the Graduate University of the Chinese Academy of Sciences (with 
whom Mitcham had been working since the early 1990s), ten Chinese scholars. 
Together these scholars met at the Colorado School of Mines in April 2010 in a 
workshop supported by the CSM Hennebach Program in the Humanities for an 
exercise in refl ective, cross-cultural learning. PROCEED served as a cosponsor of 
the workshop by funding travel by some of the European participants. 

 Mitcham – a key node in the Christensen network from 2006 on – organized the 
CSM workshop around a series of “tutorials” designed to stimulate dialogue. 
Mitcham and his colleague Juan Lucena led tutorials on engineering and develop-
ment from an American perspective (Mitcham for the North and Lucena, originally 
from Colombia, from the South); Christensen and Jamison offered a tutorial on 
engineering and development from a European perspective; while Li Bocong and 
Yanming An introduced a Chinese perspective. By the end of the meeting in Golden, 
CO, a table of contents was developed for a book that was eventually published in 
2012 under the title,  Engineering, Development and Philosophy: American, Chinese 
and European Perspectives , edited by Steen Hyldgaard Christensen, Carl Mitcham, 
Li Bocong, and Yanming An. The book appeared in the Springer series  Philosophy 
of Engineering and Technology . 

 As a further contribution to the American-Chinese-European collaboration project, 
Li Bocong arranged another workshop on “Engineering and Sociology” in Beijing, 
China, in the fall of 2011. Li had long been concerned that engineering in the West 
was too focused on an individualistic professionalism, and he sought to stimulate 
refl ections that would broaden the contexts of understanding in both the West and 
the East. It was thus in Beijing, around the pleasures of extended Chinese meals, 
and in a country undergoing a historically unique engineering construction, that 
there emerged the germ of an idea that has grown into these two volumes on 
 Engineering in Context . 

 Another contributory linkage to these publications can be found in the European 
Ethics Network (EEN) from the 1990s. The EEN brought together ethicists from 40 
European universities and had a broad set of objectives. One of these was creating a 
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book series with core materials for professional ethics in the fi elds of biomedicine, 
business, press, and engineering. A kick-off conference in Barcelona, under the title 
“Rethinking Professional Ethics,” was the starting point of a series of collaborations 
among ethicists involved in engineering and technology from mainly Western 
European countries. An immediate and tangible result was the publication of 
Philippe Goujon and Bertrand Hériard-Dubreuil’s edited volume,  Technology and 
Ethics: A European Quest for Responsible Engineering  (2001). The engineering 
ethics team of the Catholic University of Lille (France) was the motor and the pivot-
ing centre behind the book, and Christelle Didier and Martin Meganck were mem-
bers of the editorial team. Mitcham contributed an afterword comparing American 
and European efforts in this area. The ethics journal  Ethical Perspectives  served for 
some time as the offi cial organ of EEN and is the only  ad extra  visible remainder of 
that EEN period. A less visible outgrowth, however, is a continuing set of ties among 
ethicists in different professional fi elds. When the  Profession, Culture and 
Communication  project sought a continuation in  Philosophy in Engineering , the ties 
between research groups and individual researches resulting from the EEN experi-
ence were useful in identifying new partners. The presence of Christelle Didier in 
the current editorial team has its basis there. 

 Still one more contributing stream to our collaborative effort, one that draws 
again on the work of Li Bocong, among others, is the 2012 Forum on Philosophy, 
Engineering, and Technology (fPET) held in Beijing, China. fPET-2012 was a fol-
low- on to an earlier fPET-2010 hosted at CSM in Colorado. The fPET conferences 
grew out of previous workshops held in 2007 and 2008 known as the Workshops on 
Philosophy and Engineering (WPE). The fPET conferences, like the WPE work-
shops before them, have provided opportunities to bring together scholars from a 
variety of cultures and disciplines, all sharing a common interest in trying to better 
understand the human activities we call engineering, the people we call engineers, 
and the creations we call technology. At the latest meeting in Beijing, approximately 
15 countries and 5 continents were represented. Philosophers, historians, and other 
humanists, along with social scientists and engineers, participated. The range of 
presentations included philosophical, historical, cultural, and ethical analyses of 
engineers, engineering, and technology. These events have proved invaluable as 
catalysts for ideas, scholarly exchanges, and collaborations. In fact, almost half the 
contributors to the present volumes have been participants in one or more of these 
events. Byron Newberry, another member of the current editorial team, whose back-
ground is in aerospace and mechanical engineering, served as cochair, along with Li 
Bocong, of the fPET-2012 meeting. Newberry also contributed to the earlier 
 Engineering in Context  book. 

 These different strands come together in the current set of two books. An inter-
national editorial kick-off workshop was initiated by Christensen and organized 
with the help of Louis L. Bucciarelli at MIT in May 2012. The main purpose was to 
defi ne the objectives, structure, and content of the volumes. After introductory 
presentations by workshop host Bucciarelli, Gary Downey, and Jamison, an inten-
sive process of discussions began. And, as the French say,  Du choc des idées jaillit 
la lumière : at fi rst confrontational ideas fi nally result in understanding and 
 constructive proposals. 
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 We hereby present the fi nal result of a long writing and editorial process. We trust 
that our readers will fi nd the work worthwhile and they may be inspired by it to do 
even more to think and rethink engineering contexts so as to transform engineering 
into a truly humanizing enterprise. 

 As those two books are meant to be a contribution to furthering the dialogue 
between engineering and philosophy in order to explore ways in which the humani-
ties can contribute to self-development in engineering education through apprecia-
tion of the multiple contexts within which engineers increasingly work, these groups 
of academics are the primary audience for our books. Moreover, we believe that the 
very process of creating these volumes, bringing together as it has a host of scholars 
from a diversity of disciplinary and cultural perspectives, marks a major milestone 
on the path toward creating a sense of identity and shared culture, while recognizing 
the value of differences, and building a vibrant community of scholars dedicated to 
bridging the gaps between engineers, humanists, and social scientists. 

 However, the book is also addressing a wider academic audience and may actu-
ally function as a means to achieve greater self-understanding for both teachers in 
engineering disciplines and for practitioners. Educational policy makers, both on a 
political and an institutional level, may also fi nd valuable matter for refl ection and 
inspiration in this book. We believe that, not least, the process of globalization com-
pels engineering educators to rethink and recontextualize engineering education in 
order to educate a better and more rounded type of engineer. We fi nally hope that the 
book may inspire students of engineering as well as students of the humanities and 
social sciences who are interested in the challenges and complexities that a rapidly 
changing and globalized world pose for higher education in general and for engi-
neering education in particular.  

    Herning ,  Denmark         Steen     Hyldgaard     Christensen   
   Lille ,  France      Christelle     Didier   
    Aalborg ,  Denmark      Andrew     Jamison   
    Ghent ,  Belgium      Martin     Meganck   
    Golden, Colorado ,  USA      Carl     Mitcham   
    Waco, Texas ,  USA      Byron     Newberry
1 October 2014         
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 The editors would like to express our heartfelt gratitude to the two anonymous 
reviewers who provided thorough assessments of our two volumes, respectively. 
The comments, suggestions, and criticisms provided by these two scholars were 
both detailed and insightful. As a result of their feedback, we added new material on 
topics that deserved more attention (particularly with respect to issues of gender, 
race, and class), made signifi cant improvements to several chapters, reorganized 
some of the chapters for better coherence and fl ow, and have tightened up some of 
our introductory sections. Our manuscript has been made stronger due to the care 
and diligence of these reviewers.  
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  General Introduction 
The Engineering-Context Nexus 
A Perennial Discourse

Steen Hyldgaard Chr istensen, Christelle Didier, Andrew Jamison, 
Martin Meganck, Carl Mitcham, and Byron Newberry   

 In 1982, Barry Barnes and David Edge published  Science in Context: Readings in 
the Sociology of Science , which signifi cantly infl uenced the sociology of science. 
The volume collected 18 previously published articles from the 20-year period 1961 
to 1981 – articles almost exclusively by social scientists – to promote refl ection on 
relationships between the subculture of science and the wider culture that surrounds 
it. Although the editors did not present it as such, the program for understanding 
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“science in context” can be read as responding to the challenge of C.P. Snow’s 1959 
“two cultures” lecture, which identifi ed a debilitating split between scientifi c and 
literary intellectuals. For Snow, there really were two cultures that approached the 
world from antagonistic perspectives. For the social scientists collected by Barnes 
and Edge, however, scientifi c culture is always part of culture in a more expansive 
sense. The two cultures are really one, and science needs to be understood precisely 
as an aspect of what it may indeed partially oppose. 

 In the spirit of that earlier title, the present two companion volumes focus on 
 Engineering Education and Practice in Context  (EEPiC, read as “epic”). This proj-
ect differs, however, not only in its concern with engineering instead of science but 
also in being composed of more than 40 original articles contributed by a much 
more interdisciplinary group: social scientists, yes, but also engineers, philosophers, 
historians, and even scholars from the fi elds of classics, communication, and fi lm 
studies. Additionally, among the more than 60 contributors are representatives from 
16 countries on the 6 inhabited continents. The volumes direct attention to four 
primary contexts of engineering: formal education, the design process, workplace 
and institutional experience, and civil society. Yet like Barnes and Edge, these new 
volumes postulate an integral if sometimes contentious relationship between engi-
neering cultures and their larger cultural contexts. 

 Comparing work on science with the present work on engineering, there emerges 
what may be termed a contextualization-decontextualization paradox. Scientists 
qua scientists think of their work as decontextualized and, therefore, have trouble 
recognizing the ways in which it is also contextualized. Engineers qua engineers 
think of their work as contextual and, therefore, tend to overlook the ways in which 
it is decontextualized. Scientists, for example, see formulas such as F = ma and 
E = mc 2  as independent of context and universally true, failing to appreciate their 
knowledge production can refl ect particular cultures (as, in these cases, a mathemat-
ical rhetoric enacted in distinctive social institutions). By contrast, engineers engage 
with contexts in which they deploy those same formulas in particular projects. But 
it is precisely because they think of themselves as so context dependent and sensi-
tive that engineers also so often presume they can go into any situation and provide 
appropriate solutions; they often too readily believe all their solutions are inherently 
contextual, even when this fails to be the case. The existence of such a paradox sug-
gests the need to use the  Science in Context  project as defi ned by Barnes and Edge 
as a foil with which to exploit difference. 

    Beyond Science in Context 

 The science in context argument is in an important respect nihilistic. The signifi -
cance of natural science, which the sociology of science aims to disclose, is that 
natural science has no special signifi cance. Its reputed claims to signifi cance are 
unmasked, demythologized, and demystifi ed. The sociological argument, as suc-
cinctly summarized by Barnes and Edge, is that “There is no way in which [natural 
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scientifi c] expertise can be guaranteed by reference to reason rather than habitual 
inference, nature rather than culture” (p. 11). Natural science is a social institution 
like any other; it rests on purely social foundations and its reasons are no more privi-
leged than those of politics, economics, or the military. 

 Yet as Barnes and Edge also admit, “to conceive of expert knowledge solely in 
terms of advocacy” is to ignore the normative question concerning which advocates 
are most credible or authoritative. The normative question is not one that can be 
“reduced to a matter of what beliefs are immediately expedient, or immediately 
relevant to vested interests” (p. 10). Among natural scientists and nonscientists 
alike, the problem of credibility has customarily been resolved by granting natural 
science a measure of rational authority – although a rational authority that social 
scientifi c analysis questions. 

 The social scientifi c analysis of science in context is nevertheless faced with 
three problems. First, social science is not generally granted the same social recog-
nition as natural science – that is, as the astronomical, physical, geological, and 
biological sciences. So its claims with regard to the natural sciences often carry little 
weight. It is not clear what infl uence the analysis of science in context can ever 
really have. 

 Second, even if the social sciences were magically to acquire social prestige and 
power, it is not clear how more careful and detailed sociological studies – which are 
repeatedly recommended by Barnes, Edge, and others, in order to give a better 
understanding of what really happens with science – would escape the acidic analy-
sis that they apply to the natural sciences. That is, the sociological analysis addressed 
to the natural sciences would seem necessarily to apply as well to the social sci-
ences. The social sciences, too, would have to be conceived as social constructions. 

 As a result, third, the social sciences can “offer no obvious solutions to the nor-
mative problems involved in the evaluation of [scientifi c] expertise” (p. 12). It is not 
just that the normative question is, as Barnes and Edge later claim, “of no sociologi-
cal interest” (p. 194); normativity is not an issue that it is even possible in principle 
for sociology to address. The sociology of science reveals science to be without 
distinctive authority and thus at the mercy of political, economic, and military pow-
ers – powers that are not troubled, in their real-world exercise of power, by any 
alleged lack of authoritative rationality. This is what Barnes and Edge refer to as 
“the tragedy of the expert” (p. 237). Experts can never deploy the methods of exper-
tise, which exist within a community of experts, to legitimate such expertise to the 
wider public. “If science itself is called into question, then the scientifi c expert can 
only retire gracefully” (p. 234). Scientifi c experts appear dependent on irrational 
acceptance by the public, with an irrationality that can at most and only on occasion 
be meliorated by programs of public participation – although Barnes and Edge 
acknowledge the “power” present in science, especially as refl ected by the close 
linkages of science “with ‘the higher levels’ of government and industry” (p. 248). 

 The science in context project is thus fraught with implications the engineering 
in context project seeks as much as possible to avoid. To this end, we offer three 
observations. First, by way of a brief historicophilosophical gloss, note that while 
the idea of the social construction of science can be manifest among scholars  without 
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serious immediate harm, the idea has been applied elsewhere with quite harmful 
results. Insofar as the administration of U.S. President George W. Bush refused, 
when making decisions about how best to reduce teenage pregnancy, respond to 
climate change, and the invasion of Iraq to grant any privileged status to scientifi c 
knowledge, both natural and social, he adopted a social constructivist stance. To the 
realist objection that one needs to respect reality, one of Bush’s senior advisers is 
reported simply to have replied, “When we act, we create our own reality” (Suskind 
2004). Such application and its results surely provide a good reason to revisit the 
normative question and defend the rationality of engineering as well as of science. 

 Second, and more positively, as if offering a means for addressing the normative 
question, our engineering in context project, is inherently more interdisciplinary. It 
involves not just sociologists and historians but also engineers and philosophers – 
along with scholars in the further reaches of the humanities and the social sciences. 
Indeed, while science in context sought to broaden the reach of science, the broad-
ening went no further than to describe science as not just a “source of knowledge 
and competence [but as] a repository of theories, fi ndings, procedures and tech-
niques which it makes generally available both directly, via expert intervention and 
consultation, and indirectly, via its interaction with technology and with specialized 
institutions in the economic and political structure” (p. 2). What is lacking is recog-
nition of science as a font of social, ethical, and even environmental problems. 

 To recognize science or engineering as a source of problems – especially envi-
ronmental problems – is not to deny that it can also contribute to solutions or, better, 
responses. Indeed, to adopt and adapt    the naturalistic pragmatism of John Dewey 
and to recognize something as a problem is implicitly to imagine a better state of 
affairs. For Dewey, engineering is ultimately and properly subordinate to the 
enhancement of life and the qualitative enlargement of human experience. Insofar 
as science and its sibling engineering fail to accord with this transcendent end – an 
end that is subject to continuous reimagination and reinstitutionalization in cul-
ture – it calls forth its own reconceptualization, regulation, or delimitation along 
with parallel and complementary extensions and expansions. 

 It is precisely this that best functions as our own context for the study of engi-
neering. We are studying engineering not simply to promote sociological under-
standing but in pursuit of better engagement between engineering and society – and 
the better education of engineers. Moreover, although to some degree a socially 
constructed or contingent end, it is an end for which we are willing and able to 
develop rational arguments. Only insofar as we can give good reasons for such 
ends – not just insofar as such ends are popularly accepted – should we wish to 
defend and built upon or toward them. 

 Thus the EEPiC project includes a strongly refl exive element. In the Barnes and 
Edge volume, for instance, there was no discussion of the meaning of context. By 
contrast, our two volumes both explicitly and implicitly address different meanings 
of context. On the explicit side, some chapters grapple overtly with the issue of 
context, whether trying to elucidate its meaning, to highlight its importance, or in at 
least one case to reject it. On the implicit side, ideas about contexts were built in via 
the selection of authors and topics, along with the organization of the volume sec-
tions. For example, while Barnes and Edge relied heavily on the problematic  concept 
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of culture, for which it assumes an anthropological meaning (see p. 193), here the 
question of culture is itself placed in context by the presence of contributions from 
multiple cultures and cultural perspectives, not to mention disciplines and disciplin-
ary perspectives. In addition, chapters in the two volumes are organized in sections 
designed to explore particular contextual facets, whether historical, ideological, or 
institutional. 

 We should note, however, that it is not the objective of these volumes to defi ni-
tively demarcate the meaning of context in engineering. For our purposes, context 
is not an end-in-itself but rather a means to an end. In the spirit of further refl exivity, 
the contingent but nonetheless rationally defensible (and inherently normative) end 
of the engineering in context project is to foster a better understanding of and 
engagement with engineering. This engagement will be intentionally provocative 
and argue for an end that is not explicitly given but implicitly found embedded 
within it: the transcendence of engineering, what has been called postengineering 
(see Mitcham 2009). 

 Remaining for the present in the European tradition, there exists a long-standing 
or sedimented distinction between liberal and professional education. From the per-
spective of liberal studies, the contrast is one between education and training, even 
vocational or technical training. From the perspective of professional studies, the 
contrast is between useless discussion or mere theory and useful or practical learn-
ing. It seems clear that engineering education accords primarily with professional or 
practical studies. Yet this is not to deny its possible involvement with liberal or even 
useless studies. We need to move beyond simple dependence on engineering. We 
must not become so effective at and engrossed with engineering that we forget that 
engineering is not everything. We need to exercise again the classical humanities 
disciplines of self-moderation.  

    Two Volumes and Their Complementarities 

 In summary, in relation to science in context, which it references as an ancestor, the 
two EEPiC volumes aim to be more interdisciplinary and original, more critical and 
refl exive, and more openly normative. Taken as a whole, this collection of original 
scholarly work is unique in its broad, multidisciplinary consideration of the chang-
ing character of engineering education and engineering practice in and from the 
perspective of multiple contexts. 

 Volume 1 on engineering education includes analyses of the history, structure, and 
ideologies of engineering education, challenges and critical perspectives, along with 
discussions of new pathways in 25 contributions by 50 authors from engineering, 
social sciences, and humanities. Key overlapping questions examine such issues as:

•    What are the different approaches to engineering education?  
•   Are differences competitive or complementary?  
•   What special challenges are emerging for engineering from concerns for sustain-

able community development, energy ethics, sustainability, and demands for 
innovative design?  
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•   What new efforts are being made to reform engineering education from the per-
spectives of design, engineering education research, and case-based learning?  

•   What is the role of the social sciences and the humanities in engineering 
education?    

 The chapters of Volume 1 are grouped into four sections, roughly following a 
see-judge-act logic. Part I historically frames engineering education in the United 
States, Western Europe, and a selection of locations elsewhere (India, Brazil, Slavic 
Europe). What appears initially simply descriptive is interwoven with a refl exive/
interpretative layer. Part II groups a series of more fundamental refl ections on the 
hidden and overt ideologies in engineering and engineering education. Parts III and 
IV collect contributions on experiences and approaches for reform and innovations 
in engineering education. 

 In Part I, the institutional history and evolution of engineering education in dif-
ferent geographical/cultural contexts is the carrying canvas. Regional, cultural, and 
historically bound aspects form one approach. Although these historiographical 
descriptions focus on regional and cultural differences, some common themes 
emerge. One is “academic drift”: vocational-oriented training programs tend to be 
swept into more academic structures, inducing changes in professional profi le and 
educational culture. A shift of focus from local toward more global perspectives can 
also be observed throughout the contributions. Insertion in the global economy 
seems to induce more pragmatic and neoliberal entrepreneurial tendencies in engi-
neering education. 

 Part II shifts from institutional history to the asking of critical questions regard-
ing theory and practice in engineering education. Like all institutionalized programs 
of education, engineering schools explicitly or implicitly assume and promote 
beliefs about how engineers should behave, not just in technical terms but in their 
social relationships. As previous scholars have noted, there are deeply ingrained 
ideas in the American context about positive relationships between engineering and 
business. The chapters in this section invite consideration of some alternative per-
spectives by calling attention to how engineering education functions differently in 
China and how the engineering-business nexus may not be experienced as unques-
tionably rational by members of nondominate social groups. 

 The framework of Part III extends an exploration of the limitations of received 
ideologies in engineering education by considering specifi c cases in the emergence 
of alternative futures. Hence the majority of chapters in Part III contribute to the 
construction of a counter-hegemonic discourse or “heterotopia,” to use a term of 
Baillie et al. (2012). Some themes that come into view    are engineering mindsets that 
get in the way of engineers seeing social justice, social justice in the context of 
global energy consumption and use, critique of the prevailing “weed out” culture in 
undergraduate programs as an impediment to diversity, developing a hybrid imagi-
nation in prospective engineering students, and questioning the ideology and codes 
of knowledge behind the dominant construction of the epistemological core in engi-
neering education and more. 

 The chapters in Part IV focus on the renovation of engineering education. 
Different in their structures and approaches, the innovations that are discussed in 
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this section have in common to refuse reducing education to a mere transmission of 
knowledge from a master to passive students. Instead, they rely on the active partici-
pation of the students and their personal experiences. Most importantly, rather than 
discussing which content should be added to enrich engineering education, some 
chapters focus on how to teach with pedagogical methods such as problem-based 
learning, and how to combine engineering teaching and engineering education 
research. Others propose a more radical transformation of engineering education 
through a defi nition of engineering not only as problem solution but also a contribu-
tion to problem defi nition or a new understanding of engineering knowledge, as the 
products of contextualized experience. 

 Volume 2 on engineering practice advances contextual analyses of engineering 
identity, epistemologies, and values in 23 contributions by more than 30 authors 
from engineering, social sciences, and humanities. Key overlapping questions 
examine such issues as:

•    What does it mean to be an engineer?  
•   How are engineering self-understandings enacted in the professional world?  
•   What is the distinctive character of engineering knowledge?  
•   How do engineering science and engineering design interact in practice?  
•   What are the prominent norms of engineering?  
•   How do they interact with the values of effi ciency or environmental sustainability?    

 The refl ection on engineering identities in Part I fans out in the following sec-
tions: Is there anything like “engineering knowledge” (Part II)? Is there an inherent 
normativity in engineering, and how does it connect with the norms and values of 
the surrounding world (Part III)? The concluding Part IV gives a further exploration 
of the idea of context itself: in practice, a sharp delineation between “text” and 
“context” may appear diffi cult if not impossible. This can either lead to fundamen-
tally questioning the very concept of context or to the vision that engineers can 
make their own context. 

 How do engineers distinguish themselves from scientists? From business peo-
ple? From technologists? How do engineers defi ne themselves professionally, and 
how are those professional identities uniquely shaped within particular national 
contexts. How do those outside of engineering perceive engineers? Is there a com-
mon unifying element between the diverse types of engineers? And how do gender- 
based stereotypes of and within engineering serve to limit equitable participation in 
the fi eld? These are the types of questions that are grappled with by the chapters in 
Part I of Volume 2, in an effort to gain a clearer understanding of the  identities  of 
engineers. In addition, a fi nal chapter provides a statistical overview of the scope of 
the engineering occupation worldwide. 

 Another fi eld – expounded in the chapters in Part II – where the contextuality of 
engineering appears, is in the epistemology of engineering: the knowledge engi-
neers need or use in their work cannot be clearly defi ned and demarcated. There are 
many uncertainties, as well in the available knowledge itself as in the evaluation of 
possible outcomes. Data may be lacking or hidden in an overload of information of 
indistinct relevance. And the boundaries within which engineering projects are to be 
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solved are subject to negotiation with economic or political instances and societal 
groups and stakeholders of many kinds. Part II of this volume gathers refl ections on 
engineering epistemology. What kinds of effi ciencies are pursued by engineers? 
How do they situate themselves in the tension between pure science and design 
practice? And how can the many layers of engineering knowledge be refl ected in 
modern curricula of engineering education? 

 In Part III, the central issue is the values that carry engineers and engineering 
(which is nowadays our common world) and cultural norms that are or should be at 
work in professional practice engineers. Some authors question the ambiguous 
infl uence of professional associations on the consideration by engineers of ethical 
issues. Others wonder how the culture of the engineers, the way they look at the 
world, shapes and is shaped by their relationship with the world of politics. Still 
others discuss the infl uence of social values on the attitudes of engineers and those 
of economic and political issues on how the problems they are asked to solve are 
formulated. 

 Do engineers create their own contexts or are they created by contexts? The 
authors in Part IV, the fi nal section of Volume 2, all take explicit aim at the notion of 
context. Aptly titled “Competing Contexts in Engineering,” the chapters present 
contrasting views of what context might mean or even how important the concept 
might be. One author argues that engineers create their own contexts. Another 
argues that the very idea of context is too static and should be abandoned in favor of 
more dynamic ways of characterizing engineering. Other chapters seek useful ways 
to differentiate context, whether by scale (from the micro to the macro) or by van-
tage point (internal versus external to the engineering activity). A fi nal chapter 
explores the challenge faced by engineering practitioners with respect to refl exively 
incorporating an understanding of context in their work.  

    Contexts, Challenges, and Paths to Transformation 

 The notion of context in engineering education and practice is an object of heated 
debate. On the one hand, claims are made that context is an artifi cial construct, rei-
fying a distinction between context and content and producing the sense of an inside 
and an outside. On the other hand, claims are made that the distinction between 
technical context and social context (a) refl ects real tensions in engineering educa-
tion and practice, (b) is constantly being re-negotiated, and, most importantly, (c) 
the outcome of such negotiations has real world consequences. Positions that adopt 
the context approach often focus on social justice, and more broadly empirical stud-
ies of engineering students’ engagement with context, have been refl ected in a num-
ber of path breaking works. Among these are: Cindy Atman and colleagues (1996, 
2008), Caroline Baillie (2006), Donna Riley (2008), Baillie and colleagues (2011, 
2012), and Juan Lucena (2013). Baillie et al. (2012), Most recently Bill Williams, 
José Figueiredo, and James Trevelyan in a collection on  Engineering Practice in a 
Global Context  (2014) have made another signifi cant contribution. 
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 The position taken here is that context matters and has practical consequences. 
The relevance of context is related to at least three different meanings of context and 
to inherent tensions that result:

•    The embedding of institutions of engineering education into higher education 
systems,  

•   The breadth of problem scoping in engineering problem solving  
•   Contextual knowledge    

 Context, however, is an inherently dialectical concept, since contextualizing is 
itself dependent on defi nitions of what are perceived to be the relevant boundaries 
regarding both the education and the practice of engineers. Contextualizing unfolds 
its inherent dialectics in the terrain between “is” and “ought,” fact and value. In this 
way, the quest for a recontextualizing of engineering education and practice inevi-
tably is a value-laden enterprise and thus not without a certain degree of contro-
versy. It is concerned with both what engineering “is” and what it “ought” to be. 
Ultimately a greater awareness and understanding of context should result in 
better preparation of engineers to render those contexts visible in their work, and 
consequently enable them to contribute to more socially robust and responsible 
endeavors. 

 When thinking about how far context can infl uence engineering and engineering 
education, one rapidly discovers challenges or even crises that can be roughly cat-
egorized into a number of ideal typical arguments:

•    The captivity argument  
•   The cultural change argument  
•   The identity crisis argument  
•   The weak profession argument  
•   The convergence argument    

 This list of arguments, most of which have been developed in one form or another 
over recent years, should be understood as neither complete nor defi nitive, although 
it provides a useful point of departure for anyone interested in understanding and 
innovating with respect to engineering and engineering education. Despite overlaps 
between these arguments, the merit of distinguishing them is that each emphasizes 
a specifi c aspect of engineering and/or engineering education that poses chal-
lenges – and opportunities – for the engineering profession. 

 In many chapters of these two volumes, the ideas and analyses aim to further 
identify, characterize, and explicate one or more of these challenges. Other chapters, 
drawing on such analyses, propose responses in hopes of transforming engineering 
and engineering education in ways that will sustain the profession as a vital, con-
structive, and responsive social institution. A brief summary of relevant arguments 
follows. 

 The  captivity argument  is that the engineering profession, in regard to both edu-
cation and practice, has been locked in a number of social and intellectual captivi-
ties that may be interpreted as a “fundamental usurpation of the intellectual and 
social dimensions of engineering as an autonomous discipline” (Goldman 1991, 
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p. 121). An “intellectual captivity” consists of engineering being considered subor-
dinated to science. Engineering education requires students to master large doses of 
mathematics and physical sciences. Engineers in turn tend to believe that science 
and engineering are objective and able to exclude human values from infl uencing 
the esoteric work taking place in engineering disciplines. Engineers become overly 
concerned with order and certainty and adverse to ambiguity. Issues of meaning and 
social impact are marginalized because scientifi c methodology, the structure of 
hypothesis, proof, validation, publication, and critique are embedded in a scientifi c 
culture to which engineers fi nd themselves attached. A “social captivity” lies with 
engineering practice being subordinated to a managerial agenda driven by econom-
ics and the market. Engineers exercise their power only within that mandate, which 
raises questions about the idea of engineers as the primary agents of technological 
change. According to Johnston et al. (1996), the result has been a serious limitation 
in engineers’ capacity to examine the social meanings and effects of their work and 
to self-consciously refl ect on their practices and professional identities. 

 Captivity arguments surface throughout these volumes. For example, in Volume I, 
Chap. 1, Atsushi Akera and Bruce Seely provide a historical account of the American 
system of engineering education. In it they highlight the rise to  dominance of the 
 engineering science  paradigm, as well as the infl uences of “neoliberal economic 
doctrine.” Similarly, in Volume II, Chap.   10    , Stig Andur Pedersen delves into the 
intellectual tensions between science and engineering. Other chapters present ideas 
for moving beyond such intellectual and social captivities. For example, Tony 
Marjoram argues in Volume I, Chap. 16, for a problem-based, as opposed to sci-
ence-based, education, with an emphasis on addressing human and social develop-
ment goals. And in Volume II, Chap.   17    , Carl Mitcham and Wang Nan advocate an 
expansion of engineering ethics into the political arena, so that “taking a global 
perspective on investing in a new technological innovation, for instance, would 
involve going beyond economics to include assessments of multiple risks and ben-
efi ts at the social and environmental levels.” 

 The  cultural change argument  concerns an alleged lack of diversity in engineer-
ing. In one version of this argument, feminist research criticizes the social norms of 
engineering culture as overly masculine. How could female students feel attracted to 
engineering faculties that are not only demographically dominated by men but also 
culturally emphasizing of male interests? Research has shown that male students go 
for engineering because they like to tinker; the choice of female students seems 
more inspired by a general interest in mathematics and physics. Even without giving 
in to the caricature of the pragmatic and performance-oriented male vs. the more 
caring and relation-oriented woman, bridging these “two cultures” is far from evi-
dent. But this is only one aspect of the cultural change argument. In Volume I, Chap. 
8, Amy Slaton describes the “less-than–democratic character” of engineering and 
other science, technology, engineering, and mathematics (STEM) occupations and 
the weak infl uence of many inclusive efforts made in the United States to address 
diversity issues (gender issues, but also social diversity). Wendy Faulkner in Volume 
II, Chap.   2    , highlights how gender operates alongside professional and organiza-
tional to produce engineering culture and proposes to disseminate “heterogeneous” 
images of engineering in order to create space for a more diverse range of people. 
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 In a context where the global engineering competency becomes “a problem of 
engaging people from different cultures” (Downey et al. 2006), another aspect of 
cultural change has to do with cross cultural and globalization issues. In Volume I, 
Chap. 7, Qin Zhu and Brent Jesiek highlight the need to develop a better under-
standing of the history and cultural context of engineering education and profession 
in other countries and regions. They propose three key intellectual concepts enabling 
understanding Chinese culture: Confucianism, Marxism, and pragmatism. 

 A further aspect of cultural change involves preparing engineers to deal with 
environmental issues. In Volume II, Chap.   13    , Christelle Didier and Kristoff Talin 
highlight French engineers’ attitudes toward the environment and how they differ 
from those of their fellow citizens; “ecoskepticism” is the norm even among the 
younger generation of engineers. In Volume II, Chap.   15    , Jen Schneider, Abraham 
Tidwell, and Savannah Fitzwater describe the tremendous diffi culty of reforming 
nuclear science and engineering education in the United States to better integrate 
environmental issues. Encouraged by physics and engineering educators, student 
skepticism toward climate change research constitutes a cultural value and 
 contributes to constructing an “insular culture.” Rather than simply objecting to 
their opinions, the authors invite nuclear engineers to make their voices better heard 
at the “table of discussion.” 

 The  identity crisis argument  has several manifestations, ranging from how engi-
neering is understood – or misunderstood – by the public, to uncertainties in the 
roles engineers play, or will continue to play in the future, in technology develop-
ment. The latter issue, for example, was developed forcefully by Rosalind Williams 
(2002). In a refl ection that grew out of her service as Dean for Undergraduate 
Education and Student Affairs at MIT, she analyzes how a division of labor has 
eroded the identity of the engineering profession.

  What engineers are being asked to learn keeps expanding along with the scope and com-
plexity of the hybrid world. Engineering has evolved into an open-ended Profession of 
Everything in a world where technology shades into society, into art, and into management, 
with no strong institutions to defi ne an overarching mission. All the forces that are pulling 
engineering in different directions – toward science, toward the market, toward design, 
toward systems, towards socialization – add logs to the curricular jam. (Williams 2002, 
p. 70) 

   The challenge for engineering education is complex: it can lead to cramming 
more and more into the curriculum. It can lead to hyper-specialization, with a set of 
narrowly defi ned skills and competencies for preestablished jobs. But this contrasts 
with future demands for “educating active, rigorous and fl exible individuals, rather 
than skilled workers for pre-established jobs.” For Williams, the curricular response 
should be a convergence between the technological and liberal arts, educating the 
engineering student both for life and fl exible employment.

  Only a hybrid educational environment will … prepare students for handling … life in a 
hybrid world. Students need to be prepared for life in a world where technological, scien-
tifi c, humanistic, and the social issues are all mixed together. Such mixing will not take 
place if students have to decide from the outset that they are attending an “engineering 
school” as opposed to a “non-engineering school.” (Williams 2003, p. 4) 

General Introduction The Engineering-Context Nexus A Perennial Discourse

http://dx.doi.org/10.1007/978-3-319-16172-3_13
http://dx.doi.org/10.1007/978-3-319-16172-3_15


xxx

   Elements of the identity crisis argument are apparent in many chapters here. 
Byron Newberry, in Volume II, Chap.   1    , discusses what he terms the  dialectics of 
identity , which is created by ambiguities in the understanding who engineers are 
and what they do, ambiguities that exist both internally (engineers’ self-identity) 
and externally (engineers as viewed by others). A detailed example of ambiguous 
self-identity is provided, for example, in Volume II, Chap.   3    , where Mike Murphy, 
Shannon Chance, and Eddie Conlon present empirical results of engineering stu-
dents’ self-conceptions. Looking toward engineering’s future Andrew Jamison, 
Niels Mejlgaard, and Jette Egelund Holgaard, in Volume I, Chap. 14, reimagine 
engineering by advocating development of what they call a  hybrid identity :

  Fostering hybridity or a hybrid imagination involves a mixing of scientifi c education and 
training in technical skills with an appreciation of the broader cultural implications of sci-
ence and technology in general and one’s own role as an engineer, in particular. 

   The  weak profession argument  deals with the professional status of engineers. 
Mitcham (2009) distinguished between  strong  and  weak  professions. According to 
his argument, strong professions (such as medicine and law) rest on the formula-
tions of ideals that are well embedded in the professional curriculum and practice. 
Weak professions (such as military and business) either lack such ideals or only 
weakly include the relevant specialized knowledge in a professional curriculum and 
practice. Somewhat provocatively he argues that engineering has more in common 
with weak than with strong professions. 

 This overlaps with the captivity argument in that engineers themselves may see 
their job as executing what others have decided: clients or patrons, sponsors, gov-
ernment, the market; decisions about the ultimate end-use of engineering work 
seem removed from engineers themselves. Seeing engineering as a weak profession 
is nevertheless at odds with the aspiration to have “engineers who will assume lead-
ership positions from which they can serve as positive infl uences in the making of 
public policy and in the administration of government and industry” (National 
Academy of Engineering 2004). There is a call for engineers who would not just be 
technocrats, but public intellectuals, who would accompany society in dealing with 
a technological culture, and

  show to a broad array of audiences – politicians, engineers, scientists, and the general 
public – that science and technology are value laden, that all aspects of modern culture are 
infused with science and technology, that science and technology do play key roles in keep-
ing society together, and that they are equally central in all events that threaten its stability. 
It is therefore necessary that science and technology, in their explicit and implicit forms, be 
subject to political debate. (Bijker 2003, p. 444) 

   This argument can be seen as part of the choices university education has to 
make in general, and not only for engineering. Will universities be training camps 
for professionals, under a regime run by “academic capitalism and managerialism” 
(Slaughter and Leslie 1997)? Or should universities be places of intellectual critique 
and cultural citizenship? 

 Especially in the second volume of this diptych, several chapters deal with the 
disputed professional status of engineering, either as part of a main line of  discussion 

S.H. Christensen et al.

http://dx.doi.org/10.1007/978-3-319-16172-3_1
http://dx.doi.org/10.1007/978-3-319-16172-3_3


xxxi

or at least as an aside. It is part of Newberry’s consideration of the “dialectics of 
engineering.” The “engineering-label” covers a wide range of specializations and 
occupational activities, and the boundaries between professionals and other educa-
tional backgrounds are blurred. This makes it diffi cult for engineers to gather in one 
recognizable group and to speak with an authoritative voice, even concerning topics 
that are within their realms of competence. Michael Davis has a long record of pub-
lications on professionalism and engineering. In Volume II, Chap.   4    , he enters into 
discussion with some comments and objections his publications have raised and 
deals with methodological and conceptual misunderstandings that blur the vision of 
engineering as a profession. Martin Meganck in Volume II, Chap.   12    , questions why 
a professionalism label should be important at all and discusses whether a 
professionalism- based ethics cannot be reduced to principles of ordinary morality. 

 Finally, the educational consequences of the above-mentioned arguments are 
related to a  convergence argument , which focuses on relatively recent evolutions in 
higher education across many countries. Democratization of education, homogeni-
zation (e.g., through the Bologna process in Europe), political decisions, and the 
application of new management styles seem to lead to an academic drift – or con-
vergence in mission – in and of nonuniversity institutions, and vocational drift in 
universities or institutions similar to universities. For engineering, some fear that 
this will lead to a gradual loss of the practice-oriented nature of engineering. 
Curricula will become more theoretical. Teaching staff will be evaluated more on 
their research activity than on their teaching or contacts with industry. The blurring 
of boundaries between “noble” and “less noble” institutions is a tendency that seems 
to occur spontaneously and organically; yet it solicits further fundamental 
refl ection. 

 In Volume I, Chap. 2, Steen Hyldgaard Christensen and Newberry zoom in on 
major differences between and dynamics of change in European and American 
higher education. They examine two European examples of academic and research 
drift in nonuniversity institutions – Irish  Institutes of Technology  (IoTs) and Dutch 
 Hogescholen  (HBOs) – and three American examples – a public technical institute 
(Southern Polytechnic State University in Georgia), a state teacher’s college 
(Western Kentucky University), and a sectarian liberal arts university (Baylor 
University). They argue that convergence in mission between universities and for-
mer vocationally oriented designated teaching institutions both in Europe and the 
United States are likely to create a number of tensions and dilemmas as well as 
winners and losers. Shifting emphases in engineering degree programs from teach-
ing based on practical experience derived from engineering work to research- 
informed and research-led education creates crisis for many faculty members whose 
values and identities embody the core of a teaching culture. Many of these practi-
cally experienced teachers are likely to be one obvious group of losers in this pro-
cess of institutional transformation. 

 Bernard Delahousse and Wilhelm Bomke in Volume I, Chap. 3, further substanti-
ate the convergence argument in presenting a comparative study of two more 
profession- oriented institutions in Europe – the French  Instituts Universitaires de 
Technologie  (IUTs) and the German  Fachhochschulen  (FHs). In their study, the 
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focus is on the historical evolution of the two types of institution in terms of degree 
of autonomy, creation or adaptation of curricula, pedagogical methods, student 
standing, personnel status, and research opportunities. The two institutions have a 
number of traits in common: a strong focus on teaching rather than research, fi xed 
curricula oriented toward practice including internships, close links with compa-
nies, academic staff recruitment, a particular stand with regard to universities, insis-
tence on graduate operational skills, and more. The authors argue that academic 
drift should be regarded as a natural and irreversible process: “natural” because it 
interacts with the inevitable evolutions of society in its economic, political, social, 
cultural, and technological dimensions; and “irreversible” as it constitutes a never- 
ending trajectory. Generally transformations take place in  moments of opportunity   
provided by external state, public, private, or transnational agencies. Yet the void 
after the transformation of institutions may need fi lling by a new type of short-cycle 
institution and the process can go on once again.  

    Conclusion 

 These two EEPiC volumes thus aim to stimulate critical refl ection on the past, the 
present, and the future of engineering in both education and practice. They offer no 
fi nal answers or even a well-formed methodology. Instead, their programmatic char-
acter invites readers themselves to refl ect on the engineering-context nexus and con-
tribute their own insights to a perennial discourse – a discourse that can help us all, 
engineers and nonengineers alike, live more consciously and carefully in our 
increasingly engineered world. 

 With regard to issues addressed in Volume 1, engineering education in all its 
dimensions – histories and structures, ideologies, reforms, and innovations – can be 
expected to be continuing subjects for empirical research and critical refl ection. 
More empirical research on the institutional contexts of engineering education with 
respect to ongoing institutional transformations both locally and globally will be a 
priority. Given the increased blurring of boundaries between university and nonuni-
versity engineering educational programs, there are ongoing needs to explore what 
does and does not work under what conditions to achieve diverse goals. A related 
issue for research and refl ection is the engineering-business nexus, a multilayered 
relationship with implications for both engineering education and practice. More 
systematic empirical research along the lines of Cindy Atman and colleagues (1996 
and 2008) on student engagement would also be important. 

 With regard to Volume 2, engineering practice as refl ected in identifi es, episte-
mologies, and values calls as well for further research and refl ection. Here recent 
(and no doubt future) analyses of the normativity in engineering and technology are 
(and will become more) relevant; see, for example, the work by Ibo van de Poel and 
Peter Kroes (2006) and Sergei Gepshtein (2009). Additionally, the relationship 
between engineering, social sciences, and humanities has implications not only for 
education but for engineering identity, knowledge, and ethics. The need to integrate 
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these three perspectives on engineering practice has been pointed toward by 
Mitcham (2014) as well as many others trying to assess large-scale social problems 
that have emerged in conjunction with the engineering transformations of human 
ways of life (see, e.g., Mike Hulme 2014). 

 More generally, our introduction began by referencing and criticizing a previous 
“science in culture” project. But we should also acknowledge the extent to which 
this project has received its own criticism in the science studies fi eld. One extension 
of the science in context program argued that since there is no reason to grant scien-
tifi c expertise any special cognitive privilege, everyone is justifi ed in claiming 
expertise. In an insightful response to this developmental trajectory, Harry Collins 
argues at length that although everyone may be some kind of expert, we are not all 
scientifi c experts “because we do not [all] belong to the scientifi c community and 
we do not necessarily make our judgments from the platform of the norms and aspi-
rations that drive that community” (2014, p. 131). For Collins, “If we start to believe 
we are all scientifi c experts, society will change: it will be those with the power to 
enforce their ideas or those with the most media appeal who will make our truths, 
according to whatever set of interests they are pursuing” (ibid.). 

 Adopting Collins’ framework, we can note that there has been little temptation 
for any social critic to argue that “we are all engineers now.” Additionally, despite 
Snow’s blurring of any science-engineering distinction in his famous two-culture 
argument, engineering intellectuals are probably something different than either 
scientifi c or literary intellectuals. At the same time, there is some sense in which 
even literary intellectuals would have to admit their dependency on engineers much 
more than on scientists. This is the case, fi rst, insofar as engineering is conceived as 
attempting to satisfy human needs and, second, insofar as engineering has been 
argued by engineers themselves to be a more refi ned form of that making and using 
that permeates all human activities (see, e.g., Koen 2003). To the extent that either 
of these theses is even partially true, it is all the more incumbent on us to struggle to 
examine engineering in context.  
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                Introduction 

       Tony     Marjoram      and     Mike     Murphy     

    This fi rst section deals with engineering identity and identities in the context of 
engineering practice. Engineering identity links to epistemology and values because 
engineering is a knowledge-based profession, operating in professional and social 
contexts, where public perception is a signifi cant factor in identifi cation and identity 
formation, not to mention interest and enrolment. Interest in identity and identity 
theory developed in the 1970s, with various approaches and perspectives on identity 
and the identifi cation of identities. Approaches from philosophy, sociology, social 
psychology, anthropology, and related disciplines refl ect their disciplinary and sub- 
disciplinary viewpoints. These range from the empirical to more philosophical, con-
ceptual and normative perspectives; some are complementary, others are contested 
(e.g., the role of internal and external factors). Perspectives also relate to notions of 
the self as an individual, at the existential and personal level, and in terms of mem-
bership of larger social and cultural groups (e.g. gender, class and race), and associ-
ated sub-cultures, beliefs, norms and values, education, employment and professional 
backgrounds, and affi liations. 

 Interest in identity developed with reference particularly to education and work, 
which have changed signifi cantly since the 1970s. This is especially the case over 
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the last decade, with increasing emphasis on the knowledge economy, and 
economic growth in a time of increasing globalization and competition. While 
engineers have identities related to and shaped by their engineering education 
and practice, they also have and relate to other identities. Further, engineers have 
different engineering identities by discipline (e.g., civil, mechanical, etc.), and by 
work area (e.g., academic, consulting, public service, etc.). It is useful to note that 
not all engineering educators are engineers – with many having backgrounds in 
education and the social sciences (sociology, psychology, economics and history, 
for example). Also, engineers themselves have other lives and identities, as partners, 
parents, grandparents, hobbyists, collectors, volunteers, sportspeople, etc. These 
identities may relate and overlap, or they may be separate and differentiated, and 
many may lead different lives within the same head-space (Tomlinson 2013). 

 The transition from education to the world of work and career has also changed. 
Both education and employment are of vital importance in identity development 
and formation of engineers. This is especially true within the broader French con-
text of the term, which relates both to education and the development of an identity 
as an engineer in terms of professional behavior and values, and personal sense of 
self. The scope and mechanisms regarding the development and transformation of 
identity, or identities, is debated (for example, what identity is, how it is formed and 
transformed), although there is general concurrence on the importance of identity as 
a framework for meaning and experience, especially in the social context. A dis-
course on engineering education and employability has also developed over the last 
50 years, with reference to university-industry partnership and, most recently, pro-
fessional attributes and competencies. This is illustrated, for example, in the context 
of the Washington Accord and International Engineering Alliance – where 5 of the 
12 Washington Accord graduate attribute profi les relate to engineering/technical 
competencies, fi ve relate to more social skills (including applying contextual knowl-
edge to assess societal issues, understanding environmental and sustainability issues 
and understanding and applying ethical principles). One attribute is managerial and 
one is educational (lifelong learning). Education may encourage employment, 
opportunity and mobility, or deny it (social reproduction theory), and education 
may promote employment fl exibility, but also competition, uncertainty and insecu-
rity (human capital approach). This refl ects the debate over liberal versus utilitarian 
education: of education for life contrasted against education for a job. In this con-
text, it may be possible to “have one’s cake and eat it too,” with project- and 
problem- based learning, both of which promote life-long learning and employabil-
ity. Different approaches and perspectives on identity, and refl ections on the identity 
of engineers and others, are discussed in the chapters in this part. The six chapters, 
each by leading specialists in their fi elds, are linked by an internal-external dia-
logue, as refl ected in the discussions of dialectics, gender, the role of design in 
defi ning an engineer, how engineering as a profession developed, the development 
of professional ethics and the need for better statistical data with which to identify 
engineering and related internal and external needs. 

 Identity and identity theory may be seen as overly abstract, especially when 
applied to the diverse world of engineering, as several contributors to this part 
observe. Identity also relates to identifi cation with, and if the object of identifi cation 
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is vague, so will be any association. Since almost all aspects of our lives are  mediated 
by technology, and technology is arguably researched, designed, developed, manu-
factured, and maintained by engineers, it follows that engineers and engineering 
thus play a central role in the identity formation of all of us. In terms of common 
usage, ‘identity’ may also be associated with personality, celebrity, or status. 
However, as engineering has become more diverse, complex and corporatized, it has 
become less understandable, little more than a service sector with the designers of 
the technology we use every day invisible within the corporations that employ them. 

 With identity related to status, the loss of public identity is mirrored in the 
 declining status of the individual engineer, perhaps more particularly in developed 
countries. For example, in the past, in countries such as Australia and Ireland, many 
towns and boroughs had a municipal engineer responsible for most aspects of 
 infrastructure. Today these roles have often been subsumed into the roles of town or 
county managers, with few municipal engineers remaining. Similarly, few compa-
nies still have a Chief Engineer – one of the few places that retain such a role is in 
teams participating in Formula 1 motor sports. With fewer engineers in high profi le 
public engineering positions, those that transition into management often down-
play – or at least see no reason to emphasise – their engineering pedigree. This 
general decline of the visibility and status of engineering refl ects a limited under-
standing of engineering. Another reason for the lack of engineering identifi cation 
relates to the generally poor quality of information and statistics on engineering, 
especially at the international level. Engineering is part of “science and technology” 
in OECD data, which is not disaggregated between science and engineering, or 
scientists and engineers. 

 Science studies and the sociology of science developed in the 1960s and 1970s, 
itself a Kuhnian paradigm shift in thought, but these new studies neglected engi-
neering, and have been critiqued in the “science wars” literature for postmodernist 
knowledge relativism (Sokal and Bricmont 1998). Given the importance of engi-
neering in social and economic development, there is a need for a new paradigm of 
knowledge in engineering studies and epistemology. What is engineering? What is 
an engineer? What do engineers do? How are engineers best educated? How can we 
more effectively promote awareness and understanding of engineering by non- 
engineers in the public and policy realms? The development of engineering studies 
is thus long overdue, but is beginning to be addressed through academic networks 
such as the International Network for Engineering Studies (INES) coordinated by 
Gary Downy. This also begs the question as to why engineering was ignored or 
overlooked by ‘science studies’ over the last half century, when engineering, or at 
least the ‘engineering sciences’, is widely understood to be closely related to sci-
ence. For example, at UNESCO, the UN organisation offi cially responsible for sci-
ence and engineering, which initially constituted the major part of the science 
programme in the 1950s and 1960s (UNESCO Engineering Report 2010). The 
answer lies in the diversity, complexity, ubiquity, and also opacity of engineering (a 
handful of core topics and around 40 sub-disciplines), and in simplistic and 
 misleading models of science, engineering, and innovation, especially the linear 
model of innovation in which engineering and technology follow-on directly from 
underlying science. 
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 With the subordination of engineering to science in many countries, science 
often looks down on engineering more as a trade than a rigorous discipline. Science 
is identifi ed with people in white coats working in research labs, even though most 
scientists work in companies, and fewer in frontier research. Engineers practice in 
the public and private sectors, as academics, as researchers and as consultants, and 
are often professionally licenced or chartered. In this sense, engineers are more akin 
to medical doctors than scientists, albeit with multiple identities. Science is often 
regarded and reported as the basis of innovation, whereas more innovations derive 
from engineering, and ‘rocket science’ is more engineering than science. Indeed it 
can be argued with considerable justifi cation that the science in rocket science is 
easy, but rocket engineering is hard. Old notions die hard, and although UNESCO 
was created in 1945 at a conference in the Institute of Civil Engineering in London, 
and engineering was initially a major part of its science activity, the most recent 
World Conference on Science in 1999 (on the main theme of “Harnessing Science 
to Society”) totally ignored engineering despite the fact that ‘harnessing science to 
society’ could be used as a defi nition of engineering. The subordinate perception of 
engineering vis-à-vis science is captured well in the old aphorism that technological 
successes are most often referred to as “scientifi c achievements” while technologi-
cal failures are usually called “engineering disasters”. 

 Several contributors refer to this subordination of engineering to science and 
managerialism. Further, the heterogeneous culture, identity, and professional status 
of engineering all make it hard to pin down engineers and engineering. Adding to 
the discordancy, there may also be a schism between various branches and levels of 
engineering. At many universities, mechanical, civil, electrical, and chemical engi-
neering students lead separate lives with little or no interaction. At other universities 
there is a form of professional isolation between engineering and technology stu-
dents. Student engineers have even less contact with social science and humanities 
undergrads. One wonders if such divisions among engineers and others partly 
underlie commonly reported weaknesses in engineering graduate competences in 
communications and team working skills. It is yet unanswered how changes to stan-
dardised engineering degrees and postgraduate specialisation will promote under-
standing, at least between engineers themselves. 

 In Chap.   1    , Byron Newberry examines the question of perceived contradictions 
or tensions within engineering, particularly in the internal-external context, with 
reference to the concept of dialectics. This is a central question in the philosophy of 
engineering, in terms of understanding and interest in promoting change and the 
transformation of engineering, especially engineering education. Newberry exam-
ines the dialectics of scope and scale (the closer one looks, the vaguer it gets, like 
Heisenberg’s Uncertainty Principle), the dialectics of identity and status (engineer-
ing is increasingly ubiquitous, yet less understood), the dialectics of purpose 
(between ideals and realities), and the dialectics of method (contrasting the internal 
technical focus of engineering with external context and purpose). The need to 
understand the dialectic between increasing social, economic and cultural depen-
dence on engineering and technology, and the decreasing social, economic and 
 cultural understanding of engineering and technology is emphasised. The position 
and role of engineers in this process, and how this affects the identity, status, pur-
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pose and methods of engineering is explored. While engineering may be diffi cult to 
study, creative tension is an essential part of engineering, like innovation, and this 
chapter reinforces the will to proceed. 

 Engineering, like most of science, is largely identifi ed as male dominated and 
masculine, characterised by “boys and toys”, and gender is another aspect of the 
internal-external dialogue in engineering. The gender neutrality of technology has 
also been questioned, and indeed the gendered nature of science and engineering 
itself (Wajcman 1991, 2009). Reality is complex and nuanced, however, as Wendy 
Faulkner explores in the context of gender-troubled engineering identities in Chap. 
  2    . Faulkner is a leading commentator and the gender issue refl ects wider tensions 
within engineering, engineering identity, and the connection of engineering to the 
outside world. This chapter examines the tension within engineering between the 
nuts and bolts technical approach and its wider social heterogeneous context: the 
hard/soft, masculine/feminine dualistic character and identities of engineering. The 
people, management, social, economic, and cultural context in which engineers 
work are also noted. Faulkner observes that many engineers associate themselves 
with a technical identity following the male/masculine character of engineering, 
which disadvantages women in becoming “real” engineers, concluding with a call 
for the broad church that is engineering to promote a more heterogeneous image, and 
to build upon this diversity to enhance the participation of women in engineering. 

 Many comments on engineering education refl ect the early nineteenth century 
model of mathematical, science, and theory-based pedagogy, developed by 
Humboldt in Germany and then in the  grandes écoles  in France, partly to distin-
guish the emerging scientifi c approach to engineering from other trades-based 
approaches. There are increasing calls for change to this model, and that what is 
needed today is to combine theory and practice in a problem- and project-based 
learning approach. Indeed this was the original model of Wilhelm von Humboldt in 
establishing the University of Berlin. The tension between technology focus and 
broader curriculum issues will likely continue as an essential feature of both engi-
neering and engineering education. The socialisation and identity formation of an 
engineer generally begins at college or university, unless one has family, friends, or 
signifi cant others who are engineers. This assumes, of course, that ‘doing’ an engi-
neering degree ‘makes’ one an engineer. The decision to study engineering is also 
signifi cant, if one accepts that becoming an engineer may be as much about nature 
as nurture; see for example the wonderful animated sketch of the young Dilbert in 
“The Knack”. Identity formation may differ, and may be stronger or weaker, 
between engineering specialities, and between levels – engineer, engineering tech-
nologist, and technician. Chapter   3     by Mike Murphy, Shannon Chance, and Eddie 
Conlon is of central and practical importance in the identity formation of young 
engineers. The chapter explores the questions  who is an engineer?  and  what makes 
an engineer? , with reference to a study of identity formation among two groups of 
fi nal year students, in engineering and engineering technology, at the Dublin 
Institute of Technology. The authors begin with an informative review of the 
concept of engineering identity, noting the importance of engineering institutions 
and educators in shaping identity. The authors found strong identity development in 
engineering students, compared to engineering technologists, and that the inclusion 

I Engineering Identities

http://dx.doi.org/10.1007/978-3-319-16172-3_2
http://dx.doi.org/10.1007/978-3-319-16172-3_3


7

of design in the engineering degree was the key to differentiating between and form-
ing this strong sense of engineering identity among engineering students. That said, 
it was the engineering technologists who described themselves as more prepared for 
work in the real world. It is also interesting to observe that the role of design in the 
process of identity formation may also account for differences in identity formation 
in those branches of engineering with more, or less, design focus and practical 
approach, and consequently the need to include a problem – and project – based 
approach in engineering degrees. 

 The term ‘technology’ has changed signifi cantly over the last decade – and in the 
media is now often used to refer particularly to information technology or 
IT. Methodological issues in the defi nition of engineering and what it is to be an 
engineer, how these terms, and ‘technology’, have changed over time, and what gets 
studied as engineering are covered in historical detail by Michael Davis in Chap.   4    . 
Davis, an astute writer on the topic, observes that engineering is a function, disci-
pline, occupation and profession (to which may be added vocation, mindset, and 
other descriptors). Such methodological issues are nontrivial for the development of 
engineering studies. Davis traces the development of engineering through military 
and civil engineering, professional occupations, and engineering institutions, as 
proponents sought to identify engineering as a discipline akin to science (viz the 
development of the “engineering sciences”), a gentlemanly profession, distinct 
from its links to and trades-based roots. Davis recapitulates previous discussion of 
such issues, and disposes of critical comment as relating more to pedagogy than 
epistemology in Popperian refutational fashion. The chapter concludes with a dis-
cussion of associated professional ethics and ethical codes. 

 Engineering ethics and identities are examined in detail in Chap.   5     by Gary 
Downey, Juan Lucena, and Carl Mitcham, with reference to the United States, 
Japan, France, and Germany. In each case the identities refl ect local context and 
trajectories: professional unity and autonomy in the United States; the development 
of corporate culture in Japan, and the notion of “ie” or “households”; the  grandes 
écoles  tradition in France and the ideal of an elite public servant; and the ideal of 
 Bildung  or humanistic education in Germany. Many of these trajectories are chang-
ing and converging with globalisation – such as the decline of the “company family” 
and rise of hiring/fi ring contract employment in Japan, where it is also interesting to 
refl ect on the issues of whistleblowing after the Fukushima nuclear disaster and 
TEPCO’s prior knowledge of problems (see, for example, Cooke 2009). On the 
international stage, it is also useful to note that the World Federation of Engineering 
Organisations, of which most national engineering organisations are members, 
developed its fi rst Model Code of Ethics in 1986, with the latest version covering 
integrity, practise, leadership, and protecting the natural and built environments. 
The Washington Accord international accreditation agreement also includes ethics 
as 1 of 12 graduate and professional attributes and competencies. 

 Before one can identify  with , fi rst there is the need to identify. The concluding 
Chap.   6     by Tony Marjoram looks at the international statistics and indicators cur-
rently available on engineering, science, and technology, with particular reference 
to the OECD data relating to human resources, research and development, and 
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 innovation. The OECD provides the main standards and collection of data on 
 science, technology, and innovation. The lack of disaggregation in the OECD data 
between science and engineering, and between scientists and engineers, is a major 
drawback, emphasizing the need for better indicators and metrics on engineering. 
Better  indicators would also promote the understanding of engineering identity, 
 epistemology, and changing modes of knowledge production, application, and dis-
semination, models of engineering education and innovation, and the broader devel-
opment of engineering studies, policy, and planning. To borrow a phrase from 
gender indicators on science and engineering, from the point of view of evidence-
based policy, where there are no data there is no visibility and where there is no 
visibility there is no priority.  
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    Chapter 1   
 The Dialectics of Engineering 

             Byron     Newberry      

    Abstract     Dialectics of engineering are here defi ned as tensions pulling the 
 engineering enterprise in opposite directions simultaneously, or ways in which 
engineering seems to be at odds with itself or with our perceptions of it. We offer 
several examples of such dialectics in the belief that they represent some of the key 
issues upon which any deeper understanding of engineering hinges. The introduc-
tion highlights an initial dialectic of scope that is encountered when it comes to 
studying the activity of engineering – that the closer it is scrutinized, the less well-
defi ned engineering seems to become. The following section features dialectics 
concerned with engineering’s identity. These include the enigma of engineering’s 
simultaneous ubiquity and obscurity in society, the question of engineering’s status 
as a distinct profession, and the tensions between the technical and organizational 
roles of engineers. Next, dialectics of engineering’s purpose are highlighted, includ-
ing a comparison of engineering ideals with practical realities, and an outline of 
engineering’s equivocal contribution to societal understanding of technology. 
Finally, a dialectic of method is presented which contrasts the inward-focused 
nature of engineering methods with the outward-focused nature of engineering’s 
purposes.  
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        Introduction 

    This book is predicated on the assumption that  engineering  is an activity that ought 
to be studied and understood, in no small part because of its critical role in the cre-
ation of modern technology, technology which we know has transformational power 
for both the natural and social structures of our world. But engineering is not some 
external agent exerting its infl uence from the outside. It is endogenous to the world 
upon which it acts. It is an emergent process that coevolves with, and is inseparable 
from its medium. And this makes the study of engineering both fascinating and 
complex. It is fascinating because of engineering’s fundamental provenance in 
human nature, expressed succinctly in the title of Henry Petroski’s book ( 1992 ),  To 
Engineer is Human , and in the words of Billy Vaughn Koen ( 2003 ), who writes, 
“[T]he engineering method is coterminous with any reasonable defi nition of the 
human species.” To truly understand engineering, therefore, is to understand some-
thing essential about humanity. 

 But this essentiality is also what complicates the study of engineering. When 
viewed as a most basic characteristic of human nature, the activity of engineering 
cannot be easily excised and examined in isolation from the larger ecology of human 
action. Like all ecological elements, it is inextricably coupled with its surroundings. 
At a very high level we might be able to create serviceable defi nitions of what it 
means to be an engineer, or to describe the products of engineering and the reasons 
for their creation. Such defi nitions of  engineering  are abstractions that we use to 
aggregate particular aspects of human activity for purposes of conceptual manipula-
tion. But as we begin to dig to deeper levels of understanding, we get the feeling that 
the more we learn about engineering, the less plainly we can demarcate it. The more 
we study its causes and effects, the less clear are the distinctions between them. This 
is because, to use the words of Levins and Lewontin ( 1985 ), “abstraction becomes 
destructive when the abstract is reifi ed and when the historical process of abstrac-
tion is forgotten, so that the abstract descriptions are taken for descriptions of the 
actual.” That is, if we investigate  engineering  as if it were an actual ontological 
entity, we are destined to be unsatisfi ed with the result.    Thus we have a  dialectic  
tension in the study of engineering – a fundamental antagonism in which our exami-
nation of the contents of the engineering box, so to speak, dissolves the box and 
intermixes the contents with its surroundings. 

 Engineering is characterized by such dialectic tensions at many levels. They exist 
in overarching questions, such as those concerned with engineering’s ultimate 
goals. They also exist in more narrow questions, such as those concerned with the 
technical methods engineering employs. Our aim in this chapter is to illuminate 
some of these dialectics – these ways in which engineering appears to be at odds 
with itself, or with our perceptions of it. We do this in the belief that grappling with 
them is central to refi ning our larger understanding of engineering. The list of dia-
lectics discussed herein is not exhaustive, nor are they all necessarily unique to 
engineering. But when taken collectively, we hope these examples will shed some 
useful light when it comes to understanding  engineering in context .  
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    Dialectics of Identity 

    Omnipresence Contra Invisibility 

 I have elsewhere used the  Shoemaker’s Elves  fairy tale as a metaphor for engineers 
(Newberry  2007 ). Like the elves’ role in the making of the shoemaker’s shoes, engi-
neers play an instrumental role in the design and production of nearly all the arti-
facts of life in a modern industrial society. A citizen of such a society is hard-pressed 
to touch or use anything during a typical day that is not either itself engineered (e.g., 
an appliance), or else was made available via engineered systems (e.g., a tomato 
purchased at the grocery store). And like the elves, the engineer’s role in the exis-
tence and availability of many of these artifacts remains largely a mystery. Samuel 
Florman ( 1996 ) calls engineering the “ anonymous   profession.” By this he literally 
means that modern engineers, unlike their historical counterparts – Henry Ford, say, 
or Thomas Edison – are rarely famous; that is, the public does not generally know 
the names of the engineers who have designed and developed the latest technologies 
that are so prominent in our lives. Rather, technologies are seen as the products of 
teams of nameless, faceless engineers. This observation is echoed in an article titled, 
“The Invisible Engineer,” in which Gary Downey et al. ( 1989 ) write that in the 
twentieth century, “Engineers lost their visibility as individuals and became instead 
corporate men buried within organizations.” 

 Engineers are also anonymous in another, perhaps more signifi cant, sense. When 
surveyed, people often correctly associate engineers with the production of certain 
iconic technologies – such as vehicles, bridges, spacecraft, computers, and electron-
ics. But those same surveys indicate that people do not know much about what 
engineers actually do. Nor do people necessarily realize engineering’s role with 
respect to the existence of the vast remainder of artifacts and products that are less 
iconically technological, such as paper clips or toothbrushes. So not only are engi-
neers anonymous as individuals, but what they collectively do at work, and how that 
translates into the resulting technologies, products, and goods, is also largely 
unclear. “Our culture’s lack of attention to the artifacts and people of engineering,” 
writes David Goldberg ( 2006 ), “causes it to misunderstand engineering education, 
engineering practice, and engineers themselves in important ways.” We might say 
that engineers and engineering are largely opaque to the public. Like the proverbial 
black box, raw materials go into engineering and artifacts come out, but no one 
really knows what goes on inside. “Though ours is an age of technology,” writes 
Petroski ( 1992 ), “the essence of what engineering is and what engineers do is not 
common knowledge.” This lack of knowledge is true even of many nascent engi-
neers. As an engineering professor, I meet frequently with high school students and 
their parents. These are students who have generally made up their minds to study 
engineering and are primarily trying to decide which school to attend. You would 
think that the decision to pursue a particular career would be based on a good under-
standing of what that work entails, but surprisingly one of the questions I am most 
frequently asked is some version of, “What is it that engineers really do?” 
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 This lack of clarity about engineering work, however, is not limited to the  general 
public. Sociologist Robert Zussman ( 1985 ) spent time shadowing engineers at work 
in order to help fi ll a void he perceived in the academic studies of the engineering 
profession. “Although there is broad convergence around the idea that what engi-
neers do is analytically important,” writes Zussman, “there is little consensus as to 
what they actually do…” And Downey et al. ( 1989 ) highlight the lack of defi nitive 
scholarship on the modern engineering profession, not only from sociologists, but 
also from historians and philosophers.  

    Unifi ed Profession Contra Diverse Occupations 

 In many countries, including mine (the USA), engineers widely consider them-
selves to be part of a   profession   . When an occupation is considered a profession, it 
connotes a somewhat privileged status in society. Professions are thought of as 
doing work critical to the well-being of society, work that requires a high level of 
education and expertise, and work which is worthy of a measure of prestige. Further, 
professions are often regulated to ensure that only those qualifi ed are permitted to 
practice, and that the practice is governed by both procedural and ethical rules 
aimed at protecting the interests of the society which the profession serves. These 
rules, in turn, are the purview of the professionals themselves; that is, because of 
their expertise, professionals are allowed the autonomy of specifying their own con-
straints. As a result, professionals tend to see themselves as having obligations to 
society that may transcend the necessities of their particular jobs. In short, a profes-
sion comprises practitioners of a discipline having a formal, shared set of qualifi ca-
tions, ideals, and obligations. 

 But engineering’s status as a profession is complicated. Much of that complica-
tion is due to the staggering diversity of engineering  disciplines   and occupations. 
This is compounded by differences worldwide in educational criteria and regulatory 
constraints. For example, if we examined the work of a biomedical engineering 
researcher, a civil engineering construction manager, and an electronics sales engi-
neer, we would likely fi nd little in common between their technical knowledge, their 
daily work activities, their work environments, their work objectives, or their 
employer types. If they are employed in the USA, for example, only one of the three 
is likely to be professionally licensed. Requirements for professional licensure for 
engineers vary by country, ranging from the non-existent to the strict. In the USA, 
certain types of engineering work require licensure, but most do not, resulting in 
approximately 80 % of engineers being unlicensed. Most unlicensed engineers 
employed by industry in the USA have accredited academic engineering degrees, 
which assures some minimal educational commonalities. Yet in the USA, as well as 
in many other countries, companies are free to employ people in jobs titled “engi-
neer” without regard to academic credentials. In France (Didier  1999 ), “almost half 
of the people working as engineers in corporations are not graduate engineers, but 
self-taught. The practice of an engineering profession is neither controlled nor 
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 regulated by French law.” It is also likely that in some companies employees with 
neither the title “engineer,” nor any formal engineering education, perform work 
substantially indistinguishable from that of engineers. In a related vein, at my own 
university there is a professor of electrical and computer engineering who holds no 
degrees in engineering – his educational background is in physics. Yet his theoreti-
cal knowledge and practical experience with electronics allow him to hold an engi-
neering title and to teach engineering. And quite likely he could qualify for many 
engineering jobs within the electronics industry. 

 Among other differences, the three engineers used in the example above would 
probably not share membership in a common professional organization – in fact, 
one or two of them may not belong to any such organization at all, despite the fact 
that engineering organizations proliferate. Florman ( 1987 ) highlights the consistent 
failure of any efforts to establish organizational unity across engineering disciplines. 
The reason, he concludes, is because the engineering community does not have 
“any discrete message.” The goals, interests, and concerns that both drive and con-
strain engineering are as diverse as the underlying technical subject matter. Rosalind 
Williams ( 2003 ) writes, “Engineering has evolved into an open-ended Profession of 
Everything in a world where technology shades into science, art, and management, 
with no strong institutions to defi ne an overarching mission.” This divergence of 
engineering disciplines and the cross-boundary diffusion between engineering and 
non-engineering fi elds occur both in engineering as a whole as well as within indi-
vidual disciplines. In an article aptly titled “Electrical Engineering’s Identity Crisis: 
When does a Vast and Vital Profession Become Unrecognizably Diffuse,” Paul 
Wallich ( 2004 ) discusses electrical engineering’s rapid divergence in many direc-
tions, some of which blur the boundaries with other fi elds such as biology, physics, 
or computer science. Wallich’s article seeks,  with little success , to identify the com-
mon thread that binds together the diversity of people who call themselves electrical 
engineers – to defi ne what it means to be one. Given this trouble establishing what 
it means to be an electrical engineer, it is no wonder that it may be diffi cult, if not 
impossible, to identify a coherent nucleus of attributes that is general enough to 
apply to all engineers  yet  specifi c enough to unequivocally differentiate them as a 
distinct professional group (at least in a more meaningful sense than as a “profes-
sion of everything”).  

    Technoscientist Contra Businessperson 

 In his book  The Ancestor’s Tale , biologist Richard Dawkins ( 2004 ) tells of salaman-
ders that inhabit the mountains that ring California’s Central Valley. The salaman-
ders, it is believed, migrated (over time) south from the northern end of the valley, 
following the two mountain chains that line its east and west sides – the valley itself 
is inhospitable to the creatures. By the time the salamanders arrived at the southern 
end of the valley, where the mountains rejoin, the east–west divergence had resulted 
in the evolution of two separate species that do not recognize each other and will not 
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interbreed. The interesting point, however, is that if we start with one of the species 
at the southern end, follow its path back north along one side of the valley, and then 
proceed down the other side of the valley back south again, we will fi nd a contin-
uum of interbreeding salamanders bounded on either end by the two distinct south-
ern species. Thus, while these two species appear clearly demarcated when viewed 
in isolation from their context, there is no such clear demarcation when the context 
is restored – that is, there is no way to determine where one species ends and the 
other begins. 

    I recount this story as a metaphor for engineering. Engineers are employed at all 
levels of responsibility within organizations, from the lowest level technical work 
to, in some cases, corporate CEO. A rank and fi le engineer doing basic technical 
tasks will interface seamlessly with his or her team leader. The team leader has 
some supervisory responsibility for several engineers, but will also be intimate with 
the technical details of their work. That team leader will also interface seamlessly in 
the other direction with a department head, say. The department head manages the 
budgets and schedules of several teams, in addition to overseeing the programmatic 
and technical objectives of the department. The department head in turn reports to a 
program manager, and so forth up the line. At each level both the business and tech-
nical aspects may be equally important – the main difference is in the level of 
abstraction with which they are engaged. The low level engineer will certainly be 
cognizant of the importance of budgets, deadlines, and other business objectives, 
but will typically engage them only in fairly abstract ways. The technical issues, on 
the other hand, are very concrete for that engineer. At a program manager level, the 
business issues are engaged much more concretely, while the technical issues are 
engaged at a much higher level of abstraction. 

 It is tempting to conclude that someone who has risen from the engineering ranks 
to the CEO level of a big corporation has ceased to function as an engineer and is 
now employed in some other capacity. We might say the CEO has become a com-
pletely separate species from a low-level engineer. But as with the chain of salaman-
ders, it is diffi cult to say where along the continuum between the two one crosses 
the line from being an engineer to being something else. Or rather than crossing a 
clear line of separation, perhaps one goes from being a whole engineer to being a 
fractional engineer, with the fraction gradually decreasing as non-technical respon-
sibilities accrue. Or, does the attempt to separate the technical from the business 
miss the mark altogether with respect to characterizing engineering? Is Goldberg 
( 2006 ) correct when he writes, “The businessperson who says that engineering is 
‘mere technology applied to the needs of business’ could more accurately be told 
that modern business is merely the application of the engineering method to the 
design of commerce?” 

 These questions highlight a long-standing tension between engineers’ technical 
and organization roles. Is engineering primarily about providing technical expertise 
or is it about accomplishing business or societal objectives with respect to technol-
ogy? Are engineers technicians or technocrats? Are they labor or management? The 
answers are not easily forthcoming. In fact, this tension extends into the realm of 
engineering education. In the USA, for example, engineering education has long 
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been heavily invested in the technical and scientifi c elements of the curriculum. But 
this emphasis is constantly challenged by voices from the engineering community 
that would prefer to see more attention given to developing engineers’ organiza-
tional leadership skills and business acumen (e.g., NAE  2004 ; Duderstadt  2008 ). 
This tension has only been heightened in recent years in the context of engineering’s 
adjustments to globalization.   

    Dialectics of Purpose 

    Ideals Contra Realities 

    The mission statement of the Institute of Electrical and Electronics Engineers 
(IEEE), one of the world’s largest engineering societies, states, “IEEE’s core pur-
pose is to foster technological innovation and excellence  for the benefi t of human-
ity ” (IEEE  2008 ). Likewise, the mission statement of Cal Tech, one of the world’s 
leading engineering education and research institutions, states, “The mission of the 
California Institute of Technology is to expand human knowledge and  benefi t soci-
ety  through research integrated with education” (Cal Tech  2008 ). This same over-
arching idealism – pursuing the benefi t of humanity/society – is common rhetoric 
for engineering organizations and institutions worldwide. This is not surprising 
coming from a discipline that aims to be a profession in the fullest sense. But is 
there substance to these claims? Against them is the reality that the benefi ts prof-
fered by engineering accomplishments are almost always attended by some mea-
sure of undesirable side effects or unintended consequences. We might even be able 
to name some products of engineering that have not worked to any reasonable pub-
lic benefi t at all. In many cases, benefi ts may be distributed inequitably, accruing to 
one group at the expense of another. For reasons such as these, public opposition 
can and does arise in response to various engineering projects or products. It is also 
important to note that the majority of engineering work is carried out by private 
fi rms aiming most explicitly at fi nancial success, not humanity’s benefi t. Some see 
engineers as being captive to these private interests, and thus limited in their ability 
to make good on any overarching professional ideals (Goldman  1991 ; Noble  1977 ). 

 So how might engineers reconcile tension between their overarching ideals and 
a somewhat different reality? One way is in the interpretation of what it means to 
 benefi t humanity . “No one claims technology is omnipotent or omnibenevolent,” 
writes Sunny Auyang ( 2004 ). In engineering, “the underlying philosophy is usually 
utilitarian.” Benefi t, therefore, comes to mean  on balance . We can accept a dose of 
negative in return for generating a greater dose of positive. Of course, as with all 
utilitarian thinking, the crux of the matter lies in how we choose to defi ne positives 
and negatives, and in what (often incommensurable) values we assign them. 
Tradeoffs have always been a staple in engineering, but they are conceived most 
often in terms of balancing quantifi able technical parameters within the details of a 
design. But how do engineers ensure favorable tradeoffs at the far more 

1 The Dialectics of Engineering



16

 consequential – yet often far less tangible – level of wide-ranging societal benefi t/
detriment? If their highest ideal is societal benefi t, and if societal benefi t is a com-
plex and contested concept, then we might imagine engineers being heavily engaged 
in discourse about it. But in the view of many observers, such is not the case. “If 
Socrates’ suggestion that the ‘unexamined life is not worth living’ still holds,” writes 
Langdon Winner ( 1986 ), “it is news to most engineers.” Winner softens that acerbic 
statement (slightly) by noting that there are exceptions. But his broad contention 
that engineers as a group are largely unrefl ective about their work remains intact, 
and it is shared by others. Richard Devon ( 2004 ), for example, writes that “it is still 
easier for engineers to understand a lot about how a technology works as a technol-
ogy, while having a limited understanding of its possible uses and its social and 
environmental impacts.” 

 It can be argued whether or not engineers are really as unrefl ective as these 
claims would have it. But even if they are, does being unrefl ective mean that engi-
neers are indifferent, or that their mission statements are simply fodder for lip ser-
vice? Not necessarily. “Every engineer I have ever met,” writes Florman ( 1987 ), 
“has been satisfi ed that his work contributes to the communal well-being, though 
admittedly, I had never given much thought to why this should be so.” Florman is 
suggesting an axiomatic presumption, perhaps instinctive to many engineers, that 
their work is organically benefi cent, at least in a utilitarian sense. Engineers tend 
toward pragmatism, a belief in progress, an action orientation, and, of course, an 
affi nity for technology. “Engineering is an inherently constructive profession,” 
writes Goldberg ( 2006 ), “attempting to make a better world through change.” Many 
engineers may tend to view engineering work as operating like a Smithian  invisible 
hand  that inexorably promotes the collective benefi t. From that viewpoint, refl ec-
tion may seem largely superfl uous – what is important is action. Of course, whether 
engineers realize it or not, the belief that technological progress will invariably 
work, in the manner of an invisible hand, for the collective good, is a disputed claim. 
So even if engineers might be absolved of any general indifference towards the 
broader implications of their work, allegations that their views are too limited may 
still be levied. Whatever the case, it is clear that signifi cant tensions exist between 
engineering’s ideals and the realities of engineering practice and technological 
development. This dialectic is a fundamental dynamic that must be grappled with in 
any quest to understand engineering in context.   

    Technological Understanding Contra Technological 
Concealment 

    It is a widely accepted premise that the public needs to be more technologically 
literate for a variety of reasons that will benefi t both individuals and society. For 
individuals, technological literacy will enhance the potential to acquire technology 
related jobs (Barus  1989 ), to make wise consumer choices, and to participate in 
public discourse about the pros and cons of technologies. Society benefi ts from 
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 having a skilled workforce capable of sustaining technological industries, as well as 
from having a citizenry capable of making informed contributions to public policy 
(Wacker  1991 ). 

 If there is a need for the increased technological literacy of people in our society, 
then it would seem patently obvious that engineers could and should play a vital role 
in helping to fulfi ll that need. After all, engineers are collectively the group most 
intimate with the workings of technologies. Toward that end, many engineering 
professional organizations have become active in seeking ways to promote techno-
logical literacy. The IEEE, just to give one example, recently launched an initiative 
called “Technological Literacy Matters!” Aside from the societal benefi ts, the engi-
neering profession has more selfi sh motives for promoting technological literacy. 
The profession is generally aware of its own public invisibility, which has led it to 
undertake efforts, such as the annual National Engineers Week in the USA, to 
enhance understanding of engineering and technology. This also aids in fi lling the 
educational pipeline with young people having the interest and preparation to pur-
sue careers in engineering – a crucial issue for the profession. 

    But with respect to the causes of technological illiteracy, an infl uential NAE/
NRC report (Pearson and Young  2002 ) makes the following statement: “Most mod-
ern technologies are designed so users do not have to know how they work in order 
to operate them.” The key word is  designed . If technologies are black boxes which 
people learn to use without any real understanding, and if that is a leading cause of 
technological illiteracy, then engineers are in some sense the architects of that illit-
eracy. Albert Borgmann ( 1984 ) coined the term  device paradigm  to describe much 
of modern technology. The device paradigm suggests that modern technologies are 
designed specifi cally to enhance the ends of the technology (such as ease of com-
munication in the case of the telephone) while removing the means from view as 
much as possible. “The concealment of the machinery and the disburdening charac-
ter of the device go hand in hand… A commodity is truly available when it can be 
enjoyed as a mere end, unencumbered by means.” Because of the powerful market-
ability of  ends unencumbered by means , engineers have been profi cient and prodi-
gious in making the concealment of means a reality, and they do so as an explicit 
design goal. 

    We are all familiar with the term  user-friendly , which we apply to a technological 
product that is easy to use and to understand. But when we say easy to understand, 
we do not mean it is easy to understand the underlying technological principles. 
Rather, we mean it is easy to understand how to get it to do what we want it to do, 
and this often is purposely divorced from any knowledge of those underlying 
 technological principles. In fact, the design trend is toward technologies that will do 
what we want them to do with less and less explicit input or manipulation on our 
part. Take for example the ideas of Donald Norman ( 1998 ), a proponent of human- 
centered computer technology. He writes, “Today’s technology imposes itself on us, 
making demands on our time and diminishing our control over our lives. Of all the 
technologies, perhaps the most disruptive for individuals is the personal computer. 
The computer is really an infrastructure, even though today we treat it as the end 
object. Infrastructures should be invisible: and that is exactly what this book recom-
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mends: A user-centered, human-centered humane technology where today’s per-
sonal computer has disappeared into invisibility.” 

 Norman echoes Borgmann in pointing out that technology imposes a cognitive 
burden on us, one which we are generally happy to relieve if possible via user- 
friendly, invisible technologies. But whereas Borgmann – a philosopher – views that 
trend with uneasiness, Norman – an engineer – celebrates it as a worthy objective. 
The more invisible the technology, the less the user has to know about it, and the 
more successful the designer. Such design goals can stem from a positive desire to 
enhance the user’s experience and productivity. On the other hand, sometimes such 
goals are couched more negatively as palliatives for users’ ignorance. An article in 
the EETimes (Wallace  2006 ), an industry newspaper for electronics engineers, 
states that technology “wants – and needs – to become transparent, if not com-
pletely invisible to today’s techless, clueless consumer.” The article refers to such 
designs as  invisible facilitation , which it says “is rapidly emerging as the design rule 
of the day.” The article implies that the  techless, clueless consumer  – i.e., techno-
logically illiterate consumer – is a problem to be solved. But the solution strategy in 
this case is not to educate consumers about technology, but rather to increasingly 
design technology to cater to consumers’ low level of technological knowledge. 
This notion of designing to compensate for users’ ignorance is illustrated, for exam-
ple, in Inagaki’s ( 2004 ) discussion of automation for transportation technologies: 
“[I]n cases of non-professional operators, such as private car drivers, it would not be 
sensible to assume that their levels of knowledge and skill are high. Their under-
standing of machine functionalities can be incomplete, or even incorrect.” 

 The intentional design for concealment of means is pervasive. In addition to 
terms such as  user-friendly  and  black box , other familiar terms which convey the 
notion of usability without understanding – and which are pursued during design as 
desirable things – include  plug-and-play ,  turnkey system ,  human-centered design,  
or  user-centered design . The great irony – the key to this dialectic – is that even as 
engineers recognize the need for, and work to promote technological literacy, in the 
context of their actual work they are caught in a spiral that works against that objec-
tive. The more engineers make their designs user-friendly, the less users need to 
know about the underlying technology. But the less users know about the underly-
ing technology, the more they demand increased user-friendliness. And so on.  

    A Dialectic of Method 

    The General Contra the Specifi c 

    In his  Metaphysics , Aristotle ( 2001 ) writes, “Actions and productions are all con-
cerned with the individual; for the physician does not cure man, except in an inci-
dental way, but Callias or Socrates or some other called by some such individual 
name, who happens to be a man.” That is, while physicians may value a general 
ideal (health) or work toward a global objective (curing the sick), their actions are 
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always local and specifi c. Engineering’s general ideals perhaps include such things 
as  progress, effi ciency, or improvement in the quality of human life. And global 
 objectives might include such items as providing energy, transportation, communi-
cations, and the like. In practice, however, engineering concentrates on the local and 
the specifi c. Localization manifests itself in two primary ways in engineering, one 
circumstantial and the other methodological. 

 Circumstantial localization – or particularity – exists by virtue of the fact that solu-
tions to engineering problems are always local and never universal. Engineering con-
centrates “on what is possible in narrow localities of the universe and defi nitely not 
everywhere” (Jarvie  1966 ). For example, if engineers design a suitable drinking water 
distribution system for a small town, they have not solved the problem of drinking 
water distribution for all people everywhere. The solution for the one town is particu-
lar; it depends on the particularities of, among many other things, the nature and qual-
ity of the local water source, the geography of the locale, the size of the town, the size 
of the town’s budget, the engineers’ inherent preferences for some materials and tech-
niques over others, and the capabilities of local construction fi rms. This is not to sug-
gest that there is no universal engineering knowledge. Certainly, much of the 
knowledge and reasoning that went into the design of the one drinking water system 
can also be applied to the design of other such systems. Nevertheless, the application 
of that engineering knowledge is always “concentrated on local conditions and their 
transformation,” conditions “which might be absolutely unique” (Poser  1998 ). To take 
another example, the engineer does not solve the problem of communications, except 
in an incidental way, but rather solves the problem of communicating a specifi c type 
of information, at a specifi ed rate and fi delity, between specifi c types of points. In fact, 
engineering cannot address generalized or abstracted problems. The fundamental 
object of engineering is to meet a set of specifi cations. And as the very word implies, 
specifi cations defi ne the concrete and particular manifestation of a problem. 

    Hand-in-hand with this circumstantial localization of the problems with which 
engineering is concerned, engineering practice invariably attacks those problems by 
engaging in methodological localization, a form of reductionism. Not only is it the 
reality that each engineering problem is unique, but at all levels within the solution 
process, from overall system analysis, to the minute detailing of individual compo-
nents, forms of reduction prevail. In order to cope with real world complexity and 
uncertainty, engineers invariably isolate, subdivide, and simplify. This reduction is 
what allows engineers to be successful. Carl Mitcham ( 1997 ) writes, “[I]t is not 
only permissible to ignore complex subtleties, but better to do so.” In Larry 
Bucciarelli’s ( 1994 ) analysis of engineering design, this notion of methodological 
localization surfaces time and again. “Object world stories,” he writes, in reference 
to the domain of thought, actions, and artifacts comprising design, “work better 
with fewer elements; abstraction and reduction go hand in hand in this business. 
Sparseness characterizes a good, workable model.” Reductionism, he concludes, “is 
the essence of technique within object worlds.” Similar observations also appear in 
Walter Vincenti’s ( 1990 ) account of engineering. He writes, for example, “Such 
successive division resolves the airplane problem into smaller manageable subprob-
lems, each of which can be attacked in semi-isolation.” 
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 By their very nature, both types of localization help engender a mindset that is 
restrictive rather than expansive, exclusive rather than inclusive, convergent rather 
than divergent. Earlier we mentioned that engineers are sometimes accused of being 
unrefl ective with respect to the broader implications of their work. It should be no 
wonder that people who are constantly engaged in the solution of concrete, particu-
lar, and fi nite problems, and who habituate themselves to solution methods that 
discretize and simplify those problems, are not as a rule always and instinctively 
cognizant of the more abstract and potentially generalized effects of those solutions. 
We might posit that when engineers visualize an overall problem as a collection of 
relatively independent subproblems, each of which has been simplifi ed and ideal-
ized, they nonetheless believe that they are manipulating actual components of 
external reality. This opens the engineer to a criticism, articulated for example by 
Larry Hickman ( 2001 ). When resolving a complex problem into component parts 
for the convenience of achieving a solution, it is a mistake, according to the criti-
cism, to view those parts as somehow unique and absolute, existing independently 
of the process that led to the parts being identifi ed and isolated – i.e., it is a mistake 
to view the use of a particular taxonomy of parts as somehow logically inevitable 
and necessary. This criticism is echoed by Levins and Lewontin ( 1985 ), who sug-
gest that this biases solutions by favoring problems that are amenable to being 
reduced in the preferred ways. 

 The danger lies in the potential to foster a belief that engineering methodology 
follows a rigidly deterministic and logical path, rather than recognizing the biases, 
contingencies, and subjective decisions that skew the process toward the expedient 
achievement of specifi c, narrow objectives. As Koen ( 2003 ) suggests, engineering 
solutions always provide the right answers, just not always to the same questions 
that were initially asked. In other words, the way in which engineering problems are 
parsed in the solution process can serve to alter the problem itself. This has ramifi -
cations for the previously-discussed dialectic of engineering’s ideals versus the 
realities of engineering practice and technological development, which this dialec-
tic tension – and sometimes disconnect – between engineering’s globalized objec-
tives and its localized methods can exacerbate.   

    Conclusion 

 In sum, the core thesis presented here is that in one sense engineering can never be 
fi nally understood because it is neither discreet nor static. Nonetheless, engineering 
can be usefully investigated and those investigations can broaden our understand-
ing – not just of engineering but of humanity in general – and we suggest that taking 
a dialectical approach can be benefi cial. In making their case for the use of dialecti-
cal thought in biology, Levins and Lewontin ( 1985 ) write, “Things change because 
of the actions of opposing forces on them, and things are the way they are because 
of the temporary balance of opposing forces.” Thus, they conclude, biological study 
advances with the investigation of these dialectical tensions. Likewise, we posit that 
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many of the key entry points for our investigations of engineering are precisely at 
such points of dialectical tension. It is important, for example, to understand the 
dynamic arising from the tension between the increasing dependence of society 
upon engineering and technology and the simultaneously decreasing understanding 
by society of that same engineering and technology. It is important, for example, to 
understand the dynamic arising from differences between what engineers say they 
are trying to accomplish, or think they are trying to accomplish, and what they actu-
ally do accomplish, or what we perceive them to have done. In this chapter we have 
not even attempted a full assessment of these or any of the dialectics mentioned – 
those concerned with our study of engineering, those concerned with engineering’s 
identity, those concerned with engineering’s purpose, and those concerned with 
engineering’s methods – space has permitted only the briefest of discussions (and 
no discussion of others that might be identifi ed – “performance/capability contra 
risk” is one that comes easily to mind). But hopefully this chapter has served to 
frame some of these key conundrums that challenge our understanding of engineer-
ing in context. The subsequent chapters of this book will explore engineering in 
more detail from a variety of angles. In the process, many will encounter and grap-
ple with various aspects of one or more of these dialectics.     
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    Chapter 2   
 ‘Nuts and Bolts and People’ Gender Troubled 
Engineering Identities 

             Wendy     Faulkner      

    Abstract     How and where boundaries are drawn between ‘the technical’ and ‘the 
social’ in engineering identities and practices is a central concern for feminist tech-
nology studies, given the strong marking of sociality as feminine and technology as 
masculine. I explore these themes, drawing on ethnographic observations of build-
ing design engineering. This is a profoundly heterogeneous and networked engi-
neering practice, which entails troubled boundaries and identities for the individuals 
involved – evident in interactions between engineers and architects, and amongst 
engineers, around management and design. There are complex gender tensions, as 
well as professional tensions, at work here. I conclude that engineers cleave to tech-
nicist engineering identities in part because they converge with (and perform) avail-
able masculinities, and that women’s (perceived and felt) membership as ‘real’ 
engineers is likely to be more fragile than men’s. Improving the representation of 
women in engineering requires foregrounding and celebrating heterogeneity in gen-
ders as well as engineering.  

  Keywords     Engineer identities   •   Heterogeneity   •   Technical/social dualism   •   Gender  

        Introduction 

 In conversation with a friend who has been an engineer for some 40 years, I discov-
ered he had worked in quite different sectors and technologies, from toy manufac-
turing to road bridge maintenance. He explained, ‘It’s all engineering really – all 
nuts and bolts.’ Then he paused for a minute and added, as if to correct himself, 
‘Well, nuts and bolts and people’. 

 Engineers have two types of stories about what constitutes ‘real’ engineering: in 
sociological terms, one is  technicist , the other  heterogeneous . For instance, engi-
neers commonly report that their biggest surprise when they started their fi rst 
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 engineering job after graduating was how little time is spent on ‘real’ engineering, 
by which they typically mean ‘calculations and drawings’. The emphasis on calcu-
lations is hardly surprising. The core of university-based engineering education is a 
mathematical approach to analytical problem solving in which problems are 
‘reduced’ to their physical properties and social complexity is pared away 
(Bucciarelli  1994 , p. 108). This training stands in stark contrast to the huge impor-
tance of ‘social’ expertise in engineering jobs, which engineers soon learn is actu-
ally vital to their work. Some, like my friend, come to view these aspects of the job 
as the more challenging and rewarding; others cleave to a ‘nuts and bolts’ identity. 
But virtually all the engineers I have met oscillate between or straddle, not always 
comfortably, technicist and heterogeneous engineering identities. 

 Social studies of engineering problematize the deep  technical/social dualism   at 
the heart of engineering identities and practice. As numerous case studies have dem-
onstrated, the knowledge mobilised in engineering practice is never ‘just technical’ 
with ‘the social’ bolted on (e.g. Bucciarelli  1994 ; Downey  1998 ; Vinck  2003 ). 
Rather, these two dimensions are in a very practical sense  inseparable  – hence the 
unhyphenated term ‘sociotechnical’ (Hughes  1986 ) – and the boundaries drawn 
between them are inevitably arbitrary. As Downey and Lucena conclude, engineers 
live ‘on the constructed social boundaries between science and society and between 
labor and capital’ ( 1995 , p. 167). But is this the full story? In this chapter, I seek to 
‘write gender in’ to these accounts. 1  How and where boundaries are drawn between 
‘the technical’ and ‘the social’ in engineering identities and practices is a central 
concern for feminist technology studies, given the strong marking of  sociality as 
feminine   and  technology as masculine  , and the continued numerical dominance of 
men in engineering in most disciplines and most Western countries (Faulkner 
 2000b ). Yet the connection is rarely made in the otherwise interesting literature on 
engineering identities. 

 This chapter seeks to redress this gap. It draws on ethnographic fi eldwork in two 
UK offi ces of a building design engineering consultancy company. This involved 
job shadowing six engineers over the course of 5 weeks, two of whom – Karen and 
Fraser – I followed for over a week each, offering many opportunities for extended 
conversation. During this fi eldwork, I was able to observe closely the routine offi ce- 
based practices of some 20 engineers, plus several meetings with external partners. 

 The design of buildings is a networked and staged process involving a heteroge-
neous array of partners – engineers (various disciplines), architects, clients, cost con-
sultants, building contractors, suppliers – each of which is vital but none of which 
could do the job on their own. Because of the complexity and scale of any major 
building, and the diverse expertise required, control is a major pre-occupation and 
relations can become very political. The engineering expertise required in building 
design is itself heterogeneous. Much of it is specifi c and can only be built up on the 
job: an appreciation of particular client/user requirements; knowledge of relevant 
products, regulations, etc; networks of contacts; and above all, a cumulative body of 

1   Other intersections of identities have been addressed, including intersections of national identities 
and engineering identities: e.g., Meiksins and Smith ( 1996 ), Downey and Lucena ( 1997  and  2004 ). 
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experience of ‘what works and what doesn’t’. In addition, building design  engineering 
demands considerable people skills – precisely because the design process necessi-
tates sophisticated management and ‘conversations’ between the diverse partners. 

 The body of this chapter examines some of the  troubled engineering identities   
and   boundary work    which fl ow from this heterogeneity. 2  It looks at boundaries 
between engineers and architects, and at boundaries amongst engineers around 
design and management. In both cases, the troubled identities refl ect very real and 
rather intractable professional and organizational dynamics; but they also refl ect 
very real and rather complex gender dynamics. These dynamics help explain both 
the persistence of  technicist engineering identities   and the tensions between these 
and heterogeneous ones. First, I open with some background on the framing of the 
study and on how I understand gender.  

    Genders in/of Engineering 

 The fi eldwork presented here was part of a larger study, ‘ Genders in/of Engineering’  , 
which sought to examine gender dynamics within engineering practices, cultures 
and identities. 3  The study was posited on the conviction that we need to know more 
about the men and masculinities in engineering if we are to understand better the 
continuing poor representation of women in engineering. By using ethnographic 
methods, it addressed the premise that the retention and progression of women engi-
neers is impaired not only because of well-rehearsed structural barriers (e.g., lack of 
fl exible work practices), but also because of more ‘taken-for-granted’ gender 
dynamics not always evident to participants. In particular, the study has identifi ed a 
number of subtle dynamics by which people come to  belong  (or not) in engineering 
communities of practice (e.g. Faulkner  2009a ). 

 In line with much feminist technology studies, I understand gender and engineer-
ing as co-constructed or  co-produced . 4  This often operates symbolically. Thus, the 
technical/social dualism does not necessarily map on to actual people and prac-
tices – which are typically diverse – yet it performs gender work. For instance, the 
‘nerd’ stereotype is of men who are passionate about technology but rather a-social. 
The fact that these two poles of the dualism are posited as mutually exclusive – to 
be technical is to be not-social – is one of the ways in which engineering appears 
‘gender inauthentic’ 5  for women, given the strong association of women/ femininities 

2   Gieryn’s ( 1995 ) concept of  boundary work  has been helpful in illuminating the constructed nature 
of boundaries around many areas of science or technology. The key analytical point is that how and 
where boundaries are drawn at any one time and place is often consequential. 
3   Faulkner ( 2000a ) indicates the framing of this larger study. In total 66 engineers were interviewed 
and/or observed; where not attributed, later claims are derived from this wider fi eldwork. 
4   This framework has been elaborated and refl ected on in: Lerman et al.  1997 ; Lohan  2000 ; 
Wajcman  2000 ; and Faulkner  2001 . 
5   The concept of ’gender in/authenticity’ is elaborated in Faulkner  2009b . 
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with caring about people. I take it as one of the valuable contributions of well 
grounded social scientifi c research that it can reveal the extent of mismatches 
between such stereotypes and actual people or practices, and so serve to destabilize 
stereotyped assumptions. For example, my fi eldwork revealed no evidence to sup-
port the common assumption that women engineers have better people skills than 
men engineers, which is an important but largely un-trumpeted challenge to the ‘to 
be technical is to be not-social’ stereotype of engineers. 

 I have coined the term  gender in/authenticity  to capture the normative pressures 
of ‘the way things are’ – pressures that lead people to expect the gender norm (in this 
case, the man engineer) and to notice when they see an exception (the woman engi-
neer). There is nothing remarkable about a man choosing to be an engineer, while the 
reactions of outsiders are a constant reminder that being a woman engineer marks 
them out as unusual. I must stress that I use the term gender in/authenticity in a non-
essentializing way. The term is not meant to imply that ‘the way things are’ can never 
change: far from it. Much of the evidence in the larger study profoundly challenges 
the presumed non-congruence of gender and engineering identities for women. The 
point is that gender in/authenticity issues are consequential; they   perform gender 
work   . Thus, the perceived gender inauthenticity of the woman engineer means that 
women engineers face in/visibility problems (cf Tonso  2007 ) which men engineers 
never experience: they tend to be highly visible as women but not as engineers, so 
have routinely to (re)establish their engineering credentials (Faulkner  2009b ).  

    Troubled Boundaries Between Engineers and Architects 

 Without exception, the building design engineers I met distinguish the professional 
orientation and interests of engineers and architects around a dualized boundary: 
architects want a building that ‘looks good’, while engineers want a building that 
‘works’. The distinction drawn – between ‘design’ and technology – is misleading. 
In practice, there is considerable overlap between the two communities in terms of 
what they actually do and know. There has to be. The form of the building has to 
accommodate all its functions, including the building services of power and water 
supply, air quality, etc. So, building design engineers and architects acquire what 
Harry Collins and Rob Evans ( 2002 ) call   interactive expertise    in each other’s spe-
cialisms in order to collaborate effectively. They also share important subjectivities: 
they both derive huge pride and satisfaction on seeing the fi nished building, and 
enjoy talking about other publicly visible buildings. 

 Mechanical engineer Karen illustrates many of these points. Unusually, her 
degree combined architecture and engineering. She describes architecture as being 
‘more design than sums’ and says she might have become an architect but ‘I felt 
more of an engineer. I was a bit too practical for architecture … I need more to 
 justify a space than “it’s the right aesthetic” – it has to fulfi l its function, it has to 
make people comfortable, it has to use the appropriate amount of energy, etc.’ Karen 
has a particular interest in low energy and sustainable building design. She asserted 
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her belief that ‘we engineers understand more about it than architects’ with some 
humour at a meeting to prepare a bid to design sustainable offi ces. The engineers 
and architects present chat about the ‘green’ gherkin-shaped building in London. 
Karen asks ‘Is there any assessment of the Atrium and how it will work? [since]  air 
doesn’t do that! ’. Eilidh, the other engineer present, explains that the architects 
behind this building ‘love arrows: blue one for cold air and red ones for hot …  They 
think they can change the laws of physics! ’. Karen joins in, lamenting the marketing 
of ‘stupid ideas that don’t work’. Perhaps sensing that the architects present don’t 
really understand the problem with arrows, she then explains, grinning, “They 
behave as if you can make air do what you want it to do! [But] cold air pushes hot 
air up. Hot air doesn’t rise –  it’s a myth!  It’s displaced by cold air, which is denser 
and needed to drive it. In a room full of hot air there is no air movement.” She laughs 
openly because, like many engineers, she identifi es strongly with the apparent cer-
tainty which fl ows from their reliance on science; she relishes the fact that such 
expertise distinguishes her from non-engineers. 6  

 The technicist professional identity Karen is expressing here is associated both 
with science and with a kind of practical materiality – something I encountered 
repeatedly amongst men and women engineers. Engineers’ educational grounding 
in mathematics and science enables them to claim an identity in the material and 
(mostly) predictable phenomena governed by ‘laws of nature’, backed up by a faith 
in cause and effect reasoning (see also Mellström  1995 ). And this same materiality 
and scientifi city enables them to claim, as the central contribution of engineering 
design, that it creates technologies that ‘do the job’. 7  This is a very empowering 
identity, in the very literal sense that buildings are empowering: they enable users to 
do things. This is why engineers in all sectors celebrate the visible outcomes of their 
work (Florman  1976 ; Hacker  1989 ,  1990 ). And it is why engineers’ practical and 
scientifi c expertise  feels  empowering to them, when contrasted with a lack of such 
expertise in others. 

 The certainty and materiality associated with science and technology can also be 
very powerful  symbolically  – with signifi cant gender connotations, at least histori-
cally. As feminist scholars have demonstrated (e.g. Merchant  1980 ; Noble  1991 ), 
achieving control and domination over nature was a central plank in the Baconian 
project – and a central justifi cation, at the time, for excluding women from that 
project. Similarly, Ruth Oldenziel ( 1999 ) has demonstrated that the strong associa-
tion of engineering with industrial technology (machines), with science and with 
corporate might, served to code engineering as heavily masculine during the period 
of its professionalization. In short, the establishment of both science and engineer-
ing involved the emergence of new versions of what Bob Connell terms   hegemonic 
masculinity    ( 1987 ,  1995 ). The ‘mastery of nature’ remains a powerful emblem of 

6   Humour ridiculing the lack of ‘technical’ knowledge amongst others is a common feature of 
engineering communities (Hacker  1990 , Chap. 4; Mellström  1995 , Chap. 5). 
7   I am not suggesting that engineering guarantees certainty. The point is that engineers see their role 
as seeking to reduce uncertainty to acceptable levels, and that the palpable successes of modern 
technologies in achieving this gives them comfort (Kleif and Faulkner  2003 ). 
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technology, both within engineering (e.g. Florman  1976 , pp. 121–26) and in wider 
culture (e.g. Caputi  1988 ). 

 Elsewhere I have suggested that engineers’ shared pride and pleasure in the tech-
nologies they build can be read as a vicarious identifi cation with the power of tech-
nologies, perhaps even a kind of  symbolic compensation  for a felt lack of power in 
other aspects of their lives (Faulkner  2000a ). It has been suggested that this might 
explain the particular appeal of engineering to men – to the degree that perfor-
mances of masculinity ‘demand’ a sense of mastery over something (Edwards 
 1996 ), and that men ‘have a problem’ with interpersonal relationships (Hacker 
 1990 , Chap. 4). Tine Kleif and I ( 2003 ) found this hypothesis to hold for some men 
but by no means all. Many women engineers I have encountered also like science 
and maths ‘because there’s always a right answer’, and many also get excited by 
‘big bits of kit!’. The fact that the theme of power resonates with hegemonic ver-
sions of masculinity does not prevent women engineers from enjoying the felt 
power of built technologies as much as men. 

  To recap     The need for ‘conversations’ between specialists in a networked design 
process creates contradictory impulses about what counts as ‘real’ engineering. On 
the one hand, all the partners have to be able to ‘meet in the middle’ in order to col-
laborate. On the other hand, engineers have an occupational interest in foreground-
ing the ‘core’ scientifi c and technical expertise which only they, as engineers, can 
bring to the design process. I have suggested that there are other subjective dynam-
ics at play here too – engineering identities strongly tied up with the actual and felt 
power of built technologies, and with the apparently certainty afforded by their use 
of mathematics and science. Whilst these subjectivities are strongly associated his-
torically and symbolically with available masculinities, they are no longer confi ned 
to men.  

     Boundary Spanning   

 In practice, some engineers are more proactive than others in their relations with 
architects. Karen enjoys working at the interface between engineering and architec-
ture, and says her job ‘is as much about people and relationships as sizing stuff’. In 
the same spirit, Karen is often animated about ‘the people aspect’ of building ser-
vices engineering, including the very real diffi culties associated with engaging the 
end user in making the building ‘work’. As she commented during the preparation 
of the sustainable offi ce bid:

  They [the client] need to think about the control system. Sustainability ends when you put 
people in! You need to train staff to ensure that the building is operating correctly. We mustn’t 
leave once it’s built. … If you don’t get buy in, the buildings won’t operate properly, and it 
will overheat. You probably need some automatic features [but] if it’s all automatic, they’ll 
also complain. You need people to like being there. …. For example, you can introduce digi-
tal displays in the building about water and energy use – so people know. It increases aware-
ness and ownership. … It’s all about people: designing buildings people can use! 
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   Eilidh also works at the engineering-architecture boundary. Later in the meeting, 
when Karen has been running through some of the requirements for water use and 
heating, she says to the architects present, ‘It’s useful to have this discussion in front 
of [the client] to show we know the subject, to show we’re not soft engineers who 
can’t deliver!’ Both women make frequent use of  the hard/soft dualism  . Eilidh com-
ments on the landscape architect’s concept of a ‘pavilion’: ‘It can sound very soft 
and not very commercial’. There is a clear value hierarchy in these quotes: hard is 
associated with being effective commercially, with the ‘nuts and bolts’ of engineer-
ing and with ‘being able to deliver’; soft is associated with ‘aesthetics’, with the 
people aspects of design and, perhaps, with idealism in relation to sustainability. 
The symbolic gendering of this ‘hard-soft’ dualism is fairly self-evident (see 
Faulkner  2000b ). What I want to emphasize here is how Eilidh and Karen are build-
ing a space in which the importance of  both  ‘hard’ and ‘soft’ issues – and the need 
for  both  ‘hard’ and ‘soft’ expertise – is acknowledged.   

    Troubled Boundaries Amongst Engineers 

 The identity work performed by engineers is wrought with tensions and contradic-
tions. Karen is clearly a ‘nuts and bolts and people’ type of engineer. Yet she sees 
maths, science and practical technology as central to her engineering identity. As 
noted earlier, the mathematical competence so emphasized in engineering educa-
tion is often all but absent in engineering practices. I was treated to many playful 
asides about this – like, ‘See, I did some sums there!’ and, after 2 days of shadow-
ing, ‘This is the fi rst calculation you’ve seen me do!’. I feel such jokes indicate a 
realistic irony, even wistfulness, about the inadequacy of the technicist version of 
engineering. They serve simultaneously to challenge and reproduce an image of 
engineering that is at odds with the actual work. The loss of a technicist identity is 
a readily recognized lament. 

 These tensions beg several questions: What do individual engineers feel about 
the mismatch between the actual heterogeneity of their work and the technicist 
focus of their education? How do they position themselves in relation to the 
(implied) technical-social scale? And what are the implications of different posi-
tionings in terms of ‘getting the job done’, career progression and perceived mem-
bership as ‘real’ engineers? The cases Karen and Fraser provide interesting insights. 

    Karen 

 Karen’s joint degree has not held back her career as an engineer. Five years after 
graduating, she was responsible for the design of the mechanical building services 
in a major iconic building, incorporating many principles of sustainability. She sub-
sequently won a prestigious national prize for this work, became chartered and was 
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promoted to a level where she could bring in new business, undertake concept 
design and run projects unaided. Like many others, however, she feels some ambiv-
alence about leaving behind the more ‘back room’ work of detailed design:

  There are weeks when I feel I’ve done no engineering at all. The person I am now is a proj-
ect manager/design manager. … Every now and then I get a craving to do some sums. It 
used to bother me more. The feeling of ‘not producing anything’ has made me unhappy at 
times. 

   Karen juxtaposes the ‘up front’ and ‘backroom’ roles in a way that echoes the 
technical/social dualism. She has a sense that her new roles are less ‘real’ engineer-
ing, perhaps because they are further away from the materiality of ‘producing’ 
things. Nonetheless, having established her engineering credentials, she now feels 
she has earned the right to concentrate on the more up front work, which she feels 
her personality is suited to. She believes people should be allowed to concentrate on 
the jobs where their strengths and interests lie. Unfortunately for Karen, this view is 
not shared by her manager, Tom, although he esteems her highly:

  Tom used the term ‘captain and cabin boy’ when I joined – i.e., we all have to do a bit of 
everything, from basic stuff through to management stuff. … Problem is, I don’t really want 
to be the cabin boy anymore – again been there, done that – and I’ve worked very hard to 
progress to a point where I don’t have to do that role anymore. … I’m more than happy to 
do the concept design and get things kicked off and then run the job, but the thought of 
spending the next several years tied to my desk detailing and personally putting tender 
packages together fi lls me with dread. … I defi nitely see my future as a project/design 
manager and not sure that I can do this within [the company]. 

   Five months later, Karen left the company in which she has had such a brilliant 
early career, for a job in project management – a move which, though still in 
mechanical building services, she sees as leaving engineering. 

 It would be wrong to view Karen’s story as a tragedy. For Karen, this will prob-
ably prove a good career move, and her obvious talent is not being lost to the design 
of new buildings. What her story does illustrate, however, is how perceptions of 
what counts as ‘real’ engineering can have a material bearing on who is and is not 
deemed to  belong  in engineering – and thus, on who gets to stay and progress. In 
part, as Karen rightly perceived, she did not ‘fi t’ because the business model of the 
regional offi ce where she now works (the captain and cabin boy) differed from that 
in the head offi ce she previously worked (where post-chartered engineers are 
 expected  to move into managerial roles and detailed design is conducted almost 
exclusively by junior engineers). In part, however, I suspect that Karen’s fragile 
membership in the regional offi ce was also due to the culture and ethic of her col-
leagues, many of whom appear to celebrate a ‘practical’, ‘nuts and bolts’ version of 
engineering. There were gasps of astonishment once when Karen admitted that 
she’d never ‘sized’ a gas pipe –  ‘You’ve got this far and never sized a gas pipe?!’ . 8  

8   Sizing here refers to the calculation needed to establish what diameter of pipe is needed for a 
particular purpose. Karen asked how to size a gas pipe because, as it happens, she’d never had to 
do it for gas before. She acknowledged their astonishment in her reply: ‘I know, but how do you 
do it?’. 
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In this setting, it seems likely that some of Karen’s colleagues were unimpressed by 
her disdain for practical and backroom jobs.  

    Fraser 

 Fraser is more in line with the culture and ethic of the regional offi ce. Like Karen, 
he works in mechanical engineering building services and is in his early 30s. He 
also has a demonstrated talent for management and up front roles. He is currently 
project managing the company’s design of building services for a major offi ce 
development. This means he plays a pivotal role between the dozen or so company 
engineers doing the detailed design and the wider network of partners in the project. 
It is the fi rst time Fraser has done so much ‘people management’ and fi nancial con-
trol. In his own time, he has developed a detailed plan for the design process – 
breaking down the jobs into tasks, with milestones and estimates of the number of 
drawings required for each. From this he worked up a spreadsheet of the hours per 
month needed from everyone on the job. These two documents are bound together 
with selected drawings marked up to show areas of fl exibility. The whole document 
is half an inch thick. Fraser gave copies to all staff on the project, ‘so they own it and 
know where their work fi ts in and have personal targets’. 

 This very heterogeneous reality of Fraser’s work does not sit entirely comfortably 
with him, however. Coming out of an on-site design team meeting one day, he 
expressed deep disdain for the role of the contractor manager who chaired the meet-
ing. When I commented on the man’s ability to ‘keep it all in his head’, Fraser’s 
immediate and pained response was ‘But that’s  all  he does is manage!’ There is a 
similar feel to a later comment: ‘They [the contractors] will never get blamed because 
all they do is management contracting; the subbies [the subcontractors] do the work.’ 
By implication, then, the  real  work is designing and building, not managing. So for 
Fraser, there is a tension between design and management, where for Karen it is 
between backroom and up front roles. But both of them experience the move into 
management as a move  away  from engineering. Fraser laments that he now gets to 
do less and less engineering (i.e., design), and frequently voices the heartfelt view 
that engineering should attract the same kudos and pay as management. 

 Science and technology are both part of Fraser’s engineering identity. The sci-
ence connection surfaces in the way he dualizes ‘facts and politics’. Time and again 
he fi nds himself having to operate politically, but he is clearly more comfortable 
when he can ‘stick to the facts’. Fraser presents the ‘technological’ part of his engi-
neering expertise identity in terms of a focus on the design work. For example, in a 
telephone conversation with a contractor to whom the company is bidding in order 
to pair up for a major hospital project, Fraser says they need to talk ‘with the people 
responsible for managing and delivering the thing as well as the nuts and bolts’. He 
then suggests ‘an informal meeting with everyone chipping in … That’s what I like. 
I’m more of a nuts and bolts person, than sitting talking about the thing. It’s all 
about delivery at the end of the day’.  
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    Design and Management 

 The story of this bid is interesting for what is illustrates about the troubled boundary 
between management and design. 9  There are two internal teleconferences – with 
three directors and two senior engineers, Fraser and Peter, from different offi ces of 
the company – to brainstorm their strategy for the bid. Everybody present  recognizes 
that management and design need to be  integrated  if the design is to be ‘delivered’. 
Yet the distinction between management and design runs throughout the  preparatory 
discussions, with ‘delivery’ emerging as an ambivalent boundary term. 

 The management challenges in the hospital project are considerable. But whilst 
the team know they must have a convincing story to tell about this, time and again 
they come back to the need to demonstrate their ‘design depth’ – especially because 
the people they have to persuade in this bid are contractors. Tom emphasizes this: 
‘At some point, we will talk about design and delivery, and we will want depth in 
the meeting. … They will talk nuts and bolts. They’ll want to know what your [wav-
ing to Fraser and Peter] duct drawings look like.’ Peter has extensive experience of 
project management but, like Fraser, cleaves to a  ‘nuts and bolts’ engineering iden-
tity   – perhaps because he comes from a contracting background. He is asked to lead 
this side of the bid. Unlike Karen, Peter does not relish the role. He replies: ‘Good 
designers don’t necessarily do well up front. … I’m not necessarily the man for the 
job. I’m not comfortable with strangers. My confi dence is in my technical ability’. 
Seeking to persuade him, one of the directors then suggests, ‘I could be the project 
director, delivering some up front bullshit, alongside Peter as the bid manager’. 

 In some ways, the relationship between the directors and senior engineers is 
similar to that between engineers and architects. The two must be able to work 
effectively together, but without losing their respective strengths – the directors, 
their ‘up front bullshit’, business experience and networks of contacts; and the 
senior engineers their day-to-day, ‘hands on’ control and knowledge of design proj-
ects. The directors would fi nd it hard to ‘talk engineering’ in specifi c detail with the 
contractors; they need the two senior engineers to be ‘nuts and bolts’ people in the 
context of the bid. But if the company  is  to deliver the eventual hospital design, 
Fraser and Peter will need to be what they in fact are – ‘nuts and bolts and people’ 
engineers – at which point their staff, and not they, are cast as the ‘nuts and bolts’ 
engineers. 

 We see here the fl uidity of management-design boundaries within engineering. 
In both cases, engineers are attributed a technicist engineering identity in contrast to 
colleagues senior to them, while the directors and the senior engineers are manag-
ers, albeit with somewhat different management roles. At the same time, they are 
both still ‘doing engineering’ in these management roles. For example, Tom rou-
tinely reviews the designs of his staff and makes presentations of their work to 
architects or clients. In such ways, while engineers need interactive expertise in 

9   Notice how ‘design’ is used in relation to engineering when the contrast is with management, but 
in relation to architecture when it is contrasted with engineering. 
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relation to architecture, they use what Collins and Evans call  referred expertise  as 
managers. 10    

    Gender Trouble Around ‘Real’ Engineering 

 Karen and Fraser have much in common beyond their shared discipline and age. 
Both are relatively senior, respected by their peers and managers alike; both are 
hardworking and ambitious; both do a lot of up front and managerial work and have 
good people skills; both have engineering identities rooted in science and technol-
ogy; and both lament the loss of ‘real’ engineering work to some degree. The main 
difference between them is that Fraser is still trying to hold on to some of the ‘nuts 
and bolts’ work and has a strong sense of this as central to his engineering identity, 
whereas Karen is moving away from the ‘nuts and bolts’ of design and doesn’t fore-
ground this in her engineering identity. And in this particular company, Karen has 
had to leave in order to continue doing the type of engineering work she enjoys, 
whereas Fraser is likely to stay and progress through the ranks. 

 In drawing a comparison between the two, I do  not  wish to imply that Karen is 
typical of women engineers and Fraser of men engineers: plenty of men engineers 
happily gravitate away from backroom, design roles and plenty of women engineers 
prefer these roles. Rather, I see the cases of Karen and Fraser as illustrating  how 
gender symbols co-produce,  alongside professional drivers,  engineering identities.  

 Most obviously, the ‘nuts and bolts’ identity paraded by Fraser and others takes 
its marker from hands-on work with technology; it is modelled on the technician 
engineer, virtually none of which are women. This identity therefore resonates with 
a working class ‘muscular masculinity’. Its blue collar associations may be a par-
ticular draw for engineers in the UK, where professional engineering attracts more 
working class entrants than in other countries (Whalley  1986 ), many coming in 
through apprenticeships. In addition, the blue collar associations are especially 
prominent in relation to building contractors, who generally have a stronger  working 
class presence and culture than does design engineering. Yet, even in countries 
where fewer engineers come from blue collar backgrounds, it seems common for 
men engineers to celebrate a ‘nuts and bolts’ identity. In their extensive study of 
engineers in the USA,  Judith McIlwee and Gregg Robinson   ( 1992 ) found that men 
engineers often engage in ‘ritualistic displays of hands-on technical competence’ 
even when the job does not require this competence. 

 So, the traditional association of men and engineering tools still marks profes-
sional engineering as masculine, which makes ‘nuts and bolts’ feel ‘manly’. This 
does refl ect a real, if diminishing, gender difference. ‘Tinkering’ with car engines 
and the like has long been a typical route into engineering for men (e.g., Mellström 

10   Thus: ‘to manage a scientifi c project at a technical level requires, not contributory expertise to the 
sciences in question but  the experience  of contributory expertise in some related science’ (Collins 
and Evans  2002 , p. 257: emphasis original). 

2 ‘Nuts and Bolts and People’ Gender Troubled Engineering Identities



34

 1995 ). Although a growing proportion of those now entering engineering do not 
come from a tinkering background, and although some women opt for hands-on 
work, still considerably more men than women engineers have been socialized into 
a hands-on relationship with technology. As many women engineers testify, this can 
seriously undermine their confi dence and their sense of belonging, especially when 
they fi rst enter engineering degrees. 

 The term ‘practical’ seems to me very gender-troubled in this context. As we 
have seen, both women and men engineers celebrate a ‘practical’ engineering iden-
tity – practical in the sense that as engineers they come up with solutions that ‘get 
the job done’. Yet many of the women engineers I have met tell me, unprompted, 
that they are ‘not practical’ – practical in this context meaning that they do not have 
a strong background or interest in ‘hands-on’ aspects of engineering. 

 Signifi cant though the ‘hands-on’ theme certainly is, the gendering of engineer-
ing identities is rather more complex than this, on a number of counts. For a start, 
women and men engineers both foreground technicist engineering identities, and 
science is an important marker of these identities for women and men alike. I sense 
that most women engineers foreground science more than ‘nuts and bolts’ in their 
engineering identities. This is not terribly surprising. The gender norms surrounding 
science are less strong these days than those surrounding ‘nuts and bolts’ technol-
ogy, in the obvious sense that there are vastly more women scientists than women 
technician engineers. Yet, the strong emphasis on practical materiality – of design-
ing things that work – is shared by all engineers. This is a unifying theme of both 
the ‘nuts and bolts’ and the ‘laws of physics’ versions of technicist engineering 
identities – and so cuts across the heavy masculine coding of the former. 

 Another source of gender complexity is that the two versions of ‘real’ engineer-
ing with which I opened this chapter are associated with two very available versions 
of masculinity. Where the technicist engineering identity takes its marker from sci-
ence and technology, the heterogeneous identity takes its marker from corporate 
authority and business. It is modelled on the senior manager or entrepreneur, of 
which relatively few are women. Like engineering, senior management is a materi-
ally powerful role, but here the power wielded is a money power or organizational 
power rather than a physical power. A man engineer who moves into management 
may lose his credentials as a ‘nuts and bolts’ engineer, and unsettle the blue collar 
associations, but he does not lose his credentials as a man. If anything, he gains in 
this regard, since the authority wielded by managers, and the money made in 
 business, are widely applauded markers of achievement in men (Connell  1987 , 
 1995 ) – what Michel Kimmel ( 1994 ) calls   marketplace manhood    .  

 Why, then, does Fraser parade a technicist engineering identity even when his 
job is so heterogeneous? Why is he so reluctant to embrace an identity more consis-
tent with his growing management role? Many oilfi eld engineers I studied also 
voice disdain for ‘collar and tie’ men. Two of them independently told me they dis-
like the career model that moves engineers from being specialists to generalists in 
management. Like Fraser, their gender identity is closely tied up with technology. If 
their ambitions could be met by staying in more narrowly technical roles, they 
would probably not opt to go into management. However, as well as being  ambitious, 
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all three men get excited by (feel vicarious pleasure in) the ‘money power’ of the 
businesses they work for, which is precisely what management gets them closer to. 
So they are torn between identifying with technology and getting on in engineering, 
between the power of technology and the power of the corporation. 

 Of course, such ambivalence is not unique to the engineering profession. People 
in many walks of life have to move progressively into management and away from 
their original specialist skills if they want to progress their careers. These are orga-
nizational drivers. But I believe a further, gender dynamic may be operating here – 
namely, that the gender symbolism surrounding management is itself somewhat 
ambivalent. There are two, readily gendered dualisms operating here: hard/soft and 
technical/social. Note that the people skills required for management are widely 
referred to by engineers as ‘soft’ skills, in contrast to the ‘hard’ skills required for 
engineering. But management is also an arena of ‘hard’ commercial reality – readily 
cast as hardnosed, hard hitting and so on – as earlier quotes from Eilidh and Karen 
remind us. The gender connotations are clear. Management and business is likely to 
feel, and be perceived as, more ‘masculine’ (and more gender authentic for men 
engineers), to the degree that these roles carry real authority over others and/or deal 
with profi t and loss aspects of running the business. Management and business is 
likely to feel, and be perceived as, more feminine (and more gender authentic for 
women engineers) to the degree that these roles draw heavily on interpersonal skills. 

 Where ‘the technical’ and ‘the social’ are gendered and presumed to be mutually 
exclusive, the technical/social dualism similarly creates tensions for men engineers 
doing or contemplating management roles. It means that identifying with ‘the tech-
nical’ (masculinity) means distancing oneself from ‘the social’ (femininity) – or at 
least playing down its importance, as Fraser does in relation to management. It also 
explains why management roles are portrayed as ‘just’ social by many women and 
men engineers. For men whose gender and engineering identity is tied up with tech-
nology, a move into management potentially undermines both their masculine and 
their professional identities. 

 The technical/social dualism also creates tensions for women engineers. On the 
one hand, it means that moving out of narrowly technical roles is likely to feel, and 
be perceived as, more gender authentic for them than for men. On the other hand, it 
means that those women who move away from the more narrowly technical aspects 
of engineering are in greater risk of losing their membership as ‘real’ engineers than 
are men who make the same move. Two older women engineers told me that women 
engineers who become senior managers are more likely to stop calling themselves 
engineers than are men who make the same move. It seems the gender authenticity 
issue never quite goes away for women in occupations dominated by men. 
Signifi cantly, the tendency for women engineers to be invisible as engineers (cf 
Tonso  2007 ) can serve to reinforce a technicist identity amongst women engineers, 
many of whom choose to stay on the ‘technical’ side. After all, engineering gener-
ally attracts women who ‘love technology’ and all women engineers  per force  make 
a huge investment in becoming and belonging as engineers. 

 Evidence on the types of management jobs women and men engineers end up in 
reveals an interaction of the gendering of these two dualisms – hard/soft and 
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 technical/social – in a pattern Mike Savage calls ‘Women’s expertise and men’s 
authority’ ( 1992 ). It seems engineering is typical of other occupations in that men 
disproportionately occupy positions of power and authority where they are involved 
in high level line management and the control of organizational resources, whilst 
women are disproportionately in management of support roles which demand spe-
cialist expertise (e.g., in charge of IT systems). 11  Women engineers also tend to get 
stuck in lower level management jobs, such as project or team management, which 
can be dead-ends in terms of progression into more powerful and remunerative seats 
of management (Evetts  1993 ,  1996 ). 

 The upshot of all this is that Fraser’s membership as a ‘real’ engineer is likely to 
remain more solid, and Karen’s more fragile, as they each move progressively from 
design into management. And Karen’s move into management is more likely to be 
seen as – and sadly, in the case of her recent job move, to feel like – a move away 
from engineering, in spite of her obvious credentials on that front. In this regard, I 
would conclude, we  can  see Fraser and Karen and ‘typical’ of their gender.  

    Conclusions 

 We can now return to our opening challenge – to ‘write gender in’ to accounts of 
heterogeneity in engineering identities. A key question is:  why do engineers so often 
foreground a technicist engineering identity in spite of the lived heterogeneity of 
their actual work?  Clearly a key professional factor is that the ‘core’ expertise in 
scientifi cally-based analytical problems solving which engineers get from engineer-
ing education, in their unique professional contribution in a networked design pro-
cess. But there are also two critical gender factors operating here. 

 First, technicist engineering identities are as strong as they are in part because 
these identities converge with available masculinities, in at least two ways: they 
brings them close to a sense of hands-on technical work (even though they rarely do 
this themselves); and it makes them feel powerful (they make ‘buildings that work’). 
Thus, many men engineers cleave to a technicist engineering identity because it 
feels consistent with versions of masculinity that are comfortable for them. Whilst 
most women engineers also take pleasure in and identify with the material power of 
the technologies they build or work with, the majority nonetheless identify more 
readily with the science base of engineering than with hands-on engineering. 

 Second, the  conventional gendering of the technical-social dualism   simply can-
not be ignored if we are to understand the strength of technicist engineering identi-
ties – and, by this token, the continued predominance of men in engineering. The 
technical/social dualism makes it easier for men to identify with the ‘nuts and bolts’ 
of engineering, and casts people skills as ‘soft’, for women. The tendency to see ‘the 
technical’ and ‘the social’ as mutually exclusive is likely to reinforce some men’s 
resistance to embracing a heterogeneous engineering identity. In any case,  presenting 

11   See also Halford et al ( 1997 ) on gender segregation of management roles in other sectors. 
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as a ‘nuts and bolts’ person is rather more ‘gender authentic’ symbolically for a man 
than for a woman in our culture; just as moving away from the ‘nuts and bolts’ is 
rather more ‘gender authentic’ for a woman than a man. Little wonder that women’s 
membership as ‘real’ engineers is often more fragile than that of men colleagues. 

 Notwithstanding the pull of technicist identities, engineers routinely experience 
contradictory impulses about how much of ‘the social’ is admitted in their engineer-
ing identities and in what counts as ‘real’ engineering. A second key question, then, 
is:  why are the tensions surrounding the two versions of ‘real’ engineering so appar-
ently intractable, and what are they about?  

 Again there are gender dynamics operating alongside professional and organiza-
tional ones. Professionally and organizationally, there is a tension between the need 
for engineers’ ‘core’ expertise in maths, science and technology, and the need for 
them to also be able to collaborate and communicate effectively with the other part-
ners in a networked design process. In a similar way, there is a mutually dependent 
but partially overlapping relationship between those engineers who do more design 
and those who do more management. 

 The gender tensions operating around technicist and heterogeneous engineering 
identities concern men and women engineers in different ways. For men engineers, 
tensions can fl ow from the fact that the two versions of masculinity that these engi-
neering identities map so readily onto are  very distinct : one associated with technol-
ogy, the other with business. Although these are both in some sense hegemonic 
masculinities, they are not necessarily compatible for all men, as Fraser’s story 
illustrates. For women engineers, tensions can fl ows from the very gender inauthen-
ticity of the woman engineer, which means that women engineers have a constant 
struggle to prove that they are not only ‘real engineers’ but also ‘real women’ 
(Faulkner  2009a ). In this context, moving away from narrowly technical roles is a 
case of ‘damned if you do, damned if you don’t’. 

 My central conclusion from this analysis is that engineering as a profession must 
fi nd ways to foreground and celebrate heterogeneous understandings of engineering 
and heterogeneous engineering identities. There are two really strong reasons for 
this conclusion. 

 First, that is what engineering is! Every aspect of engineering is heterogeneous; 
even the most apparently technical roles have social elements inextricably within 
them. Moreover,  good  engineering (as in engineering which is effective) demands 
the thorough integration of these elements, in ways which  transcend  the normal 
 dichotomizing ways of thinking  . Witness, Eilidh’s mission to integrate ‘hard’ and 
‘soft’ elements in sustainable building design; and the hospital bid team’s mission 
to integrate management and design if the hospital is to be ‘delivered’. The crucial 
and (for some) radical challenge is to convey that all engineering is, of necessity, 
 both  technical and social. 

 Second, foregrounding and celebrating more heterogeneous images of engineer-
ing can only serve to make the profession more inclusive. Engineering encompasses 
a wide diversity of roles, in which the relative weight of technical and social ele-
ments (amongst other things) varies along a spectrum. Within this ‘broad church’, 
individuals tend to gravitate to roles which suit their particular skills and    personality. 
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As we have seen, some are more comfortable with the ‘up front’ roles and others 
with the ‘backroom’; some are more comfortable interacting with contractors and 
suppliers, and others with architects and clients. If the profession does not promote 
an identity for itself which welcomes this broad range of interests and aptitudes, 
then it will fail to attract some very valuable talent. And if the profession remains a 
‘mono-culture’, in which only people from one spot on that spectrum really feel 
they belong, then it will lose some very valuable talent. 

 So, promoting heterogeneous images of engineering will create space for a more 
diverse range of people to be engineers. If such moves are to be more  gender  inclu-
sive, however, they must also challenge the gendering of ‘the social’ as feminine and 
‘the technical’ as masculine – and thus promote new ‘co-constructions’ of gender 
 and  engineering simultaneously. 12  In the words of Evelyn Fox Keller many years 
ago ( 1986 ), we need to learn to ‘count past two’. Counting past two is about chal-
lenging the very dualisms that (re)produce women and men as necessarily different, 
and engineering as necessarily technical or social. As my ethnography of building 
design engineering demonstrates, heterogeneous engineering requires heteroge-
neous genders – in the sense that it requires various mixes of stereotypically mascu-
line and feminine strengths.     
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    Chapter 3   
 Designing the Identities of Engineers 
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    Abstract     In 2007 Gary Downey, Juan Lucena and Carl Mitcham argued that a “key 
issue in ethics education for engineers concerns the relationship between the iden-
tity of the engineer and the responsibilities of engineering work”. They suggested 
that “one methodological strategy for sorting out similarities and differences in 
engineers’ identities is to ask the ‘who’ question. Who is an engineer? Or, what 
makes one an engineer?” (Downey et al. 2007). This chapter explores these ques-
tions of  who is an engineer  and what  makes one an engineer  by examining how 
engineering and engineering technology students in Dublin Institute of Technology 
(DIT) describe and differentiate themselves. DIT offers both 4-year engineering 
degrees (that are equivalent to the educational standard required for professional 
status) and 3-year degrees in engineering technology. Annually DIT graduates the 
largest combined number of engineering and engineering technology majors in the 
country. We present results that show that there is no distinct sense of identity for a 
technologist. For faculty as well as engineering students and engineering technol-
ogy students, design is perceived as a key differentiating activity that separates the 
engineer from the engineering technologist. Paradoxically, while all students chose 
DIT based on its reputation and practical focus, it is engineering technology stu-
dents who indicated they are prepared for the ‘real world’ as they near graduation. 
Results also show, in terms of their own responses, that engineering and engineering 
technology students have fairly consistent views of their education and preparation 
for the workforce.  
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        Introduction 

 In the foreword to a book by Sheri Sheppard et al. on educating engineers, Lee 
Shulman related an anecdote in which a number of senior (i.e., fi nal year) engineering 
students from a highly regarded public university were asked to characterize the 
engineer’s place relative to other professions by answering the question “What’s an 
engineer?” Shulman explained:

  Their response – collaboratively crafted and framed – was unforgettable: “An engineer is 
someone who uses math and the sciences to mess with the world – by  designing   and making 
things that people will buy and use; and once you mess with the world, you are responsible 
for the mess you’ve made” (quoted in Sheppard et al.  2009 , p. ix). 

   Engineering education has evolved differently in various countries. In the United 
States, engineering education has developed two broad streams: engineering and 
engineering technology. There, differentiation between the two streams is generally 
described by way of a theoretical-versus-applied approach, with different accredita-
tion criteria for each. Graduates are differentiated by the name of the degree they 
earn (bachelor of engineering as opposed to bachelor of technology). In Germany, 
engineers are educated in technical universities and in universities of applied sci-
ences ( Fachhochschulen ). Their differentiation is similar to that in the USA, being 
along a theoretical-applied continuum, but graduates of both the universities and the 
universities of applied sciences earn engineering degrees. 

 Ireland provides an interesting example of these two typical ways of differentiat-
ing “ engineering technology  ” from “engineering”. This country has distinguished 
the two based on the relative levels of theory and application they offer. The separa-
tion along the theoretical-to-applied engineering continuum aligns structurally with 
the university-institute of technology dimension, with universities providing more 
theoretical “engineering” degrees and institutes of technology generally offering 
more applied “engineering technology” programs. But within  Dublin Institute of 
Technology,   programs at both levels are offered. Further, there is a well-established 
transfer route from engineering technology programs onto engineering programs. 

  DIT   differentiates between traditional 4-year degrees in engineering (that are 
accredited as professional engineering programs) and 3-year degrees in engineering 
technology. This differentiation is made at enrolment, where engineering students 
are required to have earned higher college entrance exam scores than engineering 
technology students (based on Ireland’s Leaving Certifi cate examination). The sin-
gle largest differentiating factor between the incoming classes of engineering stu-
dents (4-year cycle) and engineering technology students (3-year cycle) is in their 
mathematics ability at entry. To enroll in a 4-year engineering program directly 
from second-level school requires each student to achieve a minimum C3 grade in 
higher-level mathematics. To enroll in a 3-year engineering technology program 
requires a passing grade of D3 in lower-level mathematics. Survey responses con-
sistently show that a signifi cant percentage of students enroll in engineering tech-
nology at DIT because they want to become engineers but have not achieved the 
minimum mathematics standard in their Leaving Certifi cate examination. Upon 
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completion of their 3-year program, students can apply to transfer onto the junior 
year (third year) of the 4-year engineering program, which they are allowed to do 
provided they achieve a minimum threshold grade. Consequently, approximately 
50 % of graduates from engineering technology programs transfer onto engineering 
programs. 

 What we set out to examine were the similarities and differences between how 
the two groups of students – engineering and engineering technology – describe 
themselves. Do the engineering technology students see themselves as engineers, 
technicians, or technologists? Are there common factors in the identity of engineer-
ing students across disciplines, or are  identity factors   discipline-specifi c? In this 
chapter, we examine the identities of students who are about to graduate in order to 
understand: (1) why the students chose to study engineering in the fi rst place, (2) 
how their engineering teachers see, describe, and characterize the identity of their 
students and future graduates; and (3) how these students see and describe them-
selves as engineers, or  technologists  . We used Ireland’s accreditation standards for 
each of the two different degree programs as a guide to writing a number of the 
survey questions, because we wanted to gauge if the differences (implied in the 
standards) were detected by the students themselves.  

    What Is  Identity  ? 

 Self-identity can be seen as the conception individuals develop of  who  and  what  
they are (Tony Watson  1997 ). Identity develops in the course of interactions with 
others. In a sense, an individual’s life can be seen as a  career  during which the per-
son moves through different situations, interacts with others, and adjusts to achieve 
a sense of selfhood. Watson ( 1997 ) asserts, “self-identity is constantly in the process 
of being won from the social environments in which we fi nd ourselves” (p. 129). 

 There are two broad dimensions to identity formation: the invented and the con-
structed. Identity is a social product. It is continually appropriated by individuals for 
themselves as well as bestowed on individuals by others (Kerry Meyers et al.  2010 ; 
Paul Thompson and David McHugh  2002 ). People actively construct their identities 
out of the materials presented during social activities and in their various roles. 
Individuals engage in securing identities that can provide personal stability and help 
in directing their activity. Identity is thus a tool people use; it helps them project 
images appropriate to the specifi c social, cultural, and work contexts they encoun-
ter. There are, however, limits to this active creation of identities. The typifi ed self 
tends to be created from factors that arise in various social situations that fall into 
specifi c categories. 

 Watson ( 1997 ) has identifi ed two aspects of individual identity. The fi rst is self- 
concept involving such matters as self-effi cacy, self-esteem, and self-confi dence. 
According to Robin Leidner ( 2006 ), this can be derived from the experience of 
education or work providing the “satisfactions of feeling oneself competent to 
accomplish one’s intentions, overcome diffi culties (and) create something” (p. 436). 
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The second is a social identity that includes various attitudes, values, beliefs, and 
commitments in relation to society and social institutions. Personal values are infl u-
enced by the culture of society and the groups within it; our social and professional 
identities are often shaped by occupational culture. 

 Personal and social identities are inevitably intertwined. For example, Leidner 
( 2006 ) asserts participation in an occupational culture “frequently involves an 
explicit reframing of self-identity as well as development of a new collective iden-
tity” (p. 436). She makes the point that in well-defi ned occupations, processes of 
initiation are explicitly intended to transform the identity of newcomers:

  Novices gain skills and a body of practical and… abstract knowledge. When socialization 
is successful they also learn and internalize the occupation’s ideology, ethos, traditions, 
and norms, including criteria for judgment, craft pride, and rules for interacting among 
themselves and various others. (Leidner  2006 , p. 436) 

   The literature identifi es two broad approaches to identity formation (see Jan Stets 
and Peter Burke  2000 ): (1)  identity theory  which focuses on roles and the manner in 
which individuals (through a process of identifi cation) come to occupy a role and 
incorporate the meanings and expectations associated with that role into their sense 
of ‘self’, and (2)  social identity theory  where the emphasis is on group membership 
and self-categorization by individuals to identify themselves as members of particu-
lar groups. In this, “Having a particular social identity means being at one with a 
certain group, being like others in the group, and seeing things from the group’s 
perspective” (p. 226). 

 They argue for a more integrated view of the self and assert the differences 
between these theories are more of  emphasis  than of  kind :

  In general one’s identities are composed of the self-views that emerge from the refl exive 
activity of self-categorisation or identifi cation in terms of membership in particular  groups  
or  roles … theorists in both traditions recognise that individuals view themselves in terms of 
meanings imparted by a structured society…. Both identifi cation with a social category and 
role behaviour refer to and reaffi rm social structural arrangements (Stets and Burke  2000 , 
pp. 225–226, 232). 

   This is not simply an issue of personality; organizational, institutional, and situ-
ational factors play a role in shaping identity (Olga Pierrakos et al.  2010 ). 

 We can conclude that ‘being’ and ‘doing’ are both central features of one’s iden-
tity. Moreover, central questions to ask in exploring engineering identities are: who 
is an engineer, what does an engineer do, what does performing the role of an engi-
neer entail, and what are the responsibilities of engineers? Drawing on Michael 
Hogg and Deborah Terry ( 2000 ), Kevin Anderson et al. ( 2010 ) argue that engineer-
ing groups imagine archetypes that capture dependent features of group member-
ship which are abstractions of group features: “These archetypes then show what 
the group values and serve to distinguish the ways of doing and thinking of one 
group from another” (p. 157). 

 The approach described above requires us to focus not just on the emerging 
identities of  engineering graduates   but also on the way that the role of the engineer 
is socially constructed within different societies and how that role is reproduced (or 

M. Murphy et al.



45

challenged) for each new generation of engineers. A key focus must be on engineering 
education because “formative processes in education serve as key locations for 
negotiating and renegotiating of the relationship between the person of the engineer 
and the defi nition and responsibilities of engineering work” (Downey et al.  2007 , 
p. 466). In the course of obtaining education, students will develop technical and 
professional expertise but will also “undergo changes in their identity and self- 
conception of what it means to be an engineer” (Pierrakos et al.  2010 ). Thus, 
Downey et al. ( 2007 ) say, engineering educators typically bear primary responsibil-
ity for addressing and answering the question: What does it take to become a good 
engineer? 

 Of course there may be more than one answer to this question arising from 
national differences in the organization of engineering work and different approaches 
to the education of engineers. The two issues are clearly linked. Engineering, and 
technical work, is structured differently in different societies and the processes that 
reproduce the engineering and technical workforce also differ. The manner in which 
engineers are formed has implications for their understandings of their roles and 
their relationships with other groups – especially management (see Peter Meiksins 
and Chris Smith  1996 ; Chris Smith  1987 ). It may be the case that the professional 
identity of engineers is weak, as other forms of self-categorization and identifi cation 
have greater signifi cance. This is a collective issue and not just an issue for indi-
vidual engineers. Such is the case in Japan, where engineers have traditionally iden-
tifi ed with the enterprise where they are employed rather than their profession 
(Downey et al.  2007 ;    Meiksins and Smith  1996 ). National variations in the pro-
cesses for reproducing engineering work and engineers led Meiksins and Smith 
( 1996 ) to conclude it may be “impossible to develop a defi nition of what an engi-
neer is, or where the boundaries of engineering lie, which would apply to all indus-
trial capitalist societies” (p. 3). 

 Andrew Jamison ( 2013 ) has mapped the relationship between different 
approaches to engineering education and different archetypes of engineering iden-
tity. He identifi ed three broad approaches to engineering education: science-driven, 
market-driven and socially driven. These are related to three aspects of identity: 
academic, commercial and hybrid. However, in most societies these ideal types do 
not exist in a pure form. 

 Indeed the identifi cation of defi ciencies associated with the science-driven model 
has led to the development of a second layer of market-driven engineering educa-
tion in many countries. It is aimed at the production of “more practically trained 
engineers” (Meiksins and Smith  1996 , p. 245). The development of institutes of 
technology in Ireland can be seen to fi t into this pattern. The  Mulcahy Report  ( 1967 ) 
set out the rationale for their formation in the following terms:

  We believe that the long-term function of the colleges will be to educate for trade and industry 
over a broad spectrum of occupations ranging from craft to professional, notably in 
engineering and science but also in commercial, linguistic and other specialities. They will, 
however, be more immediately concerned with providing courses aimed at fi lling gaps in 
the industrial manpower structure, particularly in the technician area. 
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   This fi ts in with a pattern – that can be identifi ed in a number of countries – whereby 
the state defi nes various categories of technical worker based on the abstract-practical 
continuum. This increases the degree of hierarchy in technical labor, so that the 
workforce becomes “stratifi ed by credentials and mode of entry into the technical 
workforce” and a direct correspondence emerges between the “the type of qualifi ca-
tion possessed and the engineer’s position in the division of labour” (Meiksins and 
Smith  1996 , p. 240). This leads to a more fragmented occupational community for 
engineering. 

 Cutting across issues related to the structure of the engineering workforce are 
debates about what characterizes a good engineer. What makes a good engineer is 
contested (see Matthew Wisnioski  2012 ). Debates in engineering education have 
focused on shortcomings of traditional engineers and argued for the need for “New 
Engineers” (Sharon Beder  1988 ) and, more recently, for “Green Engineers” 
(Jamison  2013 ). 

 Jamison ( 2013 ) voices the need for educators and professionals to conceptualize 
engineering as both a social and technical activity. This includes the need: (1) for the 
technical component of engineering to be combined with social and cultural under-
standings, and (2) the need for engineers to have skills and capacities other than 
technical profi ciency. All this should be done with the aim of furthering public, 
rather than corporate, good. Competencies for sustainable engineering span a num-
ber of knowledge domains; they include skills such as critical and systematic think-
ing, the capacity to work with and integrate the perspectives of others, sustainable 
development values and ethics, and a wide range of interpersonal skills (Iacovos 
Nicolaou and Eddie Conlon  2013 ). 

 Kevin Anderson et al. ( 2010 ) interviewed engineers in six fi rms and noted the 
signifi cance of communication skills. As one engineer told them: “Engineering is 
the easy part. It’s the people who are diffi cult” (p. 162). These researchers found 
that engineers “walked around with an unstated equation in their head: Problem 
solver + team player + life-long learner” (p. 166). Despite this fi nding, they discov-
ered engineers still value the technical core of engineering work: “Authentic engi-
neering tends to be viewed as getting one’s hands dirty” (169) 1  and they struggled 
with including non-technical elements in their defi nition of engineering. Yet they 
still believed that effective communication is intimately intertwined with engineer-
ing problem solving and that engineering cannot be done without it. They also did 
not see themselves as being engineers in order to contribute to the public good. 
“Their identity was more likely to be grounded in solving problems well – for them-
selves, for their team, for their organization and for their client” (p. 170). This can 
be explained to an extent by their understanding of the constraints, particularly fi scal 

1   Compare this with research by Llewellyn Mann et al. ( 2009 ) on engineering graduates: “Most of 
the participants talked about being able to fall back on their technical knowledge when they were 
unsure of how to proceed. Their technical knowledge became almost a safety blanket,  something 
that makes them sure they are an engineer ” (emphasis added). 
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constraints, they faced as engineers and the realization that the demands of engineering 
work do not always, as one engineer put it, “mesh with the romantic visions he held 
as an undergraduate” (p. 166). 

 The undergraduates studied by Meyers et al. ( 2010 ) identifi ed three factors which 
defi ne engineering: (1) ability to make competent design decisions, (2) capability to 
work with others, and (3) maturity to accept responsibility for one’s actions 
(p. 1554). 

 What emerges from this is that the identity of engineers can be explored through 
looking at: (1) how they understand their engineering work, (2) the skills and rela-
tionships they need to do that work, and (3) how they understand their responsibili-
ties as engineers. But such an understanding must be contextualized with regard to 
the organization of engineering (work and education) and the archetypes of engi-
neers that are promoted within these structures. 

 We know that educational institutions shape student identities both during the 
recruitment process and while they are studying to be engineers. For instance, 
Carney Strange and James Banning ( 2001 ) argue that certain types of colleges 
attract specifi c types of students. The scholars identify four general typologies of 
(American) colleges and four typologies of (American) college students. They 
describe relationships between the two sets of typologies. Where the type of institu-
tion successfully matches the ‘type’ of student who attends (e.g., the student’s inter-
ests, expectations, temperament, inclinations, and abilities) an appropriate ‘fi t’ is 
usually achieved. In the process of fi nding the right fi t, students typically absorb 
messages that colleges send out (using websites, brochures, campus tours, and the 
like). Students do this prior to selecting the specifi c college where they will enroll. 
This helps match their own values and personal identities to the college. Once a 
student arrives on campus, he or she typically accepts the values of that community 
and begins to internalize such messages even more deeply. However, where there is 
misalignment between the student’s personal values and those of the campus com-
munity, the student may become unhappy and leave. Thus, the identity of the col-
lege (and its programs) is shaped by, and helps shape, the identities of the individuals 
who join and maintain it. 

 Reed Stevens et al. ( 2008 ) and Kerry Meyers et al. ( 2010 ) have pointed to the 
importance of the labeling and categorization processes that take place in education. 
How institutions identify students as engineers has a profound effect on students’ 
identifi cation of themselves as engineers (Stevens et al.). It matters “what we call 
students and more specifi cally the curricular and institutional structures that classify 
students within departments… as this contributes to the social portion of psychoso-
cial identity” (Meyers et al. pp. 1555, 1558). 

 A further issue is that there seems to be diversity in how  engineering educators   
understand engineering. Alice Pawley ( 2009 ) studied how engineering faculty 
defi ne engineering. While common themes emerged – such as problem solving, 
applied science, and making things – there were a range of beliefs as to what engi-
neering is. According to Meyers et al. ( 2010 ) “Many engineering educators are chal-
lenged to defi ne succinctly what engineering is to students” (p. 1557).  
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    Study Methodology 

 Our work in this chapter is based on a mixed-methods exploratory study that sought 
to address the following questions:

    1.    How do students nearing graduation in engineering and engineering technology 
identify themselves?   

   2.    To what extent are their identities similar?   
   3.    What differences exist between the groups in what they think they have learned 

and what they envision as their future roles?     

 Our study is situated within the  constructivist paradigm  . In conducting it, we 
have sought, by exploring points of similarity and contrast, to understand how 
groups of students see themselves. We began by developing research questions that 
aligned with constructivist beliefs that groups of people defi ne themselves – and 
thus shape their own culture – collectively. Together, they develop a shared sense of 
reality that constitutes truth for them. In this study, we sought to identify points of 
shared understanding among the two groups (engineering and engineering technol-
ogy students) as well as factors that distinguished the two groups from each other in 
the context of a DIT education. We included fi nal year engineering and engineering 
technology students at DIT in the general fi elds of mechanical and electrical 
engineering. 

 To gain a basic understanding of relevant issues and begin to identify important 
factors differentiating the student groups, we conducted interviews with faculty 
from two countries (Ireland and the USA). We analyzed their responses qualita-
tively and used our fi ndings to construct an instrument for surveying students. We 
pilot tested the surveys using think-aloud protocols; then we disseminated the sur-
vey to graduating students via email. Responses were analyzed using IBM’s 
Statistical Package for Social Sciences (SPSS, version 20) to detect statistically 
signifi cant differences in the ways the two groups responded. To broaden our under-
standing of student perception, we examined a series of surveys conducted with 
students entering DIT in the years 2003–2007. We also drew from preliminary 
results in conducting a brief case study of how both student groups tackled a design 
challenge. 

 Thus, the study reported in this chapter utilized a four-strand approach.  Strand 1  
involved conducting and analyzing semi-structured interviews with seven senior 
lecturers who teach fi nal year engineering or engineering technology students. 
 Strand 2  involved an online survey of fi nal year students from engineering and engi-
neering technology programs.  Strand 3  involved a review of previous surveys of 
incoming freshman (i.e. fi rst year) students that included a range of questions such 
as why they chose to study engineering and who infl uenced their decisions.  Strand 
4  is a case study of design approaches that differentiate the two groups of students. 
This case study is included because the two groups of students reported signifi cantly 
different perceptions of the role of design in their work.  
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    Strand 1: Faculty Perspectives 

 Consistent with the constructivist paradigm, we believe that educators are involved 
in the dialogue of professional identity and are not separate from it. We also wanted 
to address existing confusion on the topic of engineering versus engineering tech-
nology that seems evident in DIT and other institutions. We interviewed fi ve DIT 
faculty members. Our objectives were: (1) to elicit how these educators describe 
and characterize the identity of their fi nal year students and soon-to-be-graduates, 
and (2) to understand the language used by educators in describing their students. 
We analyzed these interviews in search of themes that could inform our interviews 
with students. We also interviewed two faculty members from Purdue University as 
external reference, and because we hope to expand this study in the future to the 
discussion in the United States on engineering and technology. 

    Findings from Faculty Interviews 

 Two main themes became evident in DIT faculty responses related to the question: 
 What is it that engineering technologists (or engineers) do?  The fi rst theme is that 
faculty members see engineers and engineering technologists as generally perform-
ing different roles. The second is that the two groups also perform these roles at 
different depths or levels. Sample comments, illustrating this, are shown in Table  3.1 .

   Another key distinction is that DIT faculty see the role of the engineer as signifi -
cantly bound up with design activities, and therefore the identity of the engineer 
aligns with becoming a designer, a creator of solutions. The role of technologist, 
even if it contains design elements, is not as fully invested in the design process. So, 
engineering technologists are involved in the more limited re-design of existing 
systems, whereas engineers are involved at a conceptual level (see Table  3.2 ).

   Faculty provided a range of views on engineering and engineering technology 
that included seeing them as overlapping disciplines characterized by different 
emphases on the one hand and different depth of activities on the other. Table  3.3  
below illustrates this dichotomy of views.

   Table 3.1    Respective roles   

 Role of engineering technologists  Role of engineers 

 “Engineering technologists clarify, confi rm, 
apply, test and ensure” 

 “Engineers are responsible for conceptual designs 
and mathematical constructs whereas engineering 
technologists fl esh out these designs” 

 “Engineering technologists are responsible 
for operating, managing and supervising 
processes” 

 “Professional engineers are responsible for 
considered design and systematic/methodical 
problem solving” 
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   Important from an identity perspective, faculty noted that engineering technol-
ogy graduates generally see themselves as engineers and that the students  themselves 
are not well positioned to differentiate between engineering and engineering tech-
nology. In putting themselves in the role of their graduating fi nal year students, the 
educators commented as shown in Table  3.4  above.

   In summary, while understanding the curricular and academic differences in the 
education of the two groups, the faculty we interviewed acknowledged that (1) stu-
dents about to graduate don’t differentiate between engineering and engineering 
technology, (2) engineering technology graduates will see and identify themselves 
as engineers, and (3) there is a complete absence of identity as a technologist or 
engineering technologist. A question yet to be answered is to what extent the fi nal 
year students’ views of themselves have been shaped over the course of their studies 
at DIT by the views of their educators.   

   Table 3.2     Design   as an identifying role   

 Design role of engineering technologists  Design role of engineers 

 “Engineering technology graduates will see ‘how 
we can make it better’ rather than designing new” 

 “A professional engineer has the ability to 
do research and design at the highest level” 

 “Engineering technologists are involved in design 
of sub-stations based on the modifi cation of 
existing designs” 

 “Engineering graduates design, test and 
deploy systems” 

   Table 3.3    Different emphases and different depth   

 Different emphases  Different depth 

 “Engineering and engineering technology are almost 
interchangeable terms” 

 “The level of application and depth of 
understanding are the key differences” 

 “Engineering Technology is more hands-on, 
practical focused, more applied, less theoretical, less 
mathematical, less analytical” 

 “The difference is between mastering 
design methods versus using technology 
to implement a solution” 

 “Engineering technology students may have fantastic 
applied knowledge but have no analytic skills” 

 “Engineering is at a superior level with 
respect to analysis and understanding of 
fundamental principles” 

   Table 3.4     Identity and confusion     

 Identity  Confusion 

 “Engineering technologists would see themselves 
as engineers” 

 “Students don’t see the difference between 
engineering and engineering technology” 

 “Engineering Technology graduates would 
characterize themselves as engineers” 

 “Students could not yet describe themselves 
or their discipline” 

 “Recent technology graduates would describe 
themselves as engineers” 

 “Students may not be able to characterize 
the difference” 
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    Strand 2: Student Survey 

 The fi ndings for this portion of our work – the crux of our study – are gathered from 
students in their fi nal year of study. We wanted information from students whose 
identities had been shaped (at least partially) by the educational culture they had 
engaged in for the preceding 3 or 4 years. Based on the results of the faculty inter-
views, we developed an on-line survey for fi nal year students. This survey was 
tested and refi ned through separate ‘talk aloud’ sessions with four students from our 
target population: two from engineering technology and two from engineering pro-
grams. Of the population of 425, a total of 153 students accessed the survey, for a 
response rate of 36 %. What we report below as signifi cant meets the 95 % threshold 
(meaning that there is less than a 5 % chance that each difference we found was 
random). We also assessed the qualitative responses that students submitted to 
open-ended questions, looking for themes. 

    Quantitative Findings from Student Survey 

 Regarding the survey, there were a number of questions where the two student 
groups responded in statistically different ways. Engineers ranked each of the fol-
lowing statements higher than technologists did:

    (a)    I want to use my knowledge to design and create new things.   
   (b)    I can devise and generate new designs and solutions.   
   (c)    My program has prepared me for a wide range of jobs after graduation.   
   (d)    My program gave me detailed knowledge and understanding in my technical 

area (for example in mechanical engineering).   
   (e)    I have focused signifi cant efforts on developing competence in my profession.   
   (f)    I have focused signifi cant efforts on balancing my independence with my 

dependence on others.   
   (g)    As a result of my program I can design new systems. 

 Engineering technology students ranked the following statement higher:   

   (h)    I want to control and maintain equipment in an engineering environment.     

 The two groups responded in statistically similar ways to the items “my program 
has taught me how to apply my  technical skills  ” (69 % of students), “my program 
has taught me how to tackle problems creatively” (45 %), and “my program has 
taught me how to develop/create successful new technologies” (14 %). However, 
the two groups responded differently to the statement that “my program has taught 
me how to solve problems I will face in the real world,” with 66 % of technology 
students ticking this box, but only 47 % of engineers ranking this in their top two. 

 The survey included questions that were generated using  Bloom’s revised 
taxonomy   (   Anderson et al.  2001 ; Benjamin Bloom and David Krathwohl  1956 ). 
In these questions, the majority of responses were similar for both groups: 42 % of 
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our population said that they had best mastered “to analyze things,” 42 % said they 
had best mastered “to understand things,” 39 % said “to apply knowledge,” 33 % 
said “to evaluate things,” 18 % said “to remember things,” and 14 % said “to create 
things.” However, there was a difference on the item “to apply knowledge,” for 
which 51 % of technology students selected this as one of their top two responses. 
Just 31 % of engineers did the same. Although this might appear to contradict the 
fi nding above that both groups responded similarly to the statement “my program 
has taught me how to apply my technical skills,” what is important to realize is that 
engineering technology students selected “apply knowledge” as most important to 
them in selecting their top two choices. This is consistent with the qualitative fi nd-
ings described below regarding how both groups aligned around either ‘design’ 
(engineers) or ‘apply’ (technologists).  

    Qualitative Findings from Student Survey 

 The survey asked fi nal year students to give a reason – in one sentence – as to why 
they chose to study their particular program. There were clear differences in the 
explanations provided by the two groups. For engineers, responses generally were 
along the lines of the student always knowing that they wanted to be an engineer, or 
that they always liked analytical subjects, or that they liked the possible careers and 
career paths that an engineering qualifi cation would open up. For engineering tech-
nologists, the responses tended towards how the engineering technology degree 
would ensure the graduate would get a good job, or that the program was practical, 
or that the engineering technology program itself was a follow-on to an earlier pro-
gram. In DIT this earlier program almost invariably is skills-based (such as electri-
cian training). Some specifi c responses are provided in Table  3.5  below.

   Table 3.5    Why did you choose to study this particular program?   

 Sample responses of engineering technologists  Sample responses of engineers 

 “I wanted to move up from being an electrician 
and be able to work at a higher profi le” 

 “I felt it would give me the widest range of 
career choices” 

 “many job prospects afterwards”  “I felt the degree would give me a lot of 
options after graduation” 

 “Job opportunities and an interest in machines”  “Interest in maths, physics and all things 
mechanical. I liked making stuff …” 

 “I chose this program because it was a practical 
program that provided skills that could be 
applied in the real world” 

 “Mechanical engineering keeps the world 
ticking and I wanted to be part of that 
background work” 
 “Buildings are great; the idea of applying 
maths to create solutions for buildings is 
exciting” 
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   It must be emphasized that there were clear overlaps in the response types with, 
for example, engineers saying that “there are lots of jobs in engineering” and engi-
neering technologists saying “I always want[ed] to design buildings”. But, gener-
ally, engineers saw the study of engineering as a stepping stone to a career that was 
aligned with an inner sense (perhaps ill-defi ned) of the nature of engineering work – 
design – that attracted them to study engineering. Technologists tended to have a 
more immediate horizon: the program was practical and hands-on and would lead 
to good job opportunities once they graduate. 

 We asked the fi nal year students to describe what they wanted to do in their fi rst 
job after graduating. Here, engineers generally responded along one of three themes: 
they wanted to work in design, or they wanted to gain experience by applying their 
knowledge, or they wanted to make money. One noteworthy response from an engi-
neering student combines all three of these themes: “get as much money as possible 
and gain as much experience as possible in design[ing] different systems. Apply 
anything I’ve learned while in College.” Table  3.6  below provides indicative 
responses by students to what they wanted to do in their fi rst job.

   The key action verb that differentiates the two groups is that engineers again and 
again brought the word ‘ design  ’ into their responses: “I would love to work in a 
design engineering role”, “develop independent design skills, learn to work cre-
atively”, “design the systems for buildings”, “design to help people in any way I 
can”, and “contribute to the skyline of a major city in the world, be involved in 
projects which reduce the carbon emission and energy use of the world using evi-
dence based design, start on the road to becoming chartered, being referred to as Dr. 
would be nice and a healthy bank account would be an advantage.” 

 While the engineering technologists did not exclude working in design or as part 
of a design team from their responses (e.g., “I want to get a graduate position in a 
design offi ce”), the responses tended to be less career focused and more oriented to 
applying their skills (e.g., “I want to do something related to my skills”, “utilize my 
skills and knowledge I acquired from my course”). Responses generally were open- 
ended but based on the knowledge and skills that they had acquired through their 
studies: “I am open to any type of work related to my program”. 

   Table 3.6    What do you really want to do in your fi rst job after graduating?   

 Sample responses of engineering technologists  Sample responses of engineers 

 “Be an engineer”  “I would like to work in a design offi ce applying 
what I have done in my fi nal year project” 

 “Be able to run equipment such as machinery 
and be able to solve their problems” 

 “Earn money and gain work experience” 

 “Plant maintainer with computer aided skills”  “Get the most experience I can in technologies 
that interest me”  “Get a job in a programming environment to 

control systems” 
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 Lastly, we asked the fi nal year students themselves what differences they perceive 
between people who leave college as “Engineers” and those who leave as “Engineering 
Technologists”. The key fi nding was that signifi cant numbers either gave no answer 
or said they did not know (37 % of engineers and 52 % of technologists). A further 
group said there was no difference (11 % and 10 %). In total, two- thirds of technolo-
gists gave no answer, did not know or said there was no difference. 

 This seems to clearly align with statements by the faculty that technology stu-
dents “may not be able to characterize the difference”. We fi nd further congruence 
with faculty views when we explore what were seen as the differences (see 
Table  3.7 ). The key differentiation was seen to focus on the issue of design. 
Engineers were more likely to be associated with design while technologists were 
seen to be more practical and involved with the implementation of designs. 
Engineers were also seen as better educated and having higher status.

   In a memorable comment on the diffi culty of completing an engineering degree, 
one fi nal year engineering student said of engineering technologists: “the latter 
leave college with around €5,000 less p/a and about 5 % more hair!!” In line with 
the earlier note that engineering technologists were more job-focused than career- 
focused, this group noted that the job, pay, and promotion prospects were better for 
engineers. Both groups, when comment was made, noted the higher standing or 
esteem that engineers would have. Finally, and again supporting the statistical 
results, both groups overwhelmingly used design activity as a key differentiator 
between the two. 

   Table 3.7    What differences do you perceive, if any, between people who leave college as 
“Engineers” and those who leave as “Engineering Technologists”?   

 Engineering technology students said  Engineering students said 

 None / don’t 
Know 

 “Didn’t know there was a difference”  “None really. Generally most people don't 
have a clue about the differences between 
them. The only people who point it out or 
are bothered by it are the ‘engineers’ and 
the ‘technologists’ themselves” 

 “There are no apparent differences, 
they both have the same fundamental 
background” 

 Recognition  “Engineering technologist doesn't 
sound as good” 

 “Engineers are probably more highly 
thought of”; 

 “Engineers may pursue a 
management role” 

 “Engineers have more opportunity ..... 
Engineering Technologist may not be able 
to advance beyond a certain level within 
their career without further study” 

 “Engineers are more employable and 
better educated” 

 “You get more respect from lectures, 
laboratory staff and future employers” 

 “Engineers will get a job before 
engineer technologists” 

 “Less opportunities for technologists” 

 “Engineers are more respected”  “Engineers have more responsibility” 
 “Engineers have more scope for 
promotion and higher salaries” 
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Table 3.7 (continued)

 Engineering technology students said  Engineering students said 

 Educational 
level 

 “People who leave with a BE as 
opposed to a BEngTech have a more 
administrative approach to engineering” 

 “Engineers as a whole have learned to 
learn”; 

 “Different lines of work, different 
levels of degrees” 

 “Engineers would be of a higher 
educational standard”; 

 “Engineers have higher qualifi cations”  “Different level degree, almost same 
knowledge”; 

 “Engineering Technologists are more 
confi dent with practicality than the 
theory” 

 “Engineers know how and why things 
happen while Engineering Technologists 
are mostly shown how things work” 

 “To me it’s the fi elds chosen by the 
individual so there is no difference, 
both have taken the course for their 
intended career choice” 

 “Engineers have achieved a broader 
education in the fi eld whereas 
technologists have received education in a 
more specifi c area of focus in 
Engineering” 

 Function  “Engineers would be more inclined 
to design and numerical analysis, 
where as engineering technologists 
would have a stronger sense of 
operation and maintenance ....” 

 “In my opinion, Engineers will leave 
focusing their careers on the design and 
evaluation of new technologies as 
[opposed] to engineering technologists 
who, in my opinion, will focus more 
primarily as technicians, maintaining 
systems, carrying out tests, evaluations, 
etc. that the engineers have assigned them” 

 “Engineers can design things and 
analyze errors when building things. 
Engineering technologists focus 
more on theories rather than 
technicalities” 

 “Engineering technologists will have a 
more hands on job while engineers will be 
more design or management role” 

 “Engineers create design and 
develop new technologies. 
Engineering technologists integrate 
existing technologies and systems” 

 “Engineers focus on using their knowledge 
to design, improve and innovate technology. 
Engineering Technologists use their 
expertise to operate and effi ciently 
maintain technology”  “Engineers have more 

responsibilities and are more 
involved in design whereas 
engineering technologists operate 
and carry out tasks” 

 Overall, what emerges from the survey is that both groups see themselves as 
having different roles and functions. Engineers are more likely to be seen as design-
ers with a careers focus. Technologists have a narrower job focus, were seen as more 
practical and better prepared to tackle real world problems. While these differences 
can be identifi ed in the responses to the full range of survey questions it is also the 
case that two-thirds of technology students were unable (or did not want) to distin-
guish themselves from engineers. This suggests a weak social identity as engineer-
ing technologists and an inability to distinguish themselves from engineers.   
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    Strand 3: Prior DIT Surveys of First Year Students 

 In considering the responses above (from faculty in Strand 1 and from fi nal year 
students in Strand 2), the quantitative and qualitative differences between the two 
groups of students center on: (1) students’ views on design as an identifying activity, 
(2) how they wish to use their education once they graduate, (3) their initial views 
on their future careers, and (4) their own development as engineers and people. To 
provide further insight, we contrast these responses from  fi nal year  students with 
responses from an earlier DIT study of  fi rst year  students that sought to examine 
why students chose to study engineering and why they chose to come to DIT for 
their studies. 

 Between 2003 and 2007, DIT conducted surveys of incoming engineering and 
engineering technology students in an effort to understand attraction and retention 
issues in engineering education. This work involved surveying students about  why  
and  how  they chose an engineering-related fi eld of study and why they selected 
DIT. The overall response rate was around 65 % each year the study was conducted. 
These data have been reported previously (Eddie Conlon  2006 ) but not analyzed 
statistically. We reviewed the fi ndings of these prior studies. Then, we extended 
them by using statistics to compare the 2007 responses provided by engineering 
majors with those provided by technology majors. In 2007, a total of 525 students 
entered DIT’s various engineering programs. Of these, 307 submitted responses 
from our target population of programs. We compared responses from the 114 engi-
neering students with those provided by 193 engineering technology students. We 
wanted to better understand what motivated them to become engineers in the fi rst 
place and see if there were different factors at play with the two groups. 

 The cohort of fi rst year engineering and engineering technology students who 
commenced studying in DIT was asked to select, from a list of possible reasons, the 
two most important reasons they saw for choosing to study engineering. The survey 
results for 2007 show the percentages selected by incoming students:

•    41 % chose “I was always interested in how things work” (46 % of engineers and 
39 % of technologists)  

•   36 % chose “I am interested in designing things” (28 % of engineers and 41 % of 
technologists)  

•   28 % chose “Engineering is a good career” (28 % of engineers and 27 % of 
technologists)  

•   24 % chose “I want to build things” (21 % of engineers and 26 % of 
technologists)    

 This prioritization of response was consistent across the 5 years for which the 
survey was conducted. When we analyzed the 2007 response data for the two 
groups, we found that while 25 % of engineering majors listed “I like maths and 
physics” as their fi rst or second choice, just 14 % of technologists did likewise. 
Engineering majors were signifi cantly more likely to have an engineer somewhere 
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in the family (99 % say they do as opposed to 94 % of technology students). The 
technology students who did have an engineer in the family were likely to have just 
one (60 % as opposed to 51 % of engineering majors). Signifi cantly more of the 
engineers were infl uenced positively by an engineer (71 % as opposed to 49 % 
among technologists) or a mathematics teacher (58 % as opposed to 37 % of 
technologists). 

 There were also signifi cant differences in why the two groups chose to study at 
this institution. “DIT courses are more practical and applied” was important to 80 % 
of engineers (i.e., among the student’s top fi ve choices) but just 62 % of technolo-
gists. A signifi cantly higher number of technology students selected “I like working 
with computers” as one of their most important reasons for selecting the career 
(40 % of technologists listed it, as opposed to 25 % of engineers). 

 These survey responses raise two issues. Firstly, the engineers interviewed in 
2007 were less likely than technologists to say they were interested in designing 
when they started their engineering studies, but those moving towards graduation in 
2013 were more likely to see designing as a key distinguishing feature of their iden-
tity. Secondly, the engineers were more likely to say they came to DIT because the 
programs are more practical and applied (that at other institutions). This needs to be 
understood in the context of the students having a choice to study at DIT or at a 
university that would have a more ‘theoretical’ orientation. 

 What can be noted is that the experience of studying at DIT seems to enhance the 
identity of engineers as designers but leaves them less prepared than technologists 
to solve real world engineering problems. It might be the case that their education 
as engineers in DIT is less practical than initially thought. This has clear implica-
tions for DIT in attracting and retaining students as it suggests a mismatch between 
the expectations of students and their actual experience in DIT.  

    Strand 4: Case Study – Observations on How Engineering 
Students and Engineering Technology Students Approach 
a Design Problem 

 DIT has a design course titled “Engineering Practice and Design” (popularly known 
as  RoboSumo  ), in which teams of students design and build a robot which then 
competes one-on-one against other student robots in a competition to locate and 
push the other robot from a round table. Teams are comprised of either second year 
electrical engineering technology students or fi rst year electrical engineering stu-
dents. Because the faculty interviews and student survey responses identifi ed  design  
as a differentiating factor between the two groups of students, we asked a colleague 
to describe his experience with both groups as they engage in the same design 
course. In the following case study, Dr. Ted Burke describes his observations of 
various approaches student teams take with regard to the RoboSumo design task. 
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 Case Study: How Students Approach a Design Problem – RoboSumo 
    There are different design approaches that dominate within each cohort. In 
particular, the archetypal ‘good’ engineering technology team approach to 
design is to get ‘stuck in’ straight away and start building a robot. This sometimes 
appears rash – as though the team has completely bypassed the important step 
of critically analyzing a proposed design before committing to it. Based on 
my observations however, this criticism is often not applicable. In fact, this 
early building behavior should be regarded more as a ‘mocking up’ exercise 
than as an attempt to produce the fi nal design in a single hare-brained step. 
By building these fl awed designs, teams learn a huge amount that will inform 
their fi nal design. A mock-up helps teams to build a shared understanding of 
design features and also to get a clearer sense of each other’s strengths and 
weaknesses (“My team mate says he can cut and bend sheet metal, but 
can he really?”. “My team mate swears she can get the program written by 
tomorrow – I suppose I’ll wait and see if she can deliver.”). 

 The fact that these teams are often perfectly happy to build the robot ‘wrong’ 
a couple of times before building it right refl ects two signifi cant factors: (1) the 
students’ belief (which I share) that this approach (let’s call it ‘Build Early and 
Build Often’ – BEBO) is a very effective way of learning; (2) The students’ 
level of confi dence in building physical things. Many of these engineering 
technology students have a lot of practical fabrication experience. Perhaps in 
the past they have found it rewarding to make physical things. As a result, 
many of these students probably assign a lower ‘effort cost’ to this approach 
than another student with less prior manufacturing experience would. 

 I would describe the archetypal weak engineering team approach as follows:

•    Spend a lot of time thinking about the problem. This step typically involves 
a considerable amount of meditation, hand-wringing, soul-searching, and 
very occasionally critical analysis of proposed design features.  

•   Devise an ingenious, over-complicated solution, often with very fundamental 
design fl aws (e.g., wheels attached directly to DC motors without any gearing).  

•   Underestimate the diffi culty of building the proposed solution. By and 
large, our engineering RoboSumo teams of the last few years have seemed 
more confi dent with computers and less confi dent making physical things.  

•   Leave it until far too late to pull the whole thing together.  
•   Panic (optional).    

 The archetypal strong engineering team approach is actually something 
like the above, but with two critical differences: (a) for whatever reason, the 
thinking stage is much more fruitful. Terrible ideas are successfully weeded 
out without anybody needing to build anything. Good ideas are refi ned to 
make them more practical. Future problems are anticipated and possible 
solutions formulated. (b) A working prototype gets built much earlier, allowing 
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      Discussion of Results 

  Sense of Purpose     Arthur Chickering and Linda Reisser ( 1993 ) developed a frame-
work for understanding the broad issues associated with identity development. 
These scholars theorized that college students develop their personal identities 
along seven primary “vectors”, with development in each vector taking a unique 
direction and rate of speed. We had the students rank their own effort with regard to 
each of the following vectors:

    1.    Developing competence in my profession   
   2.    Managing my feelings and emotions   
   3.    Balancing my independence with my dependence on others   
   4.    Developing mature relationships with others   
   5.    Establishing my own personal identity   
   6.    Developing a strong sense of purpose   
   7.    Developing a sense of integrity in the way I behave    

wrinkles to be ironed out and the design (mechanical, electrical, software) to 
be tweaked as required. What’s different here to the BEBO model is that more 
thinking happens before the fi rst build, and there probably won’t ever be a 
second build – just testing and refi nement of the fi rst prototype. Let’s call this 
‘good engineering approach’ Build Once After Thinking (BOAT). 

 BEBO versus BOAT 
 All in all, I see both approaches as very effective when done right. I suspect 
that good engineers will produce a good robot either way. Part of what draws 
some good engineer towards the BEBO approach is confi dence in (or enjoy-
ment of) building things, which I suppose is infl uenced to a large degree by 
prior experience. An engineer who is already in his or her comfort zone build-
ing things will assign a lower effort cost to mocking up design ideas to get a 
better feel for them. For such a person, BEBO is a reasonably painless strat-
egy for shaping design ideas. By contrast, someone with less manufacturing 
experience may assign a higher effort cost to the same process since they have 
fewer existing skills to fall back on. Someone in this situation might be more 
naturally drawn to BOAT. For strong RoboSumo teams, I don’t really mind 
which of the two approaches they use. However, for weaker teams, I’m 
inclined to nudge them towards BEBO, since they’ll at least get a reality 
check early in the process about the complexity of the task (when their fi rst 
prototype stinks). 

  Ted Burke  
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  More often than technologists, the engineering students in our survey reported a 
focus on developing professional competence and balancing independence with 
dependence on others. On the other hand, technologists indicated greater focus on 
developing a “strong sense of purpose”. These responses suggest that the engineers 
are more career-oriented and that technologists have focused on more general (less 
profession specifi c) aspects of their identities.  

  Aligning Identity with College Values     First year surveys demonstrated that both 
sets of students had a very practical orientation as they entered DIT. This practical 
orientation is underlined by consistent responses across all programs as to why stu-
dents chose to study at DIT. In all years the most popular response was that “DIT 
has a good reputation for engineering,” followed by “DIT courses are more practical 
and applied”. These fi ndings support the outcomes of research by the IEEE ( 2003 ) 
in which student respondents indicated that their primary reason for doing engineer-
ing was that they “wanted to invent, build or design things”.  

 However, the survey and the case study point to a divergence in how both groups 
of students see themselves being prepared for the “real world” they will shortly 
face. Engineering technology students were signifi cantly more comfortable with the 
statement that “my program has taught me how to solve problems in the real world.” 
The case study also highlighted that engineering students today may not be as con-
fi dent making physical things (e.g., robots in the case study) and this also can gener-
ate a self-perception of not being prepared for the real world, especially if the 
student came to DIT expecting it to be practical and hands-on. One could also spec-
ulate that the difference in confi dence in preparedness for the real world is related, 
in part, to the open-endedness of design: technologists see themselves as doing 
more deterministic work (i.e., applying concrete principles to specifi c situations in 
a prescribed fashion), whereas engineers see themselves confronted with problems 
which don’t yet have a solution and they will be expected to fi nd one by conjuring 
up a design (which might appear to them as a more daunting task). 

 There is a diffi culty for DIT in aligning the expectations of students with the 
requirements for professional engineering. This diffi culty is made more diffi cult in 
that the Institute has to attract and retain students of engineering and engineering 
technology. The latter may require a greater emphasis on the practical nature of DIT 
programs. But this may lead to the wrong message being conveyed to engineering 
students (as per Strange and Banning  2001 ) who may not be prepared for a program 
of study that may be a good deal more analytical and theoretical than they expect. 

  Intrinsic Motivation and Role     Our surveys of incoming freshmen students consis-
tently highlighted that students chose their program because they were “always 
interested in how things work”, followed by “I am interested in designing things”. 
It is evident that DIT students were primarily attracted to engineering by intrinsic 
features of engineering and their desire to understand and design. This motivation 
persisted through their studies and exhibited strongly in their responses to the fi nal 
year student survey, in which they strongly identifi ed (both qualitatively and quan-
titatively),  design  as a key competence of an engineer, a key differentiator between 
engineer and engineering technologist, and a key career activity for the engineer.  
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 Although engineers consistently used  design  as a generic description of what 
they will do as professional engineers, their responses indicated they may not have 
a strongly developed understanding of the role of a design engineer. Nevertheless, 
 design  was used as a general descriptor of what the new graduate expected do upon 
entering the workforce. There was a clear disconnection between the students’ 
identity as designers and their perception of their capacity to solve real world 
problems. 

  Absence of Identity        While faculty members, engineering students and engineering 
technology students could all distinguish the role and function of engineers and 
technologists, there was weakly shared identity that was specifi c to students in engi-
neering technology. They saw themselves as engineers but with different roles (see 
Land  2012 ). This fi nding is not surprising, given that up to half of these DIT stu-
dents will eventually progress to an engineering program. In a sense, being an engi-
neering technologist is not a goal for many of these students. But this absence of a 
strong identity can create diffi culties in attracting and retaining students, because 
prospective students have little against which they can match their interests and 
aspirations. In the US context Land ( 2012 ) has made the point that “The lack of 
distinction (between engineers and technologists) has led to a number of persistent 
problems. Among them has been an inability of engineering technology programs 
to defi ne themselves to potential students and their parents” (33).  

 Although faculty members can identity the role and function of technologists, 
they have not been able to convey a strong sense to students of the difference 
between them and engineering students. Indeed the faculty perceives diffi culties the 
students have in understanding their role. This may raise an issue regarding the 
professional education of these students and the extent to which they are getting a 
broad education that will help them understand their specifi c role.  

    Conclusion 

 In this chapter we have explored the identities of engineering and engineering 
technology students in a large Institute of Technology in Ireland. A key fi nding is 
that faculty and students do differentiate between the two groups; the two are seen 
to have different roles and functions. The concept of engineers as designers emerged 
as a key characteristic distinguishing engineering from technology students. Both 
groups see engineers as career-oriented designers and both groups see technologists 
as more practical implementers. Technologists have a greater job orientation and a 
greater drive to apply knowledge in order to solve real world problems. 

 Despite these fi ndings, the identity of ‘technologists’ is weak. According to 
faculty members, the engineering technology students see themselves as engineers. 
Our survey revealed that many of these technology students can’t, or perhaps 
won’t, distinguish themselves from engineers; they may not be  designers  but that 
does not mean they are not  engineers . While design is a key issue, this does not 
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seem to prevent technologists from seeing themselves as ‘engineers’. That choice 
seems related to how they understand and defi ne the activity of ‘engineering’ itself. 
For them engineering is comprised of many different roles. 

 The commonly shared sense of identity is stronger among the engineering students. 
DIT students’ image of what an engineer  does  seems to be stronger than of what a 
technologist  does . Overall, engineering students seem clearer about what they think 
the profession holds than technologists are. They probably developed a stronger 
professional understanding in college (after all, they have been here 1 year longer 
than the technologists and thus have had more time to construct a shared conception 
and/or adopt one handed to them by teachers and professional advisors). However, 
they also brought a stronger understanding with them when they arrived. These 
engineering majors had greater exposure to the profession than the technology students. 
They were more likely to have an engineer in the family and to have had positive 
experiences with an engineer in the past. As such, the engineers probably entered 
with a stronger sense of occupational identity than the technologists did. 

 As indicated earlier, we used Ireland’s accreditation standards as a guide in draft-
ing some survey questions – to see if differences implied in the standards were clear 
to DIT students. These standards suggest technology is more applied and engineer-
ing is more theoretical and design-oriented. The students describe some key factors 
that professional bodies and their teachers see as distinguishing ‘technologists’ from 
‘engineers’. Although they picked up on some differences, they did not distinguish 
more subtle delineations. Responses to “I can compare different technical solutions 
and make recommendations” and “I can use a range of engineering tools and meth-
odologies” did not receive signifi cantly different response rates, for instance. (Irish 
accrediting standards tag the fi rst to technologist and the second to engineers.) In 
the net, however, we found evidence that occupational enculturation is part of the 
experience in DIT’s schools of engineering. 

 Our research suggests some challenges for DIT in addressing issues of 
 professional identity in its engineering programs. Firstly, many engineering stu-
dents come to DIT expecting a practical education. The perception that “DIT 
courses are more practical and applied” was signifi cantly more important to engi-
neers than to technologists. These engineering students have often chosen DIT over 
a university because of the appeal of its hands-on pedagogical approach. At the end 
of their educations, their identity as designers has been enhanced but they feel less 
prepared than technologists to solve real world engineering problems. This has 
implications for DIT in attracting and retaining students, because it suggests there 
could be a mismatch between the expectations of students who want a practical 
education and the more theoretical and analytical knowledge they ultimately feel 
they have received. 

 Society and school play important roles in shaping the professional identity of 
engineering students, but the same cannot be said for engineering technologists. It 
is not nearly as clear to students what technologists do and how technologists’ work 
differs from what engineers do. 

 Faculty members believe that students have a weak identity as technologists and 
do not distinguish themselves from engineers. Although faculty members articulate 
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distinctions, a distinct professional identity, for technologists, has not been generated. 
This could be because the role is seen as somehow secondary to professional engineers. 
This could be unique to DIT, because the ladder system here allows students to easily 
move from technology into engineering. But it is somewhat worrisome that no clear 
identity is being offered to prospective technology students against which they 
could match their interests and aspirations. 

 The above presents a challenge for this multi-level institution as it seeks to grapple 
with the complexities of engineering identity and seeks to convey to prospective 
students the similarities and distinctions in the roles of engineers and technologists. 
The shared sense of role and professional identity of the  engineer  seem to be under-
stood and communicated to students but the role of  technologist , while understood, 
is not communicated as part of a wider professional identity.     
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 Gather round me, boys, and you will hear 
 The story of a brave engineer: 
 Casey Jones was that roller’s name – 
 On a 68 wheeler, he won his fame. 

 – folk song 

    Abstract     Engineering is a function, discipline, occupation, and profession to 
which the term “engineering” is only a rough guide. Some activities not called 
“engineering” – applied physics and naval architecture, for example – are plainly 
engineering in the sense relevant to this volume. Other activities called “engineer-
ing”, such as driving a railway locomotive or overseeing the operation of a ship’s 
boiler, are just as plainly not engineering in the relevant sense (despite the participa-
tion of “engineers” such as Casey Jones or a sailor rated “marine engineer”). (These 
examples are all from English, my own language but not one known for its logic. 
It is therefore worth noting that other languages seem to have similar diffi culties – 
or, at least, so I have heard from their native speakers – Italians, Japanese, Greeks, 
and so on. I’ll give one example here: The Dutch give the title “Ingenieur” to anyone 
who receives a  bachelor’s degree from a technological university, even if the 
degree is in political science or philosophy. Anyone with that title is free to use it, 
much as anyone in the United States with a Ph.D. is free to call herself “doctor”. 
The Netherlands do not license or register engineers, yet everyone there seems to 
understand the difference between “engineers” who are just philosophers and 
“engineers” who are engineers strictly speaking.) The status of other activities is 
more controversial. Is “software engineering”, “social engineering”, “genetic engi-
neering”, “re- engineering”, or “fi nancial engineering” engineering in the relevant 
sense? What about architecture (strictly so called), computer science, industrial 
design, or  synthetic chemistry? What separates those technological activities from 
engineering (in the sense relevant here)? The answer to such questions will (or, at least, 
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should) determine what gets studied as “engineering” and therefore what conclu-
sions we, those who study  engineering, draw concerning our subject. What I pro-
pose to do here is summarize the answers I have elsewhere given these questions 
and then dispose of prominent objections to those answers. (See especially Davis 
M, Thinking like an engineer: essays in the ethics of a profession. Oxford University 
Press, New York, 1998; Davis M, Profession, code, and ethics. Ashgate, Aldershot, 
2002; Davis M (Philosophia 37(2):211–225, 2009a); Davis M (The Monist 
92(3):325–339, 2009b); Davis M, Distinguishing architects from engineers: a pilot 
study in differences between  engineers and other technologists. In: van de Poel I, 
Goldberg D (eds) Philosophy and engineering: an emerging agenda. Springer, 
Dordrecht, 2010.) Most of the objections, it turns out, arise from disagreement 
about how to study engineering (method) rather than about ordinary facts concern-
ing engineering (how certain  people are trained, what they do, and so on).  

  Keywords     Function   •   Discipline   •   Occupation   •   Profession   •   Ethics   •   Engineering  

       Function 

 Once, while unsuccessfully seeking a position at a certain large technological 
university, I briefl y met with its president. To make conversation, I remarked how 
unusual it was for a university to have, as his did, both a School of Engineering and 
a School of Applied Science and Technology. How, I asked, did he decide which 
programs went to which school? His answer was: “The School of Applied Science 
and Technology consists of all those programs which look like engineering to me 
but not to the Dean of Engineering.” I thought that answer showed considerable 
theoretical insight. I hope the insight will be clear by the end of this section. In any 
case, I propose to use the terms “technology” (and “technologist”) in the same 
spirit – as a catchall that includes not only what I think is engineering (or an engi-
neer) but also what others think is engineering but I do not. 

 By “ technology  ”, I simply mean any useful artifact embedded in a social net-
work that designs, builds, distributes, maintains, uses, and disposes of such things. 
So, for example, while a hammer lost in space is only an artifact, a hammer at work 
in a factory is technology (part of a technological system). A technologist is anyone 
with a  signifi cant  role in technology. A young child who lifts a hammer is not a 
technologist, but a carpenter doing the same is. 

 Like other technologists, engineers design, “build” (or, at least, manage the 
building), or otherwise contribute to the life (and death) of certain technologies. 
Indeed, designing, building, or so on is (some might say) “the function” of engineers, 
what engineers, and only engineers, exist to do. It is what defi nes engineering. 

 This way of defi ning engineering is, I think, a mistake because it has at least two 
undesirable consequences. First, equating designing, building, or the like with engi-
neering makes distinguishing engineers from other technologists impossible – by a 
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defi nition that clearly goes against usage. Architects, computer scientists, industrial 
chemists, and other technologists also design, build, and so on. Indeed, so may any 
inventor, however untrained, undisciplined, and isolated. Even beaver and corral are 
engineers in this sense. Any defi nition of engineering that counts such animals as 
engineers is, I think, plainly in deep trouble. 

 The second, and equally important, undesirable consequence of equating engi-
neering with designing, building, or the like is that is gives a misleading picture of 
what engineers in fact do. Some engineers simply inspect; some write regulations; 
some evaluate patents; some attempt to reconstruct equipment failures; some sell 
complex equipment; some teach engineering; and so on. Whether all of these activi-
ties are properly engineering, indeed, whether any of them is, is a question that 
should not be settled by a mere defi nition. My point now is not only that inspecting, 
writing regulations, evaluating patents, and so on are what engineers frequently do 
(a mere statistical fact) but as well that such activities are what some engineers are 
supposed to do as engineers (a fact about how they are expected to function). So, for 
example, employers sometimes advertise for engineers rather than other technolo-
gists to do one or another of these things. I agree that design (or, rather, engineering 
design) is central to understanding engineering, but I do not see how designing can 
be the (defi ning) function of engineering or even one major element of an engineer’s 
function – because, as I see it, there is no function that engineers, and only engi-
neers, seem to have (except, of course, engineering itself, which is what we are 
trying to defi ne). 

 If not defi ned by its function, what can defi ne engineering? I have elsewhere 
given two answers to that question, one negative and one positive. (See, especially, 
Davis  1998 .) The negative answer is that, if “defi ne” means giving an abstract defi -
nition (for example, by genus and species), there are only practical defi nitions, use-
ful for a particular purpose. There can be no philosophical defi nition, that is, one 
that captures the “essence”, “nature”, or “Platonic form” of engineering – because 
engineering no more has an essence, nature, or Platonic form than you or I do. Like 
you and me, engineering is a mere individual, a work of history rather than of logic 
or a priori reason. Therefore, all attempts at philosophical defi nition will either be 
too abstract to be informative, or circular (that is, defi ne “engineering” using “engi-
neering” or an equally troublesome term such as “technical”), or open to serious 
counter-examples (because they exclude from engineering activities clearly belong-
ing or because they include activities clearly not belonging), or suffer a combination 
of these errors. 

 The positive answer helps to explain this negative one: Like other professions, 
engineering is self-defi ning (in something other than the classical sense of defi ni-
tion). There is a core, more or less fi xed by history at any given time, which decides 
what is engineering and what is not. This historical core is not a concept but an 
organization of living practitioners who – by discipline, occupation, and profes-
sion – are undoubtedly engineers. They constitute the profession, that is, they admit 
or reject candidates for membership, using criteria such as similarity in education, 
method of work, and product. Often these criteria work like algorithms. So, for 
example, the ordinary physician or philosopher clearly is not an engineer (that is, 
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competent to engineer), while the typical graduate of an ABET-accredited engineering 
program with a few years experience successfully working as an engineer just as 
clearly is. 1  But perhaps as often these criteria cannot be applied without exercise of 
judgment. Does someone with a degree in chemistry who, say, has successfully 
managed a large refi nery for 5 years, count as an engineer because what she has 
been doing is, in effect, “chemical engineering”? (Davis  1998 , Chap. 3; Davis  2010 ) 

 We can now understand what was going on at that unnamed technological uni-
versity. The president, not himself an engineer, was applying a functional defi nition 
of engineering, one that could not distinguish between engineering and closely 
related technologies. The Dean of Engineering then applied engineering standards 
(especially, ABET’s list of engineering disciplines), which did precisely that. These 
standards recognized naval architecture and applied physics as engineering but 
excluded “engineering technology” and “packaging science”, as well as software 
engineering, social engineering, genetic engineering, re-engineering, fi nancial 
engineering, architecture, computer science, industrial design, synthetic chemistry, 
and so on. 

 But, it will be objected, surely the theoretical question of what is and what is not 
engineering cannot be settled in such a practical way. There are good reasons for, 
say, excluding architecture and synthetic chemistry from engineering while includ-
ing naval architecture or applied physics. 

 I agree. But those reasons are themselves a consequence of history, that is, a 
consequence of decisions that, over several centuries, made the discipline of engi-
neering what it is today. The discipline might have been different, indeed, so differ-
ent that it would not count as engineering at all.  

    Discipline 

 By “ discipline  ”, I mean any set of standardized ways of carrying on a specifi c activ-
ity, developed over time and taught in some structured way. Breathing is not a dis-
cipline but the breathing required for meditation is. Building is not a discipline but 
building according to the standards of the Guild of Masons was. Inventing is not a 
discipline, but engineering is. 

 The history of engineering is in large part the history of its discipline. The way I 
tell that story, the discipline began to take shape after the French created  the  corps 
du génie    in 1676. Had the French given a different name to that organization (say, 
 corps de l’artifi ce  or  corps du mécanisme ), we might well have a different word for 
engineering (say, “artifi ce” or “machining”). Before 1676, the term “engineering” 
(or its equivalent) referred to a function (primarily, the management of sieges, 
whether defense or assault, and whatever skills were necessary for that function). 

1   ABET, Inc. (formerly the Accreditation Board of Engineering and Technology) is the non- 
governmental organization that accredits engineering programs in the United States. It also accred-
its some other technology programs, including computer science and applied science. 
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An engineer was simply someone who managed sieges (catapults, artillery, trenching, 
sapping, and so on). Within a few decades after 1676, the term engineering (or, 
rather,  le génie ) referred to the French way of doing such things. By then, engineering 
was a discipline. 

 To say that engineering (in the sense relevant here) did not exist before 1676 is 
not to say there were no technological achievements before then that might now 
count as engineering. There were, of course, for example: the invention of the ax, 
sling, and spear; the building of the Passage Tomb at Newgrange (3,200 BC), the 
Egyptian pyramids (2,575–2,150 BC), and the Beijing-Hangzhou Grand Canal 
(581–618 AD). To say that engineering did not exist before 1676 is to say instead 
both that no one called “engineer” did any of these things and that those who did do 
them did not work as engineers typically do but according to another discipline – or 
no discipline at all. The history of engineering is only a small part of the history of 
technology. 

 During the 1700s, the French slowly developed a curriculum – a sequence of 
formal courses – to teach the new discipline to those who were to be engineers in 
(roughly) our sense,   offi cieurs du génie    (not enlisted men with shovel or saw, an 
older sense of “engineer”). There was much curricular experimentation, some of 
which – from our perspective – may seem ridiculous, such as (for a time) including 
riding, dancing, and fencing in the curriculum. But, by the late 1700s, the curricu-
lum was recognizably what it is today: calculus, physics, chemistry, mechanical 
drawing, statics, dynamics, and so on. There was a common core lasting 3 years; 
then, in the last year, the engineers specialized, choosing artillery, military engineer-
ing (fortifi cation and sieges), mining, bridges and roads, cartography, or shipbuild-
ing. Though the engineering curriculum has changed much since then (for example, 
adding electricity and computing), today’s engineering curriculum resembles that of 
1800 more than it resembles any other discipline’s curriculum then or now. 

 Generally, it is this curriculum, or rather the distinctive discipline resulting from 
it, that distinguishes engineers at any time from the non-engineers around them, 
whether they have “engineer” in their job title or in the name of their discipline. So, 
for example, Benjamin Wright ( 2013 ), the Chief Engineer of the  Erie Canal   ( 2013 ) 
(1817–1828), was a self-taught surveyor with only a primary school education. 
Though he certainly functioned as an engineer (so much so that civil engineers like 
to claim him as the “father of American civil engineering”), he is in fact proof that 
one could still be a great builder without being an engineer. The nineteenth century 
had many other such builders, such as the gardener,  Joseph Paxton   who, though 
without any formal education, designed and oversaw construction of the  Crystal 
Palace   to house Britain’s Great Exposition (1851). Indeed, it was only late in the 
nineteenth century that engineers (strictly so called) came to dominate large build-
ing projects. Today, the Crystal Palace could not be built without engineers involved 
at every stage after the initial sketch. 

 Have I not (it might be objected) put too much emphasis on the curriculum as the 
means of distinguishing the engineering discipline from other technological 
 disciplines? The fi rst year or two of the engineering curriculum today differs little 
from the corresponding curriculum in math, physics, or chemistry. In the last 2 
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years, it does differ from these, but the curricula of the major fi elds of engineering 
differ considerably too. Does that not make it hard to see engineering as a single 
discipline – without falling back on generalities that make it hard to distinguish 
engineering from the physical sciences? Indeed, the problem of line-drawing may 
be getting worse. One fi eld of engineering, electrical and computer (ECE), seems to 
be abandoning courses that have helped to defi ne the engineering curriculum since 
the eighteenth century, especially statics, dynamics, and thermodynamics. Surely, 
such changes do not individually, or even collectively, mean that ECE has ceased to 
be an engineering discipline. But, if they do not, then what does make engineering 
a single discipline – if it is. 

 This objection points to two unusual features of the way I have understood engi-
neering. The fi rst is that I have described the engineering profession as making 
decisions concerning the “similarity” (or difference) between the candidates for 
admission to the profession and those disciplines already in. Similarity is always a 
matter of degree. Matters of degree are often matters of judgment. Matters of judg-
ment are subject to reasoned disagreement even among those competent to decide. 
There is no simple “fact of the matter”. I therefore have no reason to be concerned 
if some people, even some whose judgment on matters of engineering I respect, 
have doubts about the engineering status of some discipline when I do not. What I 
have said about engineering stands as long as there is a historical core about which 
there is no dispute. That core can then make decisions about the others – decisions 
anyone, even a philosopher, can approve or criticize (just as judges make legal deci-
sions which anyone may approve or criticize). But, just as with judges, so with the 
engineering professions: their judgments concerning membership matter in a way 
mine do not. 

 The other unusual feature of the way I have understood engineering is that inclu-
sion of a discipline in engineering is (in part) a matter of history. That means, among 
other things, that what has already been included matters to what will be included. 
Consider ECE again. It might be that, if ECE were invented today, it would – like 
software engineering – not be recognized as engineering (strictly speaking). On the 
other hand, because of past decisions, ECE, already an engineering discipline, is 
likely to remain so in part at least because it is itself part of the comparison group. 
The departure of what was formerly an engineering discipline is unlikely to occur 
until the difference between that discipline and the rest of engineering has become 
so great that working as a single discipline seems too inconvenient. The inconve-
nience will consist in part of differences in curriculum (what engineers are supposed 
to know) but in part too in what happens after members of the discipline enter prac-
tice. Right now, the various disciplines of engineering do not seem to have trouble 
working together as engineers. Indeed, engineers not infrequently migrate from one 
fi eld of engineering to another during their career. If, as a result of changes in cur-
riculum, a certain engineering discipline can no longer work with other engineering 
disciplines without standing out as alien, then either the changes in curriculum will 
be abandoned or the former engineering discipline will eventually be accounted 
something other than engineering (strictly so called) – as happened, for example, 
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with “scientifi c management” (which began within mechanical engineering and 
ended up as operations management and research, a business discipline). 

 So, I agree that recent changes in the ECE curriculum do not “mean” that ECE is 
no longer an engineering discipline. Of course, “mean” suggests that there is a sharp 
line between engineering and everything else, one making judgment unnecessary. 
Either recent reforms in the ECE curriculum have obviously passed that line or they 
have not. As I have defi ned engineering, though, not only is there no sharp line 
between engineering and everything else (except what engineers happen to draw) 
but also that there is a process of deciding a discipline’s status as engineering that 
may take years to reach a conclusion. The objection thus seems to miss the point of 
my historical defi nition. Ultimately, it is history that decides – with abstract reasons 
(similarities and differences) constituting only some of the relevant considerations.  

    Occupation and Profession 

 Though the curriculum of engineering is recognizable by the late 1700s, engineer-
ing did not become an occupation until many decades later. This will seem a strange 
claim to anyone who does not appreciate how much is built into the term “occupa-
tion”. By “ occupation  ”, I mean any fulltime activity defi ned (in part at least) by a 
certain body of knowledge, skill, and judgment (a discipline) by which one can (and 
a signifi cant number of people do) earn a living. Not all disciplines are occupations. 
So, for example, fencing, though certainly a discipline, is (in the US at least) not a 
way to earn a living (though teaching fencing may be). 

 Engineering could not become an occupation until it ceased to be an exclusively 
military activity and became something more or less independent. Until then, engi-
neers were a certain kind of military offi cer. They did not have a “calling” of their 
own. Engineering (strictly speaking) did not separate from military engineering 
much before the 1830s when railroads became the fi rst important civilian employer 
of engineers. It was about then that the earlier distinctions between kinds of military 
engineering, including “civil engineering” (roads and bridges), became a distinction 
between military engineers (of all kinds) and civil engineering (in the modern 
sense), that is, the building of great works for civilian purposes, and mechanical 
engineering (that is, the building of boilers, pumps, and other machines). 

 But even after civilian engineering separated from military engineering, engi-
neering still could not be an occupation. Engineers were still gentlemen. And, until 
well after 1830, a gentleman could not earn a living. To earn one’s living meant 
“going into trade” or becoming “a hired man” (or, worse, a servant). For a gentle-
man to go into trade or become a hired man was to cease to be a gentleman. 
Gentlemen were supposed to have enough inherited wealth to live decently (or, at 
least, were supposed to act as if they did). Any money a gentleman received for what 
he did when following a “calling” was not earned (the way wages, pay, or salary is 
earned) but given as an honor (much like the modern “tip” but without its demean-
ing  suggestion of subordination). What to us would clearly be payment for services 
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rendered was a “pecuniary acknowledgement” (as physicians called it). Even today, 
professionals tend to refer to the price of their services as “my fee” – a word recall-
ing “the knight’s fee”, that is, the land given to a knight so that he could afford 
weapons, armor, horse, and the time to fi ght for his lord. Gentlemen did not work to 
live but, if they worked at all, lived for their work, whether reimbursed or not. 
Engineering could not become an occupation until that conception of “gentleman” 
lost its force (or until engineers became tradesmen or manual laborers). 

 The term “gentleman” did not die – as, for example, its opposites, “villain” and 
“churl”, did (more or less). Instead, gentlemanliness was reconceived as one or 
more of its former implications, especially, good manners, good character, and good 
education (college or its equivalent). In the rough markets of the late nineteenth and 
early twentieth century, being a gentleman in this sense (polite, decent, and well- 
educated) was not necessarily an advantage. Eventually certain occupations, those 
that tended to attract gentlemen, began to organize to help gentlemen earn their liv-
ing as gentlemen (in something like the new sense of “gentlemen”). Each of these 
occupations was, or at least was intended to be, “a profession, not a mere trade or 
money-making calling”. 

 The term “ profession  ” has several senses today. In one, it is just a synonym for 
“occupation”. A professional in this sense is the opposite of an amateur. In another 
sense, a profession is an honest occupation (one it is safe to profess, that is, to 
declare openly). In a third, a profession is a “learned art” (one requiring a knowl-
edge of Latin and, hence, a university education). The opposite of a professional in 
this sense is a “mere artisan” or “mere mechanic”. All three of these senses are quite 
old. During the late nineteenth and early twentieth century, “profession” came to 
have a new sense, one that provides an interpretation of the slogan, “a profession, 
not a mere trade or money-making calling”. I have argued elsewhere that the follow-
ing defi nition best catches this new sense: A profession is a number of individuals 
in the same occupation voluntarily organized to earn their living by openly serving 
a moral ideal in a morally-permissible way beyond what law, market, morality, and 
public opinion would otherwise require (Davis  2009a ). 

 While each profession (in this sense) is a historical individual, profession as such 
is an ordinary concept (or conception), one developed by considering what the indi-
viduals apparently collected under the term are. Formal statements of the concept, 
that is, attempted defi nitions of it, might change over time both because the concept 
itself is changing or because our understanding of the concept has changed (or for 
both reasons). So, for example, the defi nition of “water” is different now from what 
it was, say, 300 years ago. That is in part because the concept no longer includes all 
clear, colorless, odorless, and tasteless liquids, but also in part because we have 
learned that water is H 2 O (that is, that most of what was once called water consists 
of this chemical compound while some liquids once counted as water, such as aqua 
vitae, do not) .  Those who seek the meaning of profession in the origin of the term 
misunderstand how language works. Though the origin of the term can be sugges-
tive, it can never be more than that. The concept a term names stands at the other end 
of its history. 
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 Professions have been mocked as “gentlemen’s clubs”. Those so mocking them 
generally do not explain what is wrong with gentlemen’s clubs. They should. After 
all, there is much to be said for a gentlemen’s club if the alternative is, say, a crimi-
nal gang or illiterate clique. My guess is that what is supposed wrong is the criteria 
of membership. If, as with an ordinary gentlemen’s club, membership in a profes-
sion were determined by sex, race, family, religion, and the like, then there would 
be something objectionable about professions. A gentlemen’s club in which the 
membership is determined merely by sex, race, family, or the like marks of compan-
ionability would still be a gentlemen’s club. Indeed, it might even be a good one. 
The purpose of a gentlemen’s club is, after all, to please its members in a certain 
way (providing a home away from home, good company, and so on). A gentlemen’s 
club makes no pretence of doing anything more exalted. Gentlemen’s clubs differ in 
this respect from other similar voluntary associations, such as the Kiwanis or Lions 
Club, which have a higher purpose (charity). Professions also differ from a gentle-
men’s club in this respect. To be a profession, a voluntary association must – as the 
defi nition given above says – seek to serve a moral ideal (in a morally permissible 
way beyond what law, market, morality, and public opinion would otherwise 
require). 

 A  moral ideal   is a state of affairs every rational person (at his rational best) 
recognizes as a signifi cant public good, that is, as something desirable enough 
that he wants everyone else to aid in achieving it, whether by positive support or 
merely by not interfering, even if their doing so would mean having to do the 
same. Among moral ideals are: justice, public health, knowledge, and beauty. 
The moral ideal of engineering is (roughly) improving the material condition of 
society. To serve that ideal as engineers, engineers must be competent in their 
discipline, honest in its practice, and so on. The sex, race, family, religion, class, 
or the like of an engineer is (more or less) irrelevant. Indeed, taking those factors 
into account in the selection of engineers is likely to exclude some candidates 
who would be good engineers or include some candidates who would not be 
(depending on which criteria are used and whether they are used positively or 
negatively). Hence, insofar as engineering seeks to serve its moral ideal, it should 
not select its members in the way a gentlemen’s club properly selects its members. 
Selecting members by sex, race, family, and so on would tend to impede serving 
engineering’s moral ideal.  

    Profession and Codes of Engineering Ethics 

 Like other professions, engineering seeks to serve its moral ideal by setting (mor-
ally permissible) standards that require more of engineers than law, market, moral-
ity, and public opinion otherwise would. These are the “higher standards” that are 
supposed to distinguish a profession from a mere trade or money-making calling. 
They are “higher” in the sense that they require (morally permissible) conduct that 
law, market, morality, and public opinion do not require (or at least, do not require 
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until the profession has established the standards in question). These standards are 
“special” insofar as they apply to the profession in particular, not to all moral agents 
as such or even to all professions as such. 

 A profession’s special standards are correctly identifi ed as the profession’s 
“ethics” and incorrectly identifi ed with the profession’s “ code of ethics  ”. I have 
argued elsewhere that professional ethics is best understood as those morally per-
missible standards of conduct that every member of a group (the profession in ques-
tion) wants (at her rational best) every other member of that group to follow even if 
their doing so would mean having to do the same. See, especially, Davis ( 2002 ). 
Given this defi nition of professional ethics, it is, I think, obvious that the ethics of 
engineers includes a good deal more than what is called “the code of engineering 
ethics”. Among the standards that are ethics in this sense are technical standards of 
safety, quality, and documentation. Or, to put the point another way, the entire dis-
cipline of engineering – apart from those few standards in dispute at any time – con-
stitute the ethics of engineering. What engineers call “a code of ethics” is simply the 
most general statement of the discipline. 

 To say of some statement (or command) that it is an (actual) “standard of con-
duct” is to make two implicit claims. The fi rst is that the statement generally guides 
conduct, that is, that its instructions are followed, that those it governs generally use 
it to evaluate their own conduct or that of others in the relevant group, and that 
members of the group generally use it to criticize publicly their own conduct or that 
of others in that group. If the standard does not generally guide conduct, it is an 
ideal (or model) standard, but not an actual standard – that is, not “really” a standard 
at all. An actual standard resembles a scientifi c law insofar as it allows us to predict 
(with reasonable success) what those it supposedly governs will do. 

 The other claim implicit in saying that some statement is a standard of conduct 
is that, though it generally guides conduct, the standard does not always. Statements 
that always “guide” conduct are not standards but scientifi c laws (strictly speaking). 
So, pointing to a few violations of a code of ethics does not refute the claim that it 
is an actual standard of conduct. A few violations may be explained away as, for 
example, the result of differences of opinion (rather than as indifference to ethics), 
as the result of factual mistakes, or simply as anomalies. To refute the claim that a 
code of ethics is a living practice requires showing that there are so many violations 
that the code tells us little, if anything, about what those whom the code supposedly 
governs will do. 

 I am therefore inclined to dismiss those critics of ethics codes who move from a 
few obvious violations of a code to the conclusion that the code in question is “mere 
 window dressing  ”. Certainly, codes are (or, at least, may be) “window dressing”, 
that is, something put on display to potential customers in order to attract them into 
the store that lies behind the window. There is nothing wrong with window dressing 
as long as the store actually provides what it displays in the window. The problem 
is with  mere  window dressing, that is, with displays that mislead concerning the 
stock inside. On the evidence I have, codes of ethics in general, and codes of engi-
neering ethics in particular, are not mere window dressing. I have myself inter-
viewed several dozen engineers and found them to be serious about engineering 
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ethics. I have also been assigning students in Engineering Ethics a paper requiring 
them to interview an engineer of their own choosing. Generally, they have found 
those they interviewed not only serious about engineering ethics but knowledgeable 
enough to give reasonably good answers to an engineering ethics case the interviewer 
posed to them. We defi nitely need empirical work on the question of how much 
engineers actually follow their ethics, including their technical standards, but absent 
such a study showing the opposite, I think the evidence points to the conclusion that 
engineering ethics is a living practice. 

 Indeed, it could hardly be otherwise – or, at least, otherwise for long. The public, 
including sophisticated businesses and governments, employ engineers for certain 
jobs when they could employ other technologists – and, in the past, did. Apparently, 
they do so because they suppose engineers to have certain ways of doing certain 
tasks different from their technological competitors. They suppose that because 
engineers have proved that they routinely do a better job than their technological 
competitors at those tasks (constructing large bridges, boilers, chemical plants, 
computer chips, and so on). Like a trademark, the term “engineer” is valuable only 
so long as individual engineers generally confi rm the expectation that that term 
invites. Once engineering’s special standards became mere window dressing, not 
much time would pass before only a fool would employ an engineer. 

 I have not claimed, please note, that most engineers have ever read their code of 
ethics, much less that they regularly consult it. The interviews that led me to the 
conclusion that engineers generally act as their codes of ethics require have taught 
me that most engineers cannot even recall seeing a code of engineering ethics. The 
engineering code seems to be “hardwired” into engineers. Of course, “hardwired” 
is a metaphor for a process we do not understand very well. Yet, we can be pretty 
sure that the process is not the self-selection by which students choose engineering. 
Those of us who teach engineering students in their fi rst-year as well as in advanced 
courses can see that many of the attitudes we take for granted in fourth-year engi-
neering students are not present in fi rst-years. The hardwiring seems to occur during 
the 4 years of engineering school. Since few engineering courses (at least until 
recently) explicitly discussed engineering ethics, my best guess is that most engi-
neers learn ethics through instruction in technical standards (which goes on almost 
everywhere in the engineering curriculum). The students learn engineering ethics 
much as native speakers learn their own language, that is, while doing something 
else. 

 Like many other professions, engineering seems confused about the moral sta-
tus of its code of ethics (but not, I think, its technical standards). There are at least 
four reasons for that confusion. First, there is the question of how many codes there 
are. On the one hand, there seem to be dozens because so many engineering asso-
ciations have their own code. The American Society of Mechanical Engineers has 
one; the American Institute of Chemical Engineers has another; ABET has another; 
and so on. Yet, these codes differ in language more than substance and even many 
differences that seem substantive at fi rst disappear upon inquiry. (For example, 
engineers whose code of ethics does not yet include a provision on sustainable 
development seem to interpret the environmental or public welfare provision to 
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include sustainable development.) I have therefore come to think of the many for-
mal codes as much like the many dictionaries of (American) English. Though they 
differ, they are reporting the same underlying reality. One code simply omits what 
another includes because of a different purpose, style, or the like. One includes 
an interpretation that might be helpful in a certain context or fails to take account 
of recent change (because of editorial standards or date of publication). And so on. 
This variety in formal statement is consistent with (more or less total) agreement 
on the “unwritten code”. 

 The second reason engineers have to be confused about the moral status of their 
code of ethics concerns the source of a code’s moral authority. There are in fact at 
least two possible sources. 2  Some codes of ethics are supposed to be morally bind-
ing because those governed have taken an oath, made a promise or commitment, or 
otherwise given the code an “external sanction”. (The  IEEE’s code of ethics      is a 
good example of this sort: IEEE members “commit” themselves to it when they join 
the IEEE.) The other source of a code’s moral authority is “internal” to the practice, 
much as the moral obligation to follow the rules of a morally permissible game 
arises from one’s voluntary participation in the game. (A good sign that we have 
such a code before us is that it applies to “engineers” as such, rather than members 
of some formal association.) The idea is that, when a person voluntarily claims the 
benefi ts of a code of ethics – for example, the special trust others place in those 
whom the code binds – by claiming to be a member of the relevant group (“I am an 
engineer”), that person thereby takes on a moral obligation, an obligation of fair-
ness, to do what the code says. Because a code of ethics applies only to voluntary 
participants in a special practice, not to everyone, a code, if it is generally followed, 
can create trust beyond what ordinary moral conduct can. It can create a special 
moral environment. So, for example, if engineers generally “issue public statements 
only in an objective and truthful manner [including] all relevant and pertinent infor-
mation” (as the NSPE Code of Ethics, like most others, requires), public statements 
of engineers will generally (and justifi ably) be trusted in a way those of politicians, 
lobbyists, and even ordinary private citizens would not be. Engineers will therefore 
have a moral obligation to do as required to preserve that trust. They will have a 
special moral obligation to provide all relevant and pertinent information even when 
others do not have such an obligation. 

 The third reason engineers have to be confused about the moral status of their 
code of ethics is controversy concerning whether – to be more than “mere window 

2   I ignore a third possibility here, that the code has moral authority because the code’s content 
consists of rules derived (either by deduction or determination) from general moral rules (a kind of 
natural law approach rather than the two variations of social contract offered here). I ignore that 
possibility here because no modern code claims moral authority in this way. That was, however, 
not always so. The  AMA  code of 1847 presented itself as a work of “deontology” (Davis  2003 ). I 
also ignore other possibilities that will immediately come to a philosopher’s mind, such as a grant 
from (or contract with) society, because they also do not seem to have anything do with present 
confusion among engineers about the moral status of their profession’s code of ethics. 
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dressing” – the code must be enforced in the way laws are enforced, that is, by for-
mal penalties (such as reprimand, fi nes, suspension, or expulsion). The legal (or 
“compliance”) model of ethics often leads to calls for mandatory licensing of 
 engineers, enactment of the code as “professional regulation”, and an offi cial body 
with the power to bar an engineer from practice for serious violation of the code of 
ethics. While there may well be good reason for legal enforcement of some aspects 
of the code of ethics, understanding ethics as primarily about law-like enforcement, 
that is, formal means of holding engineers accountable (such as expulsion from a 
professional association), simply confuses ethics with law. Law, custom, and other 
external guides to conduct do not claim to be standards everyone in the group (even 
at their rational best) wants everyone else to follow. Law, custom, and the like must, 
then, depend heavily on external enforcement. Ethics, on the other hand, need not. 
Insofar as individual engineers can see how everyone following the standards in 
question serves their interest, they have reason to do their share to maintain the 
trademark’s value, that is, they have reason to act as engineers should. If they are 
dishonest, or simply indifferent to long-term consequences, they may (even at their 
rational best) fi nd that reason unconvincing. They will therefore be incapable in 
principle of joining the profession (whatever their education and experience). In 
practice, they are likely to be driven from engineering by peer-pressure, employer 
avoidance, civil damages, or even criminal punishment. Most engineers, however, 
may be counted on to do their fair share (insofar as they understand it) because they 
are relatively rational and morally decent and understand that doing anything else 
would, all else equal, be morally wrong. 

 The fourth reason engineers have to be confused about the moral status of their 
profession’s code of ethics is that different codes formally apply to different engi-
neers. Some codes apply only to members of an association, some apply only to a 
class of engineers not defi ned by organization, and some apply to “engineers” gen-
erally. The IEEE’s Code of Ethics is a good example of the fi rst; the (Asian) 
Declaration on Engineering Ethics, of the second; and the code of ethics of the 
National Society of Professional Engineers (NSPE) ( 2007 ), of the third. The fi rst 
sentence of the IEEE code says that IEEE members “do hereby commit ourselves to 
the highest ethical and professional conduct and agree” to the ten rules constituting 
the body of the code (IEEE  2013 ). 3  The suggestion is that, but for IEEE member-
ship, the engineers in question would not have those obligations. The Declaration 
(adopted by the national engineering societies of China, Korea, and Japan in 2004) 
speaks instead of “Asian engineers”. Interestingly, the only signifi cant difference 
between the standards of the Declaration and the IEEE or NSPE code seems to be 
the last: “Asian engineers shall … Promote mutual understanding and solidarity 
among Asian engineers and contribute to the amicable relationships among Asian 
countries.” (Asian Code 2004) The NSPE Code ( 2007 ), in contrast, speaks only of 

3   The IEEE is the organization formerly known as “The Institute for Electrical and Electronics 
Engineers”. 
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“engineers”. There is no distinction between ordinary engineers and (licensed) 
Professional Engineers, American engineers and others, or NSPE members and 
non-members. The suggestion is that the obligations arise from being an engineer, 
that is, from membership in the profession of engineering, not from membership in 
any technical, scientifi c, or professional association. 4  Only codes of ethics that 
apply to the profession as a whole are properly codes of professional ethics; the others 
are organizational codes (such as the IEEE’s) or sub-professional codes (such as the 
Asian Declaration).  

    Conclusion 

 I have, I hope, now explained the importance of the distinction between function, 
discipline, occupation, and profession for the study of engineering ethics. While 
doing that, I tried to dispose of several objections commonly raised to this way of 
understanding engineering. Some of the objections seem to make the error of trying 
to refute a general claim with a few counter-examples, forgetting that general claims 
(which claim to be true “for the most part”) cannot be refuted with a counter- 
example or two in the way that universal claims can be. The other objections seem 
to rely on empirical claims that, if true at all, remain to be proved. The error of these 
objections is putting the burden of proof on the wrong party.     
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    Chapter 5   
 Engineering Ethics and Engineering 
Identities: Crossing National Borders 
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    Abstract     This article describes and accounts for variable interests in engineering 
ethics in the United States, France, Germany, and Japan by locating recent initiatives 
in relation to the evolving identities of engineers. A key issue in ethics education for 
engineers concerns relationships between the identities of engineers and the contents 
and responsibilities of engineering work. These relationships have varied 
signifi cantly over time and from country to country around the world. One 
methodological strategy for sorting out similarities and differences in engineers’ 
identities is to examine who counts as an engineer, or what makes an engineer. The 
signifi cant interest in engineering ethics in the United States has been linked to 
diffi culties in adding professional identities to corporate employment. While 
engineering ethics has attracted little interest in France and formal education in the 
subject might very well be seen as insulting, German engineering societies have, 
since the conclusion of World War II, demanded from engineers a strong commitment 
to social responsibility through technology evaluation and assessment. In Japan, 
recent fl ourishing of interest in engineering ethics appears to be linked to concerns 
that corporations no longer function properly as Japanese “households.” In each case, 
deliberations over engineering ethics emerge as part of the process through which 
engineers work to keep their fi elds in alignment with their changing images of 
societal advancement.  
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        Introduction 

 Professional  ethics   has become a well-established dimension of engineering educa-
tion and practice in a number of countries – and may even be described as undergo-
ing a process of globalization. Since the mid-1980s the U.S. Accreditation Board for 
Engineering and Technology (ABET) has increasingly required engineering pro-
grams to include the teaching of professional ethics – a requirement given new 
specifi city in 2000, with the stipulation that 1 of 11 demonstrable outcomes should 
be “an understanding of professional and ethical responsibility.” That same year the 
Japanese Accreditation Board for Engineering Education (JAABE) likewise began 
to require accredited programs to have an “understanding of … engineers’ social 
responsibilities (engineering ethics).” Other expressions of commitment to engi-
neering ethics can be found in the  Charte d’Éthique de l’Ingénieur  [Charter of 
Ethics of the Engineer] published by the Conseil National des Ingénieurs et 
Scientifi ques de France (CNISF or National Council of Engineers and Scientists of 
France) in  2001 , and the  Ethische Grundsätze des Ingenieurberufs  [Fundamentals 
of Engineering Ethics] issued by the Verein Deutscher Ingenieure (VDI or 
Association of German Engineers) in  2002 . 

 Despite the obvious similarities of these initiatives, however, such emergent 
interests in engineering ethics are the products of distinct historical trajectories and 
have signifi cantly different implications locally. For example, in issuing its new 
criteria, ABET, which traces its history back to the 1930s, was concluding a decade- 
long modifi cation of its accreditation system. By contrast, JABEE, which was only 
created in 1999, was introducing the concept and practice of accreditation for the 
fi rst time. In the French case, the  Charter for Engineering Ethics  was a new docu-
ment issued by an engineering alumni organization, with no direct implications for 
any educational curriculum. The German  Fundamentals of Engineering Ethics  like-
wise has only indirect educational import, yet derives from a history that goes back 
to a post-World War II revival of professional engineering. 

 Such initial contrasts suggest that any real understanding of the global dimen-
sions of engineering ethics requires further considerations of ethics in relation to 
differing trajectories of engineers’  identities  , including self-understanding (Downey 
and Lucena  2004 ). Ethical responsibility is a dimension of position and identity. 
Although similarities exist among lawyers, physicians, and engineers across 
national or cultural boundaries, there are often insuffi ciently recognized differences. 
For researchers and teachers interested in engineering ethics and students learning 
about professional practice in engineering, efforts to appreciate such differences can 
enhance their own self- understandings as well. In addition, the extent to which engi-
neering ethics in different countries are now infl uencing one another, for example 
by the dissemination of ABET-like criteria around the world, depends in part on 
how national differences originally developed and how well such developments are 
appreciated.  
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     United States  : Engineers and Private Industry 

 As historian Edwin Layton ( 1971 ) has shown, engineers in the United States have 
long struggled with the fact that, unlike lawyers or physicians, they have been pro-
fessionally divided into civil engineers, mechanical engineers, electrical engineers, 
and a host of other discipline and class specifi c groups. For instance, the American 
Society of Civil Engineers (ASCE, founded in 1852), adopted high membership 
standards and became an elite organization sometimes at odds with business inter-
ests. By contrast, the American Institute of Mining Engineers (AIME, founded in 
1871) was more egalitarian and regularly allied itself with business interests in the 
mining industry. In response to ASCE professionalism and AIME commercialism, 
there appeared the American Society of Mechanical Engineers (ASME, 1880) and 
American Institute of Electrical Engineers (AIEE, 1884), attempting different 
blends of autonomous professionalism and economic pragmatism. The subsequent 
formations of the Society of Automotive Engineers (SAE, 1904), American Institute 
of Chemical Engineers (AIChE, 1908), and Institute of Radio Engineers (IRE, 
1912) only intensifi ed the fragmentation typical of professional engineering in the 
United States. 

 In response to these centripetal movements, there emerged a series of centrifugal 
efforts to unite the professional engineering community. In 1880 it was the creation 
of the Association of Engineering Societies for a national engineering congress. In 
1911 it was formation of the Joint Conference Committee. Similar efforts can be 
found threaded through the Committee on Engineering Cooperation (1915), the 
American Association of Engineers (1915), the Engineering Council (1917), the 
Federated American Engineering Societies (1920), and the Engineers Council for 
Professional Development (ECPD, 1932) – the last of which has had a life longer 
than any other, eventually being transformed in 1980 into ABET. The very multi-
plicity of these efforts nevertheless indicates their weakness and attests to the fact 
that engineers in the U.S. are mostly not self-employed professionals, in contrast 
with physicians and lawyers, but employees of larger fi rms that benefi t from engi-
neering fragmentation. The individual engineer is typically not an autonomous or 
consulting engineer but one whose professional identity is defi ned in terms of the 
economic interests of private industry. 

 Parallel with such institutional efforts to unite the engineering profession were 
others to conceptualize the unique ideal that engineers pursue for the common good. 
The classic 19th century defi nition, that of the British engineer Thomas Tredgold 
(1788–1829), described engineering as “directing the great sources of power in 
Nature for the use and convenience of man” (Institution of Civil Engineers 
 2012 /1828, p. 4). But in comparison with the ideals that inspire the practice of medi-
cine and law – i.e., health and justice – “use and convenience” would seem to be 
lower-level goods subject to determination more by a client than by a professional. 
The dominant external interpretation of “use and convenience” in the U.S. has been 
the low cost and mass production of goods and services – an interpretation that the 
professional community has been challenged with since late nineteenth century 
(Downey  2007 ). 
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 One infl uential but failed effort to articulate an ideal that would justify more 
professional independence for engineers from business interests focused on 
efficiency as promoted by the technocracy movement (Akin  1977 ). From the 
perspective of the technocratic ideology, what business actually wanted was not 
so much low cost but high profi ts. Low-cost-based design and manufacturing 
shortcuts coupled with manipulative advertising offended the engineering ideal of 
technical effi ciency. In 1928, at the height of this dream of expanded engineering 
infl uence, on the basis of his public service achievements in post-World War I relief 
and the 1927 Mississippi River fl ood, Herbert Hoover was elected the fi rst profes-
sional engineer president of the United States. 

 But the effi ciency ideal was problematic on two counts. First, its elevation of tech-
nical expertise to public decision-making leadership tends to be at odds with locally-
dominant images of democracy. The major European totalitarian philosophies of the 
mid-twentieth century, communism and fascism, often justifi ed themselves by appeals 
to effi ciency. Second, as a ratio of outputs over inputs, effi ciency was context depen-
dent, subject to multiple interpretations depending on how the inputs and outputs 
themselves are defi ned. Engineers, as employees, remained subordinate to commer-
cial interests that defi ned effi ciency in terms of economic profi ts. 

 In another approach to the enhancement of professional unity and autonomy, 
U.S. engineering societies began in the early decades of the twentieth century to 
formulate codes of professional ethics. Initial attempts at code creation, for instance, 
prohibited the engineering criticism of other engineers in ways that would under-
mine unity, and as part of its unifying mission, the ECPD was tasked with drafting 
a code of ethics to bridge those of different member organizations. The fi rst ECPD 
code of 1947 actually constituted a watershed in U.S. engineering ethics develop-
ment by explicitly introducing responsibility for public safety, health, and welfare 
as a basic consideration. Then in a 1974 revision, the fi rst of seven fundamental 
canons became: “Engineers shall hold paramount the safety, health and welfare of 
the public in the performance of their professional duties.” 

 Over the next two decades, high-profi le cases such as two major DC-10 crashes 
(Paris in 1974 and Chicago in 1979) and a series of fatal accidents with the Ford 
Pinto automobile (manufactured from 1971 to 1980) – both associated with prob-
lematic engineering designs – conspired to raise public concerns about engineer-
ing safety. Beginning in the 1970s, the U.S. National Science Foundation 
promoted collaborative research between engineers and philosophers to better 
analyze engineering ethics issues – such as those associated with whistle blow-
ing, autonomy, and the “paramountcy clause” – and to develop appropriate mate-
rials for teaching engineering ethics. When the Challenger shuttle launch disaster 
of 1986 further revealed limitations on engineering independence, ABET was 
thus able to draw on existing work to promote more strongly requirements for 
ethics education as a component of all accredited engineering programs. Yet more 
recent attempts to integrate issues of sustainability and social justice into engi-
neering ethics discussions have proven less successful, likely because employers 
tend to judge them in confl ict with a dominant normative commitment to maxi-
mize sales and profi ts. 
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 The engineering profession in the United States has been a world leader in 
 promoting engineering ethics code development and associated educational 
activities. But this leadership has grown out of a long, and continuing, struggle and 
desire for professional unity and autonomy.  

     Japan  : Engineers and Households 

 In Japan the promotion of professional engineering ethics instruction began in the late 
1990s, stimulated in part by some high-technology accidents such as a sodium leak at 
the Monju fast-breeder reactor (1995) and a disastrous criticality accident at the 
Tokaimura reactor (1999). In this respect, there are similarities to the situation in the 
United States, where DC-10 crashes and the Challenger accident contributed to the 
rise of ethics education to promote professional autonomy. But for the Japanese engi-
neering community, it was not so much autonomy that was at issue as reforming a 
disordered household and meeting the perceived challenges of internationalization. 

 To understand the distinctive features of engineering ethics in Japan, it is impor-
tant to appreciate the role harmony plays for Japanese engineers in both domestic 
and international professional relations (Luegenbiehl and Fudano  2005 ). A key con-
cept here is that of the 家 ( ie , pronounced ee-aa, commonly translated into English 
as “household.”)  Ie  has multiple meanings and can refer both to a physical home or 
family estate and to a family genealogy. It can also involve economic and socio-
religious implications. As described by anthropologist Dorinne Kondo, in Japan a 
distinctive vision of the  ie  marks it as a basic social phenomenon and a site of obli-
gation and responsibility. “The  ie  is not simply a kinship unit based on blood rela-
tionship, but a corporate group based on social and economic ties.” Personal identity 
does not exist prior to or independent of the household but is defi ned by one’s posi-
tion within it “Subordinating one’s individual desires to that of the household enter-
prises takes on the character of moral virtue,” Kondo observed. “Pursuing one’s own 
plans and disregarding the duties toward the household smacks as selfi sh immatu-
rity” (Kondo  1990 , p. 131; see also Traweek  1993 , p. 401; Lanham  1979 , p. 5). The 
household serves as a center for attachment, or  uchi . 

 Students begin competing to demonstrate their appropriateness for corporate 
household attachments long before entering higher education, in kindergarten or 
even pre-school. The country is widely known for what the Japanese call “examina-
tion hell,” the extended preparation for higher education entrance examinations that 
determine life career paths (Vogel  1971 ). But examinees are not just revealing indi-
vidual achievement so much as demonstrating a mature other-directedness devel-
oped through the disciplined acceptance of hardship. In this sense preparation for 
the exam is about “polishing the heart” [ kokoro ]. As Kondo puts it,

  In Japanese society generally, hardship is considered one pathway to mature selfhood…. 
[E]ndurance and perseverance are among the most frequently cited virtues in Japanese 
society.... Learning to stick to a task, no matter how diffi cult or unpleasant, thus strengthens 
the  kokoro . (Kondo  1990 , p. 109) 
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   Those who achieve the highest entrance examination scores are able to enter 
 engineering programs at prestigious national universities. But in contrast with 
engineering students in the United States, once matriculated they need to do little 
more to warrant good employment. Typically, Japanese students regard their univer-
sity years as a well-deserved vacation from hard work. Although those in engineer-
ing work more than others, even for them university life constitutes something of a 
time-out from household duties. Having departed from the family household of ori-
gin, they are transitioning to the corporate household that will serve as the basis of 
identity and obligation for the balance of their working lives. 

 This distinctive approach to reckoning identity and responsibility through 
household- like social groups has a long history, one nodal point of which was estab-
lishment of the Japanese nation state under what is known in the West as the “Meiji 
Restoration” (1866–1869) (Chizuko  1996 ). Undertaken in response to the challenge 
of the West – as manifested, for instance, by U.S. Commodore Matthew Perry’s 
forced opening of Japan to world trade in the 1850s – the new imperial government 
explicitly restructured Japan as a “family state” (Shibata  2004 , p. 76). Survival 
could best be assured through the fulfi llment of obligations to a family state that has 
made possible an unusual openness to adaptations from the West such as industrial-
ization, provided such imports are subsequently given a Japanese form. 

 One key example of an import followed by a process of Japanization was techni-
cal education. In 1868, Yozo Yamao, who had been studying abroad in Glasgow, 
returned to become vice minister of education with the goal of establishing an engi-
neering school. The Imperial College of Engineering was founded in 1873 with 
Scotsman Henry Dyer imported to serve as head. The government then systemati-
cally replaced British professors with Japanese graduates until fi nally, in 1886, the 
College was merged into what became the University of Tokyo. 

 The University of Tokyo engineering program in turn has been a major source for 
managers and directors of the most powerful technology-based corporations (Morok 
and Nakamura  2003 ). One of the fi rst replacement faculty members, Fujioka 
Ichisuke, helped found Toshiba. Hitachi had 11 directors prior to 1941, all but one 
being engineering graduates from the University of Tokyo. Other graduates founded 
Toyota and Nissan (Odagiri  1998 , pp. 143–146). Although the post-World War II 
occupation authorities dismantled the militaristic hierarchies of the Japanese  ie , 
their practices also stimulated new forms of household formation, including those 
that included university-corporation partnerships for the development of science 
and technology. As Prime Minister Suzuki Kantaro already proclaimed shortly after 
Emperor Hiroito announced Japan’s surrender in 1945: “It is essential that the peo-
ple should cultivate a new life spirit of self-reliance, creativity and diligence in order 
to begin the building of a new Japan, and in particular should strive for the progress 
of science and technology, which were our greatest defi ciency in this war” (Morris-
Suzuki  1994 , p. 161). 

 During the postwar period, according to Kondo, the “company as family” became the 
basis of the Japanese employment system, which has been characterized by welfare 
paternalism, seniority promotions, lifetime employment, and worker identifi cation with 
the fi rm. But the great post-war success of the new corporate  ie , which extended corporate 
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households beyond the boundaries of the nation, also raised certain challenges. Extended 
household loyalties weakened and public scandals occurred as individual self-interest 
took precedence over harmonious service to a common goal. Given the household 
model, traveling down such a path risks, to invoke Kondo’s terms, “disregarding the 
duties toward the household,” failing to demonstrate “moral virtue,” and even “selfi sh 
immaturity” (Kondo  1990 , p. 131; see also Luigenbiehl 2004, p. 9). 

 Actions by professional engineering societies attempted to respond to such 
challenges. When working engineers attend continuing education classes in engineering 
ethics, they receive a booklet documenting their accomplishments. But these profes-
sionals are not being trained to become whistle blowers who risk job and career in 
the name of individual honesty and autonomous judgment (Wokutch and Shepard 
 1999 ). Although more than one commentator has described engineering profession-
als as learning “to judge what they should do or not to do according to the engineers’ 
ethics” (Ohashi  2000 ; Kawashima et al.  2004 , p. 101), there are subtle ways in 
which professional attachment is being emphasized as much as individualism. In 
the course of promoting ethical decision making, professional engineering societies 
are also offering themselves as  uchi , new centers of belonging responsible for defi n-
ing the identify of engineers in order to help them struggle with change. Ethics is 
also a means “to secure international acceptance of engineers’ qualifi cations” 
(Kawashima et al.  2004 , p. 101). 

 The JABEE criteria for engineering education that include explicit mention of 
engineering ethics further support this interpretation. In fi rst place among the eight 
new standards for assessing engineering education programs is teaching “the ability 
and intellectual foundation for considering issues from a global and multilateral 
viewpoint.” Second place goes to an ethics-related standard of learning to appreci-
ate “the effects and impact of technology on society and nature, and of engineers’ 
social responsibilities.” In this image of the Japanese engineering curriculum, what 
is primary is the development neither of abilities in mathematics and science nor of 
skills in engineering analysis – the fi rst outcomes listed in the ABET accreditation 
scheme – but learning to consider issues from a point of view that rises above self- 
interest, overcomes selfi sh immaturity, and locates one’s concerns and interests in 
relation to those of others engaged in the general pursuit of harmony. 

 Further evidence for the importance of  ie  in the new engineering professionalism 
can be found in the 1999 action by the Japanese Society of Civil Engineers to 
replace its “Beliefs and Principles of Practice for Civil Engineers” with a new “Code 
of Ethics for Civil Engineers.” The “Beliefs and Principles” had not been updated 
since 1938 and had been of relatively little consequence since its formulation. 
Although the new “Code of Ethics” admonishes engineers to “adhere to the ethical 
principles of self-disciplined moral obligation when applying advanced technol-
ogy” it also repeatedly stresses responsibilities to society at large. The fi rst provi-
sion, for example, states that the civil engineer shall “[a]pply his/her technical skills 
to create, improve, and maintain ‘beautiful national land,’ ‘safe and comfortable 
livelihood,’ and ‘prosperous society,’ thus contributing to society through his/her 
knowledge and virtue with an emphasis upon his/her dignity and honor.” A sense 
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emerges of the professional engineering society as a household through which 
obligations can legitimately be formulated and fulfi lled for the common good. 

 The national movement to promote professionalization and ethics among engineers 
may thus be read as an innovative move to establish the viability of a new household, 
the engineering profession, that functions both as an aid to corporate households 
and retains a primary obligation to the national household – one that may also serve 
as a pathway for engineers to work around those corporate households that have 
failed to fulfi ll their obligations at the national level (Wokutch and Shepard  1999 ). 
As Hideo Ohashi eloquently put it,

  We need a revolution of our consciousness, from ignoring to respecting professionals … 
The recovery of competitiveness should not be the fi nal target. We dream of a society whose 
keywords are safe, reliable, healthy, peaceful, and heart-warming. (Ohashi  2000 ) 

        France  : Engineers and Social Order 

 As noted, the French Charter for Engineering Ethics was not meant to become 
part of standard engineering curricula. The CNISF, which did not create even the 
fi rst version of this charter until 1997, coordinates the activities of alumni associa-
tions for engineering schools and has no oversight responsibilities for practicing 
engineers. Indeed, there is little evidence that most engineers in France have ever 
heard of CNISF (Didier  1999 ,  2000 ). At the same time, it is notable that this 
Charter explicitly links engineering with the concept of progress, describing engi-
neers as the source of innovation and the engine of progress: “L’ingénieur est 
source d’innovation et moteur de progrès” – a view that is undoubtedly held by 
many engineers in the United States, although this is not a statement that would ever 
be thought appropriate to an ethics code. 

 The key to understanding the larger disinterest in ethics in engineering educa-
tion in France rests with the longtime elite status of French engineers (Alder  1997 ). 
Unlike in the United States, engineers in France do not have to struggle for social 
respect. As the French journalist Jean-Louis Barsoux ( 1989 ) explains: “In France, 
engineering education does not play second fi ddle to medicine, law, or  architecture – 
it is the recognized way to the top, both socially and professionally.” Barsoux is 
referring to a special category of so-called “state” engineers, i.e., those who work 
as high-level civil servants in the national government. Although state engineers 
have been in the minority at least since 1900, their status has cast a favorable glow 
over all French engineers. 

 The ethics of French state engineers is both established and demonstrated by 
their participation in a rigorous exam system. Students who aspire to become engi-
neers have fi rst to complete a  baccalauréat , or high school diploma, with appropri-
ate emphasis in mathematics and science. They then undertake two years of 
math-intensive study in  classes préparatoires , often held in the same buildings in 
which they completed the baccalaureat. At the conclusion of this process, prospec-
tive students compete for positions in the elite schools, the so-called  grandes écoles , 
by sitting for the  concours , a combined written and oral exam whose scores are 
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published in local newspapers and determine who will be granted admission to 
which schools. In this respect, there are similarities with the Japanese system. 

 But in what sense is one’s morality demonstrated by successful completion of 
this process? Important clues lie in the fact that the process of gaining entry into one 
of the elite schools is not called “admission” but “promotion,” and that eventual 
graduates will forever identify themselves as cohorts based not on the year of gradu-
ation but on the year of matriculation. Furthermore, the rankings continue through-
out their studies, at the conclusion of which the highest-ranked graduates remain on 
pathways leading ultimately to senior positions in government ministries. By enter-
ing an engineering school, prospective state engineers join a system in which they 
serve as both leaders and embodiments of French society. 

 In contrast with the challenge of progress prominent in the United States – which 
aims for free market individualism maximized in the low-cost mass production of 
goods and services – since the Enlightenment the dominant view among French 
state engineers has been that the goal is rational social order achieved through sound 
mathematical principles. Such rational unifi cation takes place best in government, 
protected from the diverse economic perspectives and interests of private industry. 
Examples of this commitment to rational planning are legion. As historian Cecil 
Smith writes, “Ever since the birth of the Corps des Ponts et Chaussées in the eigh-
teenth century, French state engineers have promoted the complementary notions of 
rational public administration in the general interest and planning on a national 
scale.” For instance, in the 1820s, when Corps des Ponts director Louis Becquey 
gained approval for a national system of canals in France, private companies applied 
to construct the projects, following the practice in Great Britain. But Becquey suc-
cessfully “defended the interests of state engineers by arguing that the plans ‘are in 
the public interest, for without [state engineers’] supervision, private companies 
would indulge in the meanest economizing’”(Smith  1990 , p. 659). At the end of the 
century, a Corps des Ponts chief engineer successfully resisted the encroachment of 
private interests into plans for the electrifi cation of France as “ignorant greed 
[which] threatens to squander a national resource” (Smith  1990 , p. 685). 

 During the early twentieth century, a group of graduates from the most elite of the 
technical schools, the École Polytechnique (aka “ L’X ”), established the think tank 
 X-Crise  to promote an alternative philosophy to capitalism, communism, and fascism. 
They called it “planism.” Among them was Jean Coutrot, an engineer- intellectual and 
founder of the Centre d’Études des Problèmes Humains [Center for the Study of Human 
Problems]. According to Coutrot, the leadership of engineers was rooted in engineering 
analysis: “It is to the engineers, today, that it falls to construct better societies because it 
is them and not the legalists or politicians who hold onto the necessary methods” (Clarke 
 2001 , p. 81). As historian J. Clarke explains, for Coutrot and other engineers who were 
concerned about the dehumanizing effects of mass production, communist collectivism, 
and fascist centrism, “the central problem of their time was the question of how to orga-
nize a society that was both rational and human” (Clarke  2001 , p. 84). In some respects, 
what French engineers achieved in this instance was the rationalist ideal of the technoc-
racy movement that was growing in the United States during the same period. 

 After World War II, state engineers secured complete jurisdiction over electricity, 
train transportation, and atomic energy, all in the name of rational national planning 
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in the general or public interest. As Smith explains, “they acted as planners, economists, 
urbanists – ‘inter-ministerial generalists,’ drafting legislation and then the decrees to 
implement it” (Smith  1990 , p. 692). The infl uence of state engineers spread through 
a greatly enlarged “para-public” sector that included electric power, gas, coal, 
banks, airlines, telecommunications, Renault, and the French national rail system 
SNCF. “As true as it is that public engineers acted as an elite all too confi dent in the 
power of ‘superior light’ [lumières supérieures] to determine the ‘general interest,’” 
Smith concludes, “it is no less true that for 250 years they sustained an ethos of 
public service rarely found elsewhere” (Smith  1990 , p. 693). This is an ethos 
acquired at the  grandes écoles . 

 Since their eighteenth century founding, engineering educators in the most elite 
 grandes écoles  – that is, the École des Ponts et Chaussées (1747), École des Mines 
(1783), and École Polytechnique (1794) – have placed the highest value on mathe-
matical knowledge. As historian Wolfhard Weber explains, Gaspard Monge, the 
“father of the École Polytechnique,” explicitly saw mathematical theory as the key 
for steering the present by enabling clear descriptions of the future. “Monge himself 
insisted that descriptive geometry was an answer to the French nation’s require-
ments.” This new science made it possible to represent three-dimensional objects in 
two dimensions, which was crucial for designers, and could fi x the exact location of 
objects and the relations of their parts. By these means it “brought together a series 
of factors fundamental … for progress” (Weber  1986 , pp. 21–22). The names of 
subsequent mathematician-engineers who taught at the top schools and served in 
the civil service constitute a virtual Who’s Who of the engineering sciences: Joseph 
Fourier (1768–1830), André-Marie Ampère (1775–1836), Siméon-Denis Poisson 
(1781–1840), and Sadi Carnot (1796–1823), to name only a few. 

 For French engineers, demonstrating the ability, commitment, and discipline to 
become profi cient in the mathematical foundations of engineering is to demon-
strate that one has the moral character and reliability to warrant the trust of the 
Republic. Students who have been promoted into the national system of rational 
deliberation and action geared toward increasing social order have already dem-
onstrated everything necessary to warrant a position of national leadership. They 
have mastered all the principles and values that constitute engineering ethics in 
France; indeed, one might fi nd considerable support for the claim that rationalist 
engineering constitutes the dominant ethic of France. For students who have 
already demonstrated their character through their competence, to then have to 
enroll in a course in engineering ethics would seem ludicrous, if not insulting. It 
should be no surprise, then, that the annual military parade on Bastille Day, which 
publicly celebrates the accomplishments of the Republic, is led by second-year 
students from the École Polytechnique. 

 Why then did the collective organization of alumni associations feel pressure to 
formulate and disseminate a code or charter? This move may perhaps be understood 
as one of many efforts in and around French engineering education to adapt to the 
increasing value accorded the private sector as a measure of national worth after the 
end of the Cold War. A U.S.-led shift in the dominant image of international  relations 
replaced a grand confl ict between two philosophies of political economy with a 
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model of economic competitiveness that pictures countries competing for economic 
dominance. This shift has forced other countries to adapt to a North American 
model of progress oriented toward the free market production of low-cost goods for 
mass consumption. In response, the  grandes écoles  reluctantly initiated interna-
tional student exchange programs and new career pathways oriented more toward 
private industry. In particular, expecting engineers to participate increasingly in 
international workplaces beyond Europe, schools have also begun expanding the 
non-technical dimensions of engineering education. 

 It is in this context that “ethical refl ection on the engineering profession” has 
gained a modest foothold. In 1995, the Commission des Titres d’Ingénieurs 
[Engineering Titles Commission], established in 1934 to protect the formal title 
“graduate engineer,” updated its non-technical requirements to include “foreign lan-
guages, economic, social and human sciences and a concrete approach to commu-
nication problems as well as providing openings to ethical refl ection on the 
engineering profession” (Centre d’Études sur la Formation des Ingénieurs  2000 ). 
This modest effort nevertheless did not generate signifi cant concrete activity at the 
elite schools.  

     Germany  : Engineers and  Bildung  

 The  VDI  Fundamentals of Engineering Ethics stresses in unique ways that although 
engineers must “know the relevant laws and regulations of their countries” they 
should honor them only “insofar as they do not contradict universal ethical princi-
ples.” Moreover, in cases of value confl icts, engineers are admonished to choose 
“the values of humanity over the dynamics of nature,” “human rights over techno-
logical implementation and exploitation,” and “public welfare over private inter-
ests.” How did universal ethical principles become such a major commitment – one 
much stronger than the U.S. commitment to protecting public safety, health, and 
welfare – and what does it mean for the German engineers themselves? 

 The immediate interest among German engineers in the impacts and effects of 
technologies on humanity can be traced to the post-WWII period. Having been 
co-opted by the National Socialists during the 1930s, the  VDI  was revived in 
1947 with an international engineering education conference on “ Technik als 
ethische und kulturelle Aufgabe ” [Technology as ethical and cultural task]. The 
problem for the members of the VDI was precisely that they had accepted the 
ideal of what engineer-historian Thomas Hughes ( 1980 ) calls “culture-deter-
mined technology,” in which they failed to challenge Nazi cultural leadership. A 
major post-war task was thus to break free from such a determination, a project 
that began with this conference and continued through an active collaboration 
with anti-Nazi German philosophers in a series of four additional meetings 
between 1950 and 1955 on the general theme of technology and humanity. 
Indeed, a strong collaboration with philosophers is itself a distinctive feature of 
the lives and work of engineers across Germany. 
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 As its contribution to this effort, the 1950 conference drafted an Engineer’s 
Confessions that employed a distinctly religious rhetoric to offer a vision of engi-
neering as a spiritual vocation (Verein Deutscher Ingenieure  1950 ). According to 
the Confessions, the engineer “should place professional work at the service of 
humanity … [and] should work with respect for the dignity of human life and so as 
to fulfi ll his service to his fellow men without regard for distinctions of origin, 
social rank, and worldview.” To include an explicit commitment to humanity as a 
whole constituted a self-criticism by German engineers, who previously had under-
stood themselves as advancing civilization by serving Germany. At the same time, 
a signifi cant continuity was the idea of technology as a vocation, the understanding 
of which points toward the distinctive German notion of  Bildung , formal education 
oriented toward spiritual growth and perfection. 

 In the mid-1800s, German culture and education became a major vehicle for the 
expression of German aspirations for unifi cation. Indeed, already in 1807, philoso-
pher Johann Gottlieb Fichte had argued in his  Reden an die deutsche Nation  
[Lectures to the German Nation] the signifi cance of  Bildung  as a means to unify and 
develop Germany. Germany could become great and contribute to human develop-
ment through a  Bildung  that was, however, conceived as grounded in and an exten-
sion of Greek and Latin cultural life. 

 Throughout most of the nineteenth century, the professions of law, medicine, phi-
losophy, and theology monopolized  Bildung  in this strong sense because of the prepa-
ratory curriculum they demanded in the elite secondary schools, or Gymnasia. Only 
those students who had mastered classical studies in Greek and Latin philology were 
thought able to manifest the  Geist  or spirit that was the perfection of human nature 
(Masschelein and Ricken  2003 ). The signifi cance of this  Bildung  actually derived in 
part from its contrast with technical training and work.  Techniker , or technologists, 
who actually functioned in ways similar to what in other countries were called “engi-
neers,” underwent an educational program separate from that of the gymnasium, with 
the gymnasium degree or  Abitur  being the only path into the university. 

 Early attempts to enhance the cultural prestige of technical learning and work 
included creation of the Association for the Promotion of Technical Activity in 
Prussia (1821) by Prussian Finance Minister Christian Peter Beuth. Understanding 
 Bildung  and cognizant of negative effects of industrialization on English workers 
and landscapes, Beuth sought to promote a distinctively German industrialism that 
imbued technology with art and emphasized aesthetics as an evaluative criterion 
(Brose  1992 ). According to Beuth, industrialization would be acceptable in Germany 
as a site for the emancipation of  Geist  by means of a new form of  Bildung . He thus 
stipulated, unsuccessfully, that art and aesthetics be included in the curricula of 
nascent technical schools serving the lower classes of society. 

 An educational movement that proved more immediately successful established 
 Technische Hochschulen . These were technical post-secondary schools or institutes 
that included among their responsibilities fundamental research on  Technik , a con-
cept that included both technical products and the technological processes for their 
production (Manegold  1978 ). First established during the middle part of the cen-
tury, the new institutes gained greater visibility and status after the 1870s, during the 
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unifi cation of Germany under the Prussian-led Second Reich. Advocates for the 
technical institutes also established a new form of quasi-academic secondary educa-
tion in  Oberrealschulen , whose “realism” included teaching modern rather than 
classical languages. 

 In 1885 a commission of the  VDI  (which had been founded in 1856) concluded 
a review of the structure of German education and its implications for engineers by 
demanding that the courses students followed into and through the technical insti-
tutes have the same legal standing as those through the  Gymnasium  to university. 
“The engineer in the eyes of many,” according to the commission,

  was – and partly still is – an advanced artisan, neither requiring nor deserving the higher 
 Bildung  offered by the  Gymnasium . We declare that German engineers have the same needs 
with respect to their general  Bildung  and wish to be subject to the same standards as the 
other higher professions. (Gispen  1990 , p. 146) 

   William II approved this request in 1892 by giving  Oberrealschulen  graduates the 
right of admission to the engineering corps, in 1899 accepting them as eligible for 
employment in the civil service, and in 1900 granting them equal status to graduates 
of the classical  Gymnasium . 

 In the early twentieth century, members of this new professional engineering 
community defended the thesis that the emancipation of the human spirit included 
not just classical culture but also  Technik . In  Lebendige Kräfte  (1904), for instance, 
the German engineer Max von Eyth even argued contra Hegelian philosophers and 
Prussian lawyers that technology rather than reason should be seen as the vehicle 
for the unfolding of Geist or mind/spirit (von Eyth  1903 ). As historian Jeffrey Herf 
summarized Eyth’s view,

  there was more Geist in a beautiful locomotive or electric motor than in the most elegant 
phrases of Cicero or Virgil. Technology, like poetry, dominates matter rather than serves 
it… . [T]echnology was actually more cultural than culture itself. (Herf  1986 , p. 159) 

   Feeling empowered by an increasing national commitment to industry, engineers 
openly challenged the value of the universities and “praised their own achievements 
as ‘national’ ones and engineers as ‘pioneers of German value and culture’” (Herf 
 1986 , p. 156). 

 Elite German engineering intellectuals thus engaged in a kind of cultural politics 
that historian Karl-Heinz Ludwig ( 1974 ) has described as the “anticapitalism of 
technicians.” This philosophy held that “technology emanated from the deepest 
impulses of German Kultur”; that contemporary crises in German society, espe-
cially after World War I, “were not due to the machine but to its misuse by private 
capitalist interests”; that “the welfare of the national community could be protected 
only by a strong state”; and that “engineers had a central role to play in providing 
the expertise necessary for Germany in an age of technological warfare” (Ludwig 
 1974 ). This engineering point of view found the development of National Socialism 
compatible with its goals, because the new political movement claimed to be ori-
ented toward emancipating a German essence that promised to overcome the misdi-
rections of a self-interested aristocracy and a disordered free-market capitalism by 
relying on a charismatic individual. 

5 Engineering Ethics and Engineering Identities: Crossing National Borders



94

 During the Third Reich, engineers tolerated and even supported antisemitism 
on the grounds that Jews were not essentially German and served as purveyors of 
free- market capitalism. Through a deliberate political neutrality oriented only to 
technical work, they stumbled into the role of collaborators who sanctioned 
through inaction, and sometimes obedience, a willful and active misuse of 
 Technik  to destroy humanity rather than develop it. When a reconstituted  VDI  
was struggling to understand what had happened and how engineers should re-
position themselves as positive contributors to society, they therefore had to 
extend their vision beyond any hypothetical German essence to include humanity 
as a whole.  The Engineer’s Confessions  stipulated that “The engineer should not 
bow down to those who disregard human rights and misuse the essence of tech-
nology; he should be a loyal co- worker for human morality and culture.” 
Engineers now had to re-conceptualize  Technik  to acknowledge that technology 
could have serious negative consequences that would not constitute societal 
advancement of any kind. 

 In the 1970s this new sense of social responsibility was expressed in efforts by 
German engineers to infl uence the emerging discipline of technology assessment. 
During this period German engineers sought to embody their broad ethical respon-
sibilities in assessing technologies according to eight metrics of value in three cat-
egories, including functionality, economy, and material standard of living; safety, 
health, and environmental quality; and development of individual personality and 
quality of social life. The very use of the term  Technikbewertung  [Technology eval-
uation] as a translation of “technology assessment” tended to stress going beyond 
the kind of limited cost-benefi t analysis that became the norm in the United States. 
Moreover, individual engineers were not left alone to evaluate technologies on the 
basis of personal conscience but were presented with guidelines that had been 
authorized by the engineering community as a whole (Huning and Mitcham  1993 ). 

 Why then a commitment to updating and simplifying these guidelines in 2002? Like 
the Japanese and the French, Germans were working to adapt to a world increasingly 
dominated by images of economic competitiveness, with an emphasis on low-cost pro-
duction for mass use. On the one hand, German engineers were struggling to construct 
new practices in which technology evaluation was not only an ideal but also reduced 
costs (Legg  1990 ). On the other, a reaffi rmation of a responsibility to engage in technol-
ogy assessment offered evidence that  Technik  was still about emancipating  Geist . 
Simplifying and reaffi rming universal ethical principles was a way to achieve both ends.  

    Conclusion: How Engineering Ethics Follows 
Different Trajectories 

 As these comparative cases suggest, the progressive concern for engineering ethics 
in different countries may well be one manifestation among engineers of what is 
today called “globalization.” Because of their situation in the largest economy in the 
world, within which competition on the basis of low-cost production for mass use 
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has a long history, leadership in engineering ethics development in the United States 
undoubtedly infl uenced advocates for engineers and engineering in other countries. 
But border crossing also produces transformations. The fact that engineering ethics 
has been pursued in the United States to promote professional unity and autonomy 
does not mean that others would pursue it in similar ways in other countries. 

 In Japan, the early twenty-fi rst century interest in engineering ethics among pro-
fessional societies and the promotion of ethics education by a new Japanese engi-
neering accreditation organization offers a case of consciously-imported infl uence, 
in part to achieve international recognition of domestic engineering programs. But 
engineering ethics in Japan can also be interpreted in terms of its relationships to the 
uniquely Japanese social institution of the  ie  and efforts to develop the engineering 
profession as a household center of belonging alongside existing corporate house-
holds. The professional engineer in Japan appears to be emerging as someone with 
a new, untarnished pathway to fulfi lling obligations to the national household. 

 In France, formal education in engineering ethics has attracted little interest. Explicit 
courses in engineering ethics are easily seen as unnecessary if not insulting to those elite 
engineers whose dedicated study led to a higher education committed to civil service in 
pursuit of rationalist national progress. Indeed, in such a context, for non-elite schools to 
adopt education in engineering ethics might even be interpreted as an open admission 
and acceptance of subordinate status – although embraces of global competitive pres-
sures, as well as new pan-European efforts could well lead in this direction. 

 In Germany, a post-World War II reassessment of the relation between engineer-
ing and the traditional ideals of humanistic  Bildung  has led to a new commitment of 
engineers to the good of humanity as a whole. A longtime commitment to social 
responsibility through the production of high quality technology further led to the 
adoption of technology assessment as a major feature of engineering ethics. For 
German engineers, engineering ethics and technology assessment constitute a spiri-
tual contribution to globalization. 

 Recognition of how engineering ethics follows diverse local trajectories with 
distinctive implications across particular countries has implications for how to 
think about engineering ethics within any country. Who openly advocates instruc-
tion in engineering ethics? Who passively ignores such initiatives? Who openly 
resists? Asking questions such as these may serve to indicate something about both 
the positioning of ethics in engineering identities and the complexities of strug-
gles among those who are content with their current identities and those who 
might be seeking change. In this sense, following debates over engineering ethics 
can provide a means of mapping and understanding some of the contemporary 
fl ows of globalization as engineers interpret and engage them.     
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    Chapter 6   
 Identifying Engineering: The Need for Better 
Numbers on Human and Related Resources 
and Policy 

             Tony     Marjoram     

    Abstract     Engineering and technology surrounds us and identifi es the world, in 
terms of social, cultural and economic development and change. Yet engineering, 
partly because of this ubiquity, remains relatively poorly understood and identifi ed. 
This chapter begins with a background discussion why engineering is as it is, 
with reference to engineering ethics, values and changing modes of knowledge 
generation, transfer and application. It continues with discussion of the need for 
better understanding, defi nition and measurement – without adequate data there is 
limited identifi cation, and with limited identifi cation there is limited interest, 
understanding and priority. The need for better epistemology and models of 
engineering, science, technology and innovation is then explored. The chapter 
concludes with a discussion of the need to develop of engineering studies to support 
this, as part of S&T studies.  

  Keywords     Engineering   •   Identity   •   Identifi cation   •   Epistemology   •   Development   • 
  Statistics   •   Indicators   •   Metrics   •   Innovation   •   Human resources   •   R&D   •   Models   • 
  Knowledge production   •   Engineering studies  

        Introduction 

    Engineering, in terms of knowledge and design, production and use of tools and 
infrastructure, has changed and continues to change the world and the way we live, 
eat, drink, work, travel, communicate, care for, love and fi ght each other. Engineering 
defi nes and identifi es us, and is the vital driver of social, cultural and economic 
development. But what exactly is engineering, what is an engineer and how is 
engineering knowledge produced, disseminated, applied, learnt, measured and 
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managed? These are both philosophical and highly practical questions. Engineering 
is often unmentioned in the study of, models of, and policy making relating to 
‘science’, ‘science and technology’, ‘S&T’, or more recently ‘science, technology and 
innovation’, STI, and associated indicators. Even though engineering is generally 
accepted as a part of science, and it is mainly engineers who create, apply and 
innovate technology. Engineering is also generally overlooked in economic develop-
ment and economics theory, apart from the interest in innovation and evolutionary 
economics. Engineers, engineering, science and technology are routinely confused 
in the media. Why is this so? Does this situation need addressing and, if so, what can 
be done to address it? 

 These questions are highly practical because engineering is at the centre of meeting 
the challenges we face in terms of sustainable development, climate change mitiga-
tion and adaptation, improving the quality of life of the 1.3 billion people who live 
in poverty, and the other  Millennium Development Goals  . At the same time, engi-
neering faces its own challenges in terms of declining public and policy understand-
ing and interest, which is refl ected in declining student interest and enrolment, 
increasing shortages of engineers reported around the world and consequent brain 
drain and impact on development, especially in developing countries. This also 
refl ects the very success of engineering in the production of ever more reliable tech-
nology. Engineering has over 30 main fi elds and over 100 sub-branches, various 
levels and modes of professional practice, and is increasingly a black box, with less 
‘user serviceable parts’ and understanding ( Whitley    1972 ). 

 Engineering, together with science and technology, is in serious need of better 
understanding. This chapter begins with a background discussion of why engineer-
ing is as it is, with reference to engineering ethics, values and changing modes of 
knowledge generation, transfer and application. It continues with discussion of the 
need for better understanding, defi nition and measurement – without adequate data 
there is limited identifi cation, and with limited identifi cation there is limited inter-
est, understanding and priority. The need for better epistemology and models of 
engineering, science, technology and innovation is then explored. The chapter con-
cludes with a discussion of the need to develop of engineering studies to support 
this, as part of S&T studies. This is an urgent priority, if the challenges of sustain-
able development, climate change, poverty reduction and the understanding, appli-
cation and development of engineering are to be recognised and addressed.  

     Engineering and Development   

 Throughout history, engineering has been closely linked to human, social, cultural 
and economic development. The history and pre-history of humanity – the way we 
live, interact with nature and each other, and the world we see today, is the history 
of engineering. Much of the direction, pace, shape and framing of human, social and 
economic development and change relates to engineering and the design, use and 
innovation of tools and technology. Engineering is one of the oldest professions in 
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the development of knowledge, technology and infrastructure. Engineers built the 
Pyramids, Angkor Wat, Borobudur, Machu Pichu, Great Zimbabwe and the medieval 
cathedrals. Beginning over 150,000 years ago, the Stone, Bronze, Iron, Steam and 
Information Ages and associated civilisations were underpinned by engineering and 
innovation. And the change from one Age to another was not because our ancestors 
ran out of stones, cooper, tin, iron or steam – it was due to engineering, technology 
and innovation. Engineering drove the fi rst  Industrial Revolution  , and the fi ve major 
 waves of technological innovation   over the last 200 years- from iron and water power 
to steam power, steel and electrifi cation, oil and automobiles and mass production, 
to electronics and computers. Engineering is driving the sixth wave of new knowledge 
in ICT, biotechnology, nanotechnology and new materials, and will drive the 
seventh wave of sustainable development, climate change mitigation and adapta-
tion. All waves of technological innovation and development are also accompanied 
by new modes of knowledge generation, dissemination and application, which 
require new approaches to learning and education. 

 Amid these broader waves of revolutionary technological, industrial, social and 
economic development, engineering has also played a central role in the incremen-
tal development of infrastructure in transportation, communications, buildings, 
water supply, sanitation, energy generation, distribution and use. These technologi-
cal, industrial, social and economic revolutions originated in Europe and spread 
around the world, initially in the periods of exploration and colonisation, later in 
trade and development – indeed, the concept of “development” and “developed” 
countries has been closely identifi ed with the development of technology, industry 
and infrastructure. Although many “developed” countries now have large tertiary 
service sectors as well as secondary industry, and primary resource sectors, much of 
the service sector is also built and depends upon engineering and technology, as 
does the primary sector. The concept of development remains largely linked to the 
development of industry and infrastructure and standard of living, although contin-
ues to be measured by such indicators as Gross Domestic Product, GDP per capita 
and, more recently, by the Human Development Index, HDI. Indeed, given the role 
of engineering in development and, conversely, the link between underdevelopment 
and the lack of engineering and technology ( Stewart    1977 ), it could be argued that 
engineering is as important an indicator of development as GDP, growth and other 
economic data. 

 Models of development originated from the Western model of development in 
modernisation theory, dependency theory and  World System Theory  , although 
development continues to be defi ned economically, rather than sociologically, 
politically or structurally, and, along with GDP/capita, economic growth remains a 
dominant indicator. Industrialisation continues as a key policy objectives, together 
with basic needs and, more recently, human and sustainable development. Many 
models of development depend on engineering and technology transfer, not only in 
industry and infrastructure, but also to address basic needs and the UN  Millennium 
Development Goals  , particularly poverty reduction and sustainable development, 
together with climate change mitigation and adaptation. This includes technology 
transfer at lower as well higher levels, into, between and within developing countries 
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(S-S cooperation). The importance of technological adaptation and development 
within developing countries also needs to be emphasised to promote technological 
appropriateness and “learning by doing”. The focus in most universities in develop-
ing countries is on education, with limited resources for research and development 
on local issues, problems and challenges. University staff have often completed 
research degrees in developed countries, and promotion is usually based on Western 
university models – for example on research and papers published, particularly in 
international journals on international issues. There is a particular need to promote 
research and development, university cooperation and access with local communi-
ties on local issues. 

 These relate particularly to addressing basic needs, poverty reduction and sus-
tainable development. Engineering, technology and engineering education are vital 
in addressing basic human needs, poverty and sustainability. Although this is often 
more honoured in the breach, than in the observance, in the comments of world 
leaders on knowledge societies and economies, and in the declarations of interna-
tional conferences and world summits. Despite this, however, engineering is rou-
tinely overlooked in the context of development policy and planning – it is hardly 
mentioned in relation to the  Millennium Development Goals   or in many  Poverty 
Reduction Strategy Papers   (PRSPs) – documents that aid donors and international 
fi nance organizations require from low income countries in order for them to receive 
debt relief and fi nancial assistance. 

 Given the importance of engineering in social, cultural, economic and humani-
tarian change and development,  ethics, norms and values   play an important role in 
the development of engineering, and the identity of engineering. Engineers, like 
medical practitioners, are one of the professions to be bound by ethical codes of 
practice. A model  code of ethics   and professional values was formulated from 1990 
by the  World Federation of Engineering Organisations   and adopted in 2001 (WFEO 
 2001 ). This was based on and developed by various WFEO members in relation to 
the need for engineers to demonstrate integrity, practice competently, exercise lead-
ership and promote sustainability ( Engineers Australia    2010 ). Present and future 
professional ethics and values are also refl ected in graduate attributes and profes-
sional competencies of the  Washington Accord   and its members around the world. 
These attributes relate to engineering knowledge, problem analysis and investiga-
tion, design and development, use of tools, engineering and society, environment, 
ethics, teamwork, communications, project management and life-long learning. As 
can be seen – half the attributes that defi ne and identify engineers relate to non- 
technical factors.  

    Needs and Numbers:  Engineering Metrics and Indicators   

 How many engineers does a country need? How many engineers does a country 
need to produce to keep up with this need? What types of engineer does a country 
need to produce, and at what levels? Is there a shortage of engineers? Are developed 
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countries, such as the United States and in Europe, failing to produce enough engi-
neers, compared to rapidly developing countries, such as China and India? Do other 
developing and least developed countries have enough engineers, are they produc-
ing enough or losing too many to brain drain to be able to promote development, 
reduce poverty and tackle major issues regarding climate change mitigation and 
adaptation? What are the consequences of these questions for development around 
the world, and what are the implications for education policy, for engineering edu-
cation at tertiary level, and for science education at secondary and primary school? 
What do engineers, policy makers, planners, aid donors and international agencies 
and organizations need to do, and what can they do about it? 

 Such questions are being asked increasing urgently in many countries, for vari-
ous background reasons. These are, in fact, rather complex questions, for which 
there are no simple or straightforward answers. This is partly, and perhaps surpris-
ingly, due to a shortage of metrics, statistical data and indicators at national and 
international level to enable analysis and comparison of response, in both devel-
oped and developing countries. Many of the questions, for example, are based on 
such widely broadcast estimates in the media that the US only graduates 70,000 
engineers a year, compared to India at 350,000 and China at 600,000. This is one 
reason why there is also much reference to quantitative, qualitative and anecdotal 
evidence from universities, industry and professional engineering organizations 
regarding the supposed shortage of engineers, now and into the future. This con-
cern was refl ected in the production of the report, “Rising above the gathering 
storm: energizing and employing America for a brighter economic future”, by the 
National Academy of Engineering in the US in 2007, and ensuing debate ( National 
Academy of Engineering    2007 ). 

 These questions are complicated by the fact that there are different fi elds, types 
and levels of engineers (engineers, technicians and technologists, academic, profes-
sional and consulting engineers, with diplomas, degrees and doctorates), and also 
by differing needs for engineers in different sectors, fi elds, types and levels at dif-
ferent places (countries and regions within them), as technologies and industries 
develop and decline. There are also different needs for engineers over time – for 
example, the increasing use of CAD software has made civil and structural engi-
neers more productive, requiring less support staff. Engineering and technology are 
the incremental and disruptive drivers of change in society and in engineering, and 
the understanding, policy making and planning of engineering requires a knowledge 
of such transverse and longitudinal changes over time in engineering. 

 These questions are further complicated by different defi nitions and understand-
ings of what an engineer is. In Germany, for example, there are around 50  defi ni-
tions of an engineer  . In many countries the term “engineer” is also used commonly 
and in the media to refer to almost anybody that does anything technical – so that 
people referred to as technicians and technologists in some countries are defi ned as 
engineers in others. This is often refl ected in offi cial metrics and statistics, where, 
for example, degrees of different length (3, 4 or 5 years) may be similarly accred-
ited, as may degrees in computer science and IT, which are not included as engi-
neering degrees in some countries. This infers that the US, far from lagging behind 
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India and China, may actually be producing more engineers than India absolutely, 
and more than China on a per capita basis. On the other hand, this picture requires 
further clarifi cation when the numbers of overseas students studying and research-
ing at developed country universities are included in the human resources, research 
and publication data. Various reasons may also underlie a desire to manipulate 
reporting, including the interest in some countries to over-represent the number of 
engineers to promote national status, prestige and attract investment, whereas the 
interest in others may be to downplay the numbers to lobby for increased govern-
ment support for engineering education and research, or maybe to justify immigra-
tion and the outsourcing of engineering services and related overseas investment. 

 In reality, there are indeed shortages of engineers in some fi elds, at various levels 
of qualifi cation, age and experience, in some sectors, regions, countries and conti-
nents (UNESCO  2010    ). This includes newer, expanding fi elds of engineering and 
industry (where the demand is increasing faster than supply), and older established 
fi elds (where supply is decreasing relative to demand due to the retirement of post- 
war, baby-boom engineers). It also relates to the increasingly diversifi ed labour 
market and declining interest, enrolment and retention of young people in engineer-
ing, especially women. While supply and demand may be to a degree self- correcting, 
it can take up to 10 years to train an engineer, and many governments around the 
world have been suffi ciently concerned to promote public awareness, interest and 
recruitment in engineering. This includes, for example, addressing the “leaky pipe-
line” of women in engineering, and the need to attract other under-represented 
groups into engineering. One area of expansion and rapidly increasing importance 
is that of sustainable and green engineering – of increasing importance in the con-
text of climate change mitigation and adaptation, one of the major areas of need and 
growth for engineering, and one of the greatest demands and challenges that engi-
neering and the world has ever faced. One of the fi rst challenges is to ensure enough 
appropriately qualifi ed and experienced engineers to meet this demand – which will 
require the development of new courses, training materials and systems of accredi-
tation. Young people are attracted to such courses, and this will help to raise overall 
awareness of the role and importance of engineering in sustainability, build capacity 
and a carbon-free future ( Morton    2009 ).  

    Need for Better Metrics and Indicators of Engineering 
and Innovation 

 Engineering, science and technology (EST), and associated applications and innova-
tion, are fundamental parts of a knowledge system that drives human, social and eco-
nomic development. In this context, ‘innovation’ refers to technological innovation 
and the introduction of new technology, although the term has expanded to include 
such subjects as innovation in education and pedagogy – also of interest in this chapter. 
In order to properly understand, formulate and implement policy, manage and promote 
the public awareness of engineering and technology in development, we need good 
information, data and indicators on EST, especially in developing countries. Numbers 
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are important in advocating evidence-based policy and practice – as emphasised in the 
context of gender indicators for EST – “no data, no visibility; no visibility, no prior-
ity” (Huyer and  Westholm    2007 ). Metrics and indicators also relate to needs as well 
as numbers – how many engineers, scientists, technologists and technicians do coun-
tries actually need, in what fi elds and at what levels? And what engineers and scien-
tists will be needed in 10, 20 and 50 years time? Despite the importance of such 
numbers, there has been little interest in engineering metrics and indicators – “No 
international engineering data of the very detailed kind have ever been published; the 
only (and usually still rather scarce) information available is for R&D expenditures 
and personnel in the higher education and private non-profi t sectors” ( Westholm   
 2010 ; UNESCO  2010    ). 

 Metrics and indicators on engineering education are part of a wider set of data and 
statistics on engineering, science, technology and innovation – what has been more 
commonly referred to as “science and technology”, or, more recently, “science, tech-
nology and innovation” or STI. Many richer,  OECD  , countries produce their own 
information on EST, often in great detail (for example, the  National Science Foundation   
in the United States). This information is then used to contribute to data collection at 
the international level. The main collectors of data at the international level are the 
OECD (a leader in the fi eld, with a long-term interest in the fi eld, for OECD member 
and non-member countries), the  World Bank  ,  Eurostat   (for the EU), UNESCO (at the 
global level, mainly following the OECD data collection methodology for EST) and 
the  ILO   (for labour and employment data). OECD gathers data broadly on issues 
relating to economic development, and began collecting data on ‘science and technol-
ogy’ in the 1960s. In this fi eld, OECD data collection relates particularly to human 
resources (and more recently includes interest in the careers of doctoral holders), 
research and development, and innovation. UNESCO began collecting data on sci-
ence and technology in the 1960s, in ‘capitalist’, ‘socialist/communist’ and ‘develop-
ing’ countries. UNESCO made a particular contribution in the 1978 “Recommendations 
Concerning the International Standardisation for Statistics on Science and 
Technology”, covering R&D, science and technology education and training (STET) 
and scientifi c and technological services (STS). One difference between OECD, 
World Bank and UNESCO statistics is that OECD and World Bank data is collected 
and “cleaned” to address possible inaccuracies and irregularities, whereas UNESCO 
is obliged to use data directly, as submitted by Member States. 

 Statistical data collection is based on various classifi cations – the  UN Systems of 
National Accounts (SNA)  , the  International Standard Classifi cation for Education 
(ISCED)  , the  International Standard Classifi cation for Occupations (ISCO)   and the 
 International Standard Classifi cation of all Industrial Activities (ISIC)  , and is col-
lected with a focus on subject – for example, numbers of graduates and human 
resources, amount of fi nancial resources, investment and expenditure, and the number 
of papers published, copyrights and patents issued. It is important to note that metrics 
and indicators relate to information that is requested or required at national and inter-
national level (in line with the need for internationally harmonious and comparable 
data). Statistics of science and technology relate to numbers that are readily available 
and measurable, and are not necessarily metrics and indicators that give the best pic-
ture of engineering, science or technology. How good the information and data is, and 
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how good a picture it presents of EST and engineering education, depends essentially 
on the metrics and indicators used, and the quality and quantity of data collected. 
While what is measured may not give the best indication or picture of engineering, the 
statistics actually measured in developed,  OECD   countries are generally accurate, less 
comprehensive and accurate in developing and especially least developed countries. 
There are also issues with the methodology of data collection – engineering and 
science may be defi ned and measured differently in different countries. 

 There can be particular differences in the data for human resources – engineers 
and scientists are often defi ned differently in different countries and, to compound 
matters, engineers and scientists are usually aggregated together in data and statis-
tics – so that it is not possible to examine and compare data relating to engineering 
and engineers in general, or the various branches of engineering. The quality of the 
data for research and development depends on the defi nition of R&D. As defi ned, 
R&D is mainly carried out in richer,  OECD   countries, and is measured by such 
indicators as fi nancial outlay (public and private), the number of patents issued and 
papers published. R&D may have less relevance for painting a picture of engineer-
ing, where fewer papers are published, and less relevance to developing and least 
developed countries. Similarly, the data for innovation depends on defi nition, and 
the measurement of innovation at the formal level relates particularly to intellectual 
property (IP) and to patents and copyrights issued, which again focuses on richer, 
OECD countries, whereas much innovation takes place in engineering ( Metcalfe   
 2009 ), at the informal, non-measured level, in both developed and developing coun-
tries. As noted above, the conventional view emphasises knowledge production, 
application and dissemination in terms of what can be measured in terms of patents 
and papers, rather than reality, and again paints a poor picture of engineering, espe-
cially in developing countries. 

 To address this situation, a better defi nition and measurement of engineering is 
clearly required, with a better disaggregation of data with particular reference to 
engineers and engineering, branches and levels of engineering. Better defi nition and 
measurement of research and development are also required, especially regarding 
development (rather than research), and better defi nition and measurement of 
 innovation, especially at the informal level in developed and developing countries. 
It is only better indicators of engineering and innovation that will provide a better 
understanding of the role of engineering in development, what sort and how many 
engineers will be needed in the future. The statistics relating to human resources, 
R&D and innovation relating to engineering will now be discussed in more detail.  

    Human Resources and Engineering 

 Human resources in engineering are part of the international data set produced by 
 OECD   in the “ Frascati family  ” of documents on the “ Measurement of Scientifi c and 
Technological Activities  ”. The defi nition and collection of this data followed the 
fi rst meeting of the OECD group of National Experts on Science and Technology 
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Indicators (NESTI), in Frascati, Italy, in 1963. The Frascati family of documents 
includes the OECD/ Eurostat   “ Manual on the Measurement of Human Resources 
Devoted to S&T  ”, otherwise known as the “Canberra Manual”, fi rst published in 
 1995 . The particular interest of the Canberra Manual relates to “Human Resources 
in Science and Technology” (HRST – a new term coined in the Canberra Manual) 
and the “stocks and fl ows of S&T personnel”. These relate to the numbers of HRST 
personnel in a country (sometimes referred to as  Qualifi ed Scientists and Engineers   – 
QSEs), and the fl ow of people into and out of that ‘stock’. These are based on 
ISCED standard degree-level qualifi cations in six categories: the natural sciences, 
engineering and technology, medical sciences, agricultural sciences, social sciences 
and humanities. ISCED also divides personnel based on occupation into research-
ers, technicians and support staff, based on qualifi cation – Ph.D., basic degree, ter-
tiary, post-secondary, secondary diplomas and other qualifi cations. In reality, data 
collected under Canberra Manual guidelines is diffi cult and inaccurate to interpret 
due to differences of defi nition and comparison of ISCED data sources, and the fact 
that many countries group “scientists and engineers” together in data collection. 
There is a particular need for the refi nement of methodology and data collection by 
national offi ces and bureaux of statistics, for which advocacy and lobbying will be 
required by national and international engineering organisations. It is interesting to 
note that some movement in this direction of disaggregation has taken place, with 
recent interest in the careers of doctoral holders – which revealed that around 20 % 
of doctoral holders are in engineering, and that 75 % of them work in higher educa-
tion (UNESCO  2010    ).  

    Research and Development 

 Research and development statistics are part of the international data set produced 
by  OECD   under the “Proposed Standard Practice for Surveys of Research and 
Experimental Development”, otherwise known as the “ Frascati Manual  ”, fi rst pub-
lished in  1963 , with the sixth edition in 2002. A subsequent Revised Field of Science 
and Technology in 2007 and Annex on Measuring R&D in Developing Countries, 
published in 2012, focused largely on methodology rather than actual measurement 
of R&D in developing countries – refl ecting concern regarding R&D in developing 
countries. The Frascati Manual focuses on fi nancial and human resources in R&D, 
in the six ISCED fi elds noted above (natural sciences, engineering and technology, 
medical sciences, agricultural sciences, social sciences and humanities), further 
divided by occupation and qualifi cation as noted above (including “Research 
Scientists and Engineers” – RSEs), and into four sectors: business enterprise, gov-
ernment, higher education and private non-profi t. Issues relating to the collection 
and use of data regarding R&D include defi ning what exactly constitutes research 
and development (which includes ‘basic’, ‘fundamental’ and ‘applied’ research, and 
various interpretations of ‘development’), and how this should be measured, when 
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this may not be a full-time activity (hence the need for head-counts when measuring 
human resources in R&D, and the use of ‘full-time equivalents’).  

    Innovation 

 Innovation relates to the introduction, dissemination and use of an idea, method, 
product or process that is new to the user or user group, although may not be abso-
lutely new. Innovation initially related specifi cally to technological innovation, 
although the term is now used to refer to any new idea, method, product or process – 
such as innovation in education. Innovation is closely linked to engineering, as most 
innovation derives from engineering and engineers, and should therefore be a vital 
part of engineering education – which is not generally the case at present. Innovation 
statistics are part of the international data set produced by  OECD   under the 
“Measurement of Scientifi c and Technological Activities, Proposed Guidelines for 
Collecting and Interpreting Technological Innovation Data”, also known as the 
“ Oslo Manual  ”, was fi rst published in  1992 , most recently in 2005. The Oslo Manual 
focuses on guidelines for the collection and use of data on innovation activities in 
industry, with particular reference to intellectual property – patents, copyrights and 
license, expenditures on R&D, machinery and equipment, staff training and market-
ing. The Oslo Manual includes reference to innovation process and economic devel-
opment in OECD member and non-member countries, including non-technological 
innovation and the linkages between different types of innovation, and most recently 
includes an annex on the implementation of innovation surveys in developing coun-
tries (OECD  2010 ). Issues relating to the collection and use of data regarding inno-
vation include the need to maintain a focus on technological innovation and 
engineering (when the defi nition of innovation has widened from technology prod-
ucts and processes to any new idea, method, product or process; recognising that 
much innovation derives from engineering), and the need to measure innovation in 
the formal and informal, corporate and non-corporate sectors.  

     Need for Better Numbers   

 The data and examples discussed above illustrate how the statistics and indicators 
for engineering are in serious need of research, refi ning and redefi ning. The data for 
engineering is collected under guidelines developed particularly by the  OECD   
NESTI group, and is collected and analysed at such an overall level as to be of lim-
ited usefulness in answering many of the questions relating to engineering raised 
above. These guidelines have been developed with particular reference the situation 
in OECD countries relating to R&D ( Frascati Manual  ), innovation (Oslo Manual) 
and human resources (Canberra Manual). Other information is also used – for 
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example for enrolment and graduation from education data (International Standard 
Classifi cation of Education, ISCED) and labour force surveys ( ILO  ). 

 As noted above, the data combine “scientists and engineers”, without disaggre-
gating into science and engineering, or the various fi elds of science and engineering, 
and focus on R&D without specifying the division of research and development and 
the respective roles of science and engineering. Data on patents, scientifi c publications 
and innovation are presented without reference to the origin of patents and papers in 
science or engineering (and the fact that publishing papers is less of a career priority 
for engineering than scientists), what constitutes innovation, who does it and where 
it takes place. While the origins of international trade in high-tech products in various 
fi elds of engineering is more apparent, a clearer indication and attribution of this, 
and the origins and destinations of exports and imports, would be most useful in 
analysing issues related to the technological balance of payments. 

 These indicators are of limited use in analyzing the need for, types and numbers 
of engineers required at national and international levels. Statistics and indicators 
need to be refi ned and in some cases redefi ned to allow better disaggregation 
between science and engineering and the various fi elds of engineering and engi-
neering employment (e.g. industry, teaching, research). This will facilitate a better 
understanding of the role of engineers in R&D, patenting, publishing and innova-
tion, the contribution of engineers and engineering to international trade and the 
role of engineering in development. It will also help dramatically in providing better 
data for policy makers and planners. 

 Considering the importance of engineering, science and technology in the knowl-
edge society and economy, it is surprising that better data is not available on one of 
the most important drivers of social and economic development. If the data that 
exists can be disaggregated by gender, surely a better disaggregation into science 
and engineering, and various fi elds of science and engineering, should also be pos-
sible. Policy makers need to ask national bureaux of statistics for such data and 
indicators (following the example of gender disaggregated data – that became available 
in response to requests from policy makers).  

     Engineering Indicators and Identity   

 Signifi cant structural as well as cyclical changes are taking place in and in relation 
to engineering. Government R&D funding in many developed countries is declining 
in real terms, R&D facilities are downsizing, outsourcing and off-shoring to cheaper 
locations, as refl ected in the declining publication of research papers. These changes 
may be a disincentive to promoting awareness, understanding and the recruitment of 
young people into engineering, and may be a factor leading to the shortage of engi-
neers in developed countries. As restructuring takes place, lower level skills are 
displaced (with an attendant need for re-skilling), although this may be counterbal-
anced by the greater numbers of young people in higher education in many devel-
oped countries. There are still signifi cant differences, however, between higher and 
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lower income countries. UNESCO data shows that developed, industrialized coun-
tries have between 20 and 50 scientists and engineers per 10,000 population, com-
pared to around 5 scientists and engineers on average for developing countries, 
down to one or less scientist or engineer for some poorer African countries. The low 
numbers of scientists and engineers also refl ects the low investment in R&D, the 
low numbers of research papers published, low level of innovation and patents, 
and the high level of brain drain from some countries. The engineering, science and 
technology capacity of many African countries has declined since independence 
and the post-ward period of decolonization. Given the importance of EST in 
development, this background will have serious consequences for the future of 
developing countries. 

 The actual and impending shortage of engineers has been identifi ed and empha-
sized by Governments and professional engineering bodies around the world as a 
national and international priority. In the UK, for example,  Engineering UK   (for-
merly the Engineering and Technology Board, ETB), reported in 2010 that the UK 
has a shortage of engineers, is not producing enough engineers, and estimates that 
600,000 new engineers will be needed this decade to help build and maintain new 
and growing industries (Engineering UK  2010 ). Engineering UK pointed to a par-
ticular shortage of technicians and manufacturing engineers (the UK is the sixth 
largest manufacturing economy in the world) and an impending decline in the 
medium and longer term. Concern was expressed regarding the pending shortage of 
engineers in all areas as many engineers approach retirement (30 % of engineering 
lecturers and academics have retired in recent years) and decline in birth rate, 
despite increasing numbers of young people in tertiary education overall. A high 
demand was identifi ed for mechanical, civil, medical and biochemical engineers in 
the infrastructure, industry and health sectors, and an impending demand for engi-
neers in (re)emerging industries associated with nuclear power, renewable energy 
and, particularly, climate change mitigation and adaptation. The importance of 
attracting the interest of parents, careers advisors as well as young people them-
selves to raise the status of engineering was also emphasised, and the role of practi-
cal, project-based work at school and related out of school activities. 

 Other governments and engineering bodies have identifi ed the shortage of 
 engineers as a national priority. These include  South Africa   – where a target was 
set in 2008 of producing up to 2,500 engineers per year, as part of the (then) gov-
ernment’s Joint Initiative on Priority Skills Acquisition, launched in 2006 to help 
address the skills shortages considered to be a key constraint to economic growth 
( JIPSA    2006 ). Roads, electricity, water and housing were to be developed to 
increase economic capacity – for which a dramatically increased supply of engi-
neers was required. Engineering graduations increased from 1,200 graduations per 
year in 2000 to 1,500 in 2008 ( Lawless    2005 ). In  Morocco  , to counter the shortage 
of engineers a plan was introduced to train 10,000 engineers per year in 2007. In 
 Malaysia  , the President of the Institute of Engineers Malaysia, Prof Datuk Chuah 
Hean Teik, emphasised in 2009 that Malaysia would need to increase the number 
of engineers from 60,000 engineers to 200,000 engineers by 2020 (Datuk Chuah 
Hean Teik  2009 ). 
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 In considering the needs and numbers issue in engineering, it is useful to 
benchmark in comparison with other professions, such as doctors, lawyers and 
teachers. While the demand for lawyers is more variable and elastic around the 
world, and the demand for teachers is more directly determined by school age 
populations, the need for doctors, physicians and associated senior health service 
professionals provides the closest and most interesting model for engineers and 
engineering. The numbers of doctors per capita is also similar to that for engi-
neers – on average 13 doctors per 10,000 people in richer countries, rising to over 
20, in poorer countries falling to below 5 per 10,000. Doctors and physicians are 
also more in the public eye, however, as improvements in health are linked to the 
supply, and shortage, of health-care professionals. Models have been developed to 
estimate the need and demand for and supply of doctors, and the identifi cation of 
potential shortages. It would be useful to explore such models and the forecasting 
of need, demand for and supply of doctors and physicians, with the view of devel-
oping and applying similar models to engineering. An assessment of national 
technology and infrastructure is already facilitated in many countries with the 
development of infrastructure report cards, with obvious links to engineering 
needs and numbers ( UNESCO Report    2010 ).  

    Indicators and an  Epistemology of Engineering   

 The changing nature and increasing complexity of engineering, science and tech-
nology, the rapid diffusion of new information and communication technologies 
and increasing globalisation of R&D and technological applications have created a 
new context and demands for metrics and indicators of EST. New challenges regard-
ing education, employment, human resources, R&D, knowledge generation, appli-
cation and non-patent, lower-tech, sector-based innovation need to be researched 
and addressed. Existing metrics, statistical collection and analysis, despite progress, 
is inadequate for analysing the linkages and dynamics of science, engineering, tech-
nology and innovation in an increasingly globalised world. There is an increasing 
need to research and develop a new generation of metrics and indicators to measure 
EST and associated outputs of knowledge-societies, with particular reference to the 
data required for human, social and economic development in developed and devel-
oping country contexts. This will facilitate the management, planning and policy- 
making to promote engineering, science and technology for development. 

 The general objective of such activity would be to research and review the cur-
rent status, usage and effectiveness of indicators of engineering, science and tech-
nology, to research and review current needs in terms of the changing nature of EST 
and changing needs for associated indicators. This will provide a forum to exchange 
information and experience regarding the changes that have taken and are taking 
place in engineering, science and technology indicators and likely future changes 
and needs. 
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 Specifi c objectives of activity to develop new metrics and indicators would be to:

•    Research and review current approaches to the collection and analysis of EST 
indicators  

•   Research and review changes in EST, need for and development of new 
indicators  

•   Research and review the need for new indicators of EST in the development 
context  

•   Defi ne potential future needs and orientations for EST indicators  
•   Promote networking and ongoing discussion on the development of EST 

indicators.    

 In the developing country context, such activity should also research and exam-
ine the particular need for the development of existing and new metrics and indica-
tors of EST to cover applications and innovation, especially that linked to 
development and addressing basic needs, poverty reduction and grass-roots envi-
ronmental sustainability, climate change mitigation and adaptation.  

    Change in Knowledge Production, Application 
and Dissemination 

 In terms of R&D and innovation, signifi cant changes in knowledge research, pro-
duction, application and  dissemination   have taken place over the last decade. Further 
changes in knowledge production and R&D systems will continue with the develop-
ment of ICTs and globalisation. In engineering, science and technology, a major 
area of R&D, interest and support has moved from a “traditional” system based on 
a unidisciplinary, hierarchical academic model with public sector funding, to a 
transdisciplinary, non-hierarchical and heterogeneous system of mixed public and 
private sector inputs and funding. This is from what is termed  Mode 1   knowledge 
production to  Mode 2   (Gibbons et al   .  1994 ; Nowotny et al.  2001 ;  Etzkowitz and 
Leydesdorff    2000 ). These changes have been accompanied by changes in research 
goals, activities and methodology. This has particular implications for R&D, 
research policy, planning and management, and for wider fi elds of economic and 
education policy and planning in engineering, innovation and university-industry 
cooperation. These changes have particularly important implications for engineer-
ing education and innovation in developing countries. 

 Developing countries have particular needs for R&D to promote social and eco-
nomic development and poverty reduction, yet face serious constraints of limited 
funds and weak institutional capacity for R&D (and limited support from aid donors 
and development agencies for “research”). Developing countries need to strengthen 
research policy, planning and management to promote R&D in response to the chal-
lenges and opportunities presented by ICTs and globalisation. This requires 
research, institutional development and capacity building, the development and 
sharing of information, international networking and cooperation. To facilitate this, 
analysis of knowledge and innovation systems regarding R&D and research policy, 
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planning and management is required, in conjunction with studies and analysis of 
research and research needs in developing countries. This includes research and 
research needs in engineering, science and technology, education, the social sci-
ences, information-communication and other areas. 

 Activity in this area is required to address issues relating to research and research 
needs, information-sharing and international cooperation, with a focus on informa-
tion, education and training in engineering research, research management and 
innovation in developing countries. Activity would be facilitated in a range of linked 
intersectoral activities, such as the development of information, workshops and 
training activities. Activity should include related initiatives, including the develop-
ment of information, learning and teaching materials and the organisation and sup-
port of discussion at international, regional and national level to promote institutional 
development and capacity building in research management. 

 The main overall objective of such activity would be institutional development 
and capacity-building in research and research management in developing and eco-
nomically transitional countries. This would be achieved by the development, pro-
duction and distribution of information (for awareness-raising and advocacy) and 
learning/teaching materials for use in education and training relating to research and 
research management, and the organisation of associated regional and national dis-
cussions on research management. Such discussions would focus on information 
exchange and training activities. A related objective of such activity would be pro-
moting the importance of research on engineering, science and technology, infor-
mation production and advocacy to aid donors and development agencies, who 
frequently overlook these topics in the development and poverty reduction contexts. 
Promoting and popularising EST and linking this to economic development and 
poverty reduction is of the utmost importance in overcoming the popular notion that 
EST is disconnected from development. Research and the discussion of the (non- 
linear) linkage between EST and economic development is of particular relevance 
in the research management context, and it is useful to note that the  World Bank   and 
various regional Development Banks, international, regional and national organisa-
tions and agencies have been developing an interest in this area.  

     Models of Engineering Education and Innovation   

 Engineering changed through the nineteenth and into the twentieth Centuries, and 
with it engineering education. This refl ected the rise of the ‘engineering sciences’ 
and the increasingly close connection between engineering, science and mathemat-
ics (the engineering sciences rose in Europe, and refl ects linguistic and cultural 
differences in the understanding and status of ‘engineer’ and ‘engineering’ – similar, 
for example to ‘SET’ in the United States, which refl ects the cultural esteem of 
engineering in that country, compared to the UK, where the ‘E’ is often silent). By 
the end of the nineteenth Century, most of what was becoming industrialised coun-
tries had established their own engineering education systems, based on the liberal, 
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student-centred model introduced by  Wilhelm von Humboldt   at the University of 
Berlin – combining theory and practice, focused on scientifi c research. The 
“ Humboldt model  ” went on to infl uence the development of universities in France 
and elsewhere, although the emphasis on practice as well as theory was often later 
overlooked. In the twentieth Century, the professionalization of engineering contin-
ued with the development of learned societies and the accreditation of engineers 
through qualifi cation and continued professional development, with universities and 
professional societies facilitating education, research and the fl ow of information 
through journals, technical meetings and conferences. These processes continue 
with the development of international accords, standards and accreditation for engi-
neering education, and the mutual recognition of engineering qualifi cations and 
professional competencies. These include the  Washington Accord   (established in 
1989), Sydney Accord (2001), Dublin Accord (2002), APEC Engineer (1999), 
Engineers Mobility Forum (2001) and the Engineering Technologist Mobility 
Forum (2003), and the 1999 Bologna Declaration relating to quality assurance and 
accreditation of bachelor and master programmes in Europe. 

 The  Humboldt model  , of the need for theory and practice in university education, 
was transferred, innovated and developed with an increasing focus on theory, less 
on student-centred practice. This development of the ‘post-Humboldtian’  model   is 
one of the factors that lead to the present day decline of interest and enrolment in 
engineering at university level. The mathematical base became regarded by many 
young people as too abstract, out of touch, hard work and boring. This lead to a 
questioning of the post-Humboldtian model, and, ironically, increasing interest in 
problem- and activity-based learning – part of the original theory/practice model of 
Wilhelm von Humboldt. The post-Humboldtian model, with the emphasis on the-
ory, also underpins the “linear model of innovation” – the fi rst and major conceptual 
model of the relation between research-lead science, technology and economic 
development. The linear model is based on the post-Humboldtian notion that pure, 
disinterested, basic scientifi c research, followed by applied research and develop-
ment, leads to knowledge applications, production, innovation and diffusion. 

 Early models of engineering, science, technology and innovation include softer 
and harder versions of technological determinism – the view that technology drives 
social and cultural development. This was accompanied by various perspectives on 
the history of science and technology (and engineering). More sophisticated models 
followed, based around science, technology and society (STS) and S&T studies, 
and increasing interest in the social construction and shaping of technology. This 
interest refl ected the growing number of university departments focusing on under-
graduate and postgrad courses and research in STS and S&T studies in the US, UK 
and Europe from the 1960s (stimulated particularly by the publication of  Kuhn  ’s 
“The Structure of Scientifi c Revolutions” in 1962 and the concept of scientifi c para-
digms and paradigm change). This also stimulated an interest in science determin-
ism and the linear model of innovation. Other models of science, technology and 
innovation (STI) followed, based on systems theory. More recent STI models based 
on systems metaphors and analogies include the “ecosystem” model. While models, 
metaphors and analogies have facilitated and enriched understanding in science and 
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engineering ( Hesse    1963/1966 ;  Black    1962 ), the ecosystem model adds little 
epistemological insight and has confused casual observers in understanding the 
construction (and social construction) of reality (Berger and  Luckman    1966 ). 

 Models of engineering, science, technology and innovation began with the  linear 
model of innovation  , although there is some question whether this model ever actu-
ally existed, and was more a social construction to fi ll such a role ( Edgerton    2004 ; 
 Godin    2006 ). The linear model of innovation and technological change posits that 
innovation derives from basic research in a linear fashion through applied research 
and engineering to technology and innovation, emphasizing basic research in “tech-
nology push” or “market pull” versions. Later, more complex and richer models of 
innovation derive from Actor-Network Theory ( Latour    1987 ), and the social shap-
ing of technology (Mackenzie and  Wajcman    1985 ). Contemporary models of inno-
vation include open innovation and user innovation – relating, respectively, to 
openness to internal and external ideas, products, processes and services, and to 
user-developed ideas, products, processes and services. 

 The linear model became the common world view on innovation, due largely to 
its beguiling simplicity for the public and policy makers, and the support of the sci-
ence funding lobby. The precise origins of the model are unclear, although many 
accredit the emphasis in 1945 of  Vannevar Bush  , an electrical engineer and head of 
the U.S. Offi ce of Scientifi c Research and Development during World War II, on the 
role of basic science in technological development and wartime success, under-
pinned by statistics based on and reinforcing the conception of the linear model. The 
linear model became the paradigm for “science and technology policy” and postwar 
economic development, as embodied in the Marshall Plan and later the work on 
“science and technology” indicators by  OECD   and UNESCO, despite various cri-
tiques. Chief among these were that the linear model overlooks the role of engineer-
ing and engineering education in innovation. Science and technology statistics and 
indicators overlook engineering, for example, in not differentiating or disaggregat-
ing data on science and engineering in relation to numbers of graduates, employ-
ment and research – where many engineers may be recorded as doing ‘science’, and 
many scientists may actually be doing engineering (the space programme and 
‘rocket science’ was essentially engineering). The linear model therefore gives a 
misleading and inaccurate picture of science, engineering and technology, and 
largely overlooks the role of engineering in development, and in science and 
technology policy. 

 An accurate and up-to-date model more representative of actual and changing 
modes of knowledge production, application and innovation is urgently required. 
Science and engineering are part of a system, combining research, application and 
innovation, encompassing government, universities and industry, and an accurate 
model should be based on a systems conceptualisation of science, engineering, 
technology and innovation. The limitations of such an approach should also be rec-
ognised – in many developing countries, for example, there is less of a system at 
national level, where a model of knowledge transfer, application and innovation is 
more accurate and appropriate. Science and engineering education needs to be 
based on such a systems conception, as does policy understanding of the role of 
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engineering in development. There is a particular need to address post-Humboldtian 
notions underlying the ‘fundamentals’ approach to engineering education as well as 
the linear model of innovation. 

 There is a need to emphasise the particular contribution of engineering, over science, 
to innovation and development, to underline the weakness of the linear model. 
There is a need to develop engineering studies and associated policy to facilitate 
this, and to support research to better facilitate understanding of innovation and 
technology transfer, at all levels, especially in developing countries. In the develop-
ing country context, there is a particular need to put engineering on the development 
agenda by focusing specifi cally on the important role that engineering and engineer-
ing education plays in addressing the UN  Millennium Development Goals  , espe-
cially poverty reduction and sustainable development. Engineering education needs 
to respond to the seventh wave of sustainable ‘green’ engineering and technology, 
climate change mitigation and adaptation, with a focus on environmental and eco- 
engineering and associated design, manufacturing and infrastructure. 

 Promoting public and policy understanding and interest in engineering will result 
from a better appreciation of the contribution of engineering to development, sus-
tainability and poverty reduction. This will be facilitated by information, case stud-
ies, advocacy and the inclusion of engineering studies in educational curricula at all 
levels. At the university level, for example, there needs to be better course content 
and project activity relating to the relevance of engineering in addressing contem-
porary concerns and better linkage of engineering with social and ethical issues, 
sustainability and improving the quality of life around the world. The effi cacy of 
such an approach is demonstrated by the success of such activities as the Daimler- 
UNESCO  Mondialogo Engineering Award   and growth of  Engineers Without 
Borders   groups around the world – which are attractive to students concerned about 
such issues. Such initiatives help engineering enrolment, public and policy aware-
ness of the importance of engineering in social, economic, international and human-
itarian development. Engineering has changed the world, but is professionally 
conservative and slow to change. To attract young people, and to help them in facing 
the challenges of the future, engineering education needs to put fun back with the 
fundamentals. Curricula and pedagogy needs to be transformed from a formulaic 
approach, that turns students off, with the use of information and experience in 
active, project and problem-based learning, combining just-in-time theory and 
hands-on applications that turns them on.  

     Engineering Studies, Policy and Planning   

 The background to the transformation of engineering education relates particularly 
to government and academic interest in science and science policy and planning, 
which has neglected engineering. Despite the importance of engineering in develop-
ment, engineering is generally overlooked in economic development, also in sci-
ence studies, the social studies of science, “S&T”, science policy and planning, 
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where engineering is seldom mentioned. Engineering studies, policy and planning 
needs to be developed to facilitate the transformation of engineering and engineer-
ing education. Interest in science and science policy and planning developed par-
ticularly after 1945. Refl ecting this interest, courses and then departments focusing on 
science and technology studies, policy and planning were established in the 1960s 
at universities around the world. Business schools also developed an interest in sci-
ence, technology and innovation. Most of this interest focused on science or ‘sci-
ence and technology’ policy, with little reference to engineering. The study of 
engineering, and engineering policy, remained a neglected area of interest and 
emphasis. This is refl ected in the limited public, media and policy awareness, per-
ception and understanding of engineering today. The main reasons that science and 
technology policy has a focus on science rather than engineering relate to classical 
economics, public and research policy, and the popular perception and ‘linear 
model’ of science and innovation. 

 In classical economics, technology is regarded as residual, subordinate to the 
three factors of production – land, labour and capital. Science policy developed 
from public and research policy, and the principle that decisions regarding the allo-
cation of research funds should be made by researchers rather than politicians – thus 
favouring science rather than engineering. In the ‘linear model’ of innovation, basic 
science research is imagined to lead, through applied science and engineering, to 
technological application, innovation and diffusion. This model, promoted by 
Vannevar Bush in the postwar period, and has endeared and endured with scientists 
and policy-makers on grounds of simplicity and funding success, although many 
science and technology policy specialists now regard the ‘linear model’ as inaccu-
rate and misleading. This is partly due to the recognition that many innovations 
derive from engineering, rather than basic science. Interest in the role of science, 
engineering and technology in international development also evolved towards the 
end of the colonial period in the 1960s, with the development of universities in 
developing countries, again with a focus on science, rather than engineering, repli-
cating universities in developed countries. 

 Given this background, and the rapid change in knowledge production, dissemi-
nation and application, there is a particular need to develop a more holistic view of 
science, engineering and technology, better integrating engineering into the narrow, 
linear model focusing on the basic sciences. To achieve this, there is a need to 
emphasize the way engineering, science and technology contributes to social and 
economic development, and the vital role engineering will plays in promoting sus-
tainability, climate change mitigation and adaptation. There is also a need to better 
integrate engineering into science and technology policy and planning, and of better 
integrating engineering, science and technology into development policy and plan-
ning, to provide a more useful and accurate refl ection and model of reality. This also 
applies in the development context – engineering, science and technology drive 
development, are vital in promoting sustainability and poverty reduction, and need 
to be placed at the heart of policies addressing these issues, at the national and inter-
national levels. As noted above, engineering is vital in addressing basic human 
needs in water supply, sanitation, housing, energy, food production and processing, 
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transportation, communication, income generation and employment creation. 
Development policy and planning would benefi t from a broader approach and 
‘evidence- based’ analysis of the way engineering and technology drives development 
and reduces poverty. These considerations also relate to the need to transform engineering 
education to facilitate innovation and development, and the important role of PBL 
and humanitarian engineering in encouraging the interest, enrolment and retention 
of young people in engineering in developed and developing countries.     
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                Introduction 

    Anders     Buch       and     Stig     Andur     Pedersen     

    In the tradition of Cartesian philosophy, epistemology, ontology and ethics deal 
with separate domains of reality and these branches of philosophy are often pursued 
independently of one another. Ontology refl ects on and specifi es the metaphysics of 
existence and reality, epistemology is concerned with the nature and scope of our 
knowledge of reality, and ethics is preoccupied with what is right and wrong in our 
conduct. However, the study of engineering practices challenges this departmental-
ization of philosophical refl ections, and it seriously challenges the Cartesian ambi-
tion to fi nd a fi rm epistemological basis for our knowledge claims about reality. 
Studying Engineering work reveals a plethora of complex processes involving many 
different kinds of assumptions, knowledge, techniques, values, and procedures. 

 As Stig Andur Pedersen demonstrates in Chap.   10    , engineers are quite often 
involved in diffi cult decision processes involving serious uncertainties where rele-
vant knowledge in many cases is lacking. On the other hand, as William Grimson 
and Mike Murphy show in Chap.   9    , engineers can also be overwhelmed by data and 
information. Contrary to how it is in natural science, as in nuclear physics, for 
example, engineers are not able to restrict their work to a clearly delimited domain 
that can be studied by applying a restricted class of well-defi ned methods and pro-
cedures (Hendricks et al. 2000). In many cases engineering decision processes do 
not only concern genuine technical problems, but are entangled with social, eco-
nomic, ethical, and political issues, as suggested by Pieter Vermaas in Chap.   8    . So, 
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when discussing epistemological problems related to engineering work and research 
it is necessary to bear in mind that engineering problem solving often takes place in 
situations where (1) serious uncertainties are involved, (2) relevant knowledge is 
lacking, or is undiscernable due to the overload of data, and (3) the problem under 
consideration has essential social, economic, ethical, or political consequences. 
Engineering work is thus often conducted in complex and heterarchical settings 
(Stark 2009) that give no straightforward directions for performance. An epistemol-
ogy of engineering has to address these kind of complications. 

 Engineering decision-making and problem solving take place in all kinds of 
practical situations in society. It is the practical situation that defi nes the scope of an 
acceptable solution. If a possible solution does not fi t into customary practice, it will 
not be accepted unless it is modifi ed in a way that fi ts practice, or until customary 
practice itself is changed. So, engineering decision-making and problem solving are 
heavily practice dependent and reliant on the normativities inherent in situations. 
That means, for instance, that the intention of the engineer does not necessarily 
coincide with intentions that dominate activities in practical life outside the engi-
neering profession. Such different intentions must converge in order for a solution 
to be accepted as valid. Consequently, when discussing validity of engineering rea-
soning it is important to make clear that criteria of validity in many cases cannot be 
defi ned in a purely technical sense, but must pay regard to the various views and 
normativities that dominate practical life. In engineering, questions of right and 
wrong – questions of normativity traditionally dealt with in the discipline of moral 
philosophy and ethics – de facto affects the directionality and pursuit of engineering 
knowledge. 

 Newberry’s wide-ranging Chap.   11     is working at the boundary of epistemology 
and axiology, thus transgressing the split between Part II  and III in this volume. His 
chapter may be said to highlight the complexity or ambivalence of such important 
goals for engineers as “effi ciency” and “optimization.” On the one hand, effi ciency 
is a presumed good of high importance: what engineer, or what human being, seeks 
ineffi ciency? On the other hand, what kind of effi ciency do we seek? As Newberry 
writes, quoting Billy Koen, “In a society of cannibals, the engineer will try to design 
the most effi cient kettle”. Meditation on effi ciency and optimization as unqualifi ed 
goods leads to the conclusion that they are not: their goodness depends in part on the 
ends or goals for which they, in turn, are sought. If we do not examine these ends, 
we might enjoy “micro-effi ciency”, but this certainly does not ensure a general 
result in which we can be confi dent or of which we can be proud. To the contrary, 
the effi cient manufacture of ineffi cient products is no one’s ultimate goal. 

 It is of course the main focus of engineering work and research to effi ciently 
solve practical – and often very complex – problems as they appear in our modern 
society, but complexities in society lead to further complexities and create new 
kinds of problems that require new kinds of engineering. Modern technical prob-
lems are so complicated that new advanced scientifi c methods and theories are 
needed in order to cope with them. That means that engineering decision-making 
and problem solving are, and must be, science based. So, engineers must not only 
have a clear understanding of the practice they are engaged in, their analyses and 
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activities require advanced scientifi c methods and theories. In a sense, one  distinctive 
feature of a modern engineer is that he or she must be capable of identifying a prac-
tical problem, putting it into an abstract scientifi c framework, and then coming up 
with a scientifi c solution that lives up to the practical needs. This leads to other 
complications of engineering epistemology. Engineering work comprises both 
abstract theoretical and normativized concrete practical knowledge, and both kinds 
of knowledge are relevant and must be interlinked. However as Stig Andur Pedersen 
shows in Chap.   10    , scientifi c abstraction and engineering concretization pull in 
opposite directions, for which reason the interlinking of these two forms of 
 knowledge is a serious challenge. 

 As engineering work situations are part of complex social practices there are 
often many other groups of professionals involved. In many cases engineers must 
consult political decision-makers, economists, scientists, and craftsmen. In order to 
work out a design or solve a problem the engineer must be able to communicate 
with other players within a heterogeneous project group and navigate within com-
plex organizational structures. A design proposal or work plan is thus often a com-
promise made within heterogeneous groups, organizational textures, and interrelated 
social formations. It is an important engineering skill to be able to understand and 
compose compromises that eventually will lead to sustainable solutions. 
Understanding these complex patterns of professional conducts, performances, 
interactions, and negotiations places other demands on studying engineering activi-
ties. Drawing on practice theoretical perspectives, Buch argues in Chap.   7     that 
understanding engineering work would benefi t from replacing the Cartesian episte-
mology of the individual knower with a relational and ontological perspective on 
engineering knowledge that focuses on the situated doings of engineers – thus 
developing a different ontology of knowing. 

 It is important to notice that many engineering designs and constructions address 
complex problems with huge social, economic, and political consequences. They 
may lead to great benefi ts but at the same time they may be very risky and might 
lead to serious catastrophes. As a consequence of this, engineering work will as a 
rule involve ethical issues. In fact, it radicalizes ethical problems due to the fact that 
engineering often proposes novel solutions that have far-reaching consequences and 
implications. That is evident if one looks at the consequences of the weapons indus-
try, the use of pesticides and other modern polluting chemicals, or development of 
nuclear energy production. But also, less dramatic engineering designs – e.g. in 
software development, surveillance technologies – may affect human conduct in 
ways that call for ethical refl ections. So, ethical issues are an integral part of an 
engineering problem situation. They are related both to the evaluation of useful 
consequences of possible solutions and to negative ones such as possible risks, 
issues of sustainable production, possible violation of human rights, surveillance, 
etc. How ethical and other value judgments are integrated in and cooperate with 
other forms of engineering knowledge is an important open epistemological issue. 

 Epistemology is concerned with the nature of knowledge. But there are many 
different forms of knowledge(s) and it is impossible to give a common and unam-
biguous characterization of all forms independently of how they are situated 
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(Harraway 1991) and enacted within social practices. To understand engineering 
knowledge we need to contextualize it. As we have seen, engineering work 
requires knowledge on many different levels and it is important that these very 
different forms do cooperate during engineering work. So, engineering epistemol-
ogy concerns practical, context-dependent as well as abstract, supposedly context-
free knowledge. It must consider questions of objectivity as well as subjective, 
situation -dependent, or value-dependent questions, and it must cope with uncer-
tain and partial knowledge. Karen Barad has in fact suggested that instead of 
speaking of  epistemology, ontology, and ethics as compartmentalized perspec-
tives, we should preferably pay attention to the interrelation of these domains:

  The separation of epistemology from ontology is a reverberation of a metaphysics that 
assumes an inherent difference between human and nonhuman, subject and object, mind 
and body, matter and discourse. Onto-epistem-ology – the study of practices of knowing in 
being – is probably a better way to think about the kind of understandings that we need to 
come to terms with how specifi c intra-actions matter. Or, for that matter, what we need is 
something like an ethico-onto-epistem-ology – an appreciation of the intertwining of ethics, 
knowing, and being – since each intra-action matters, since the possibilities for what the 
world may become call out in the pause that precedes each breath before a moment comes 
into being and the world is remade again, because the becoming of the world is a deeply 
ethical matter. (Barad 2007, p. 185). 

 How to integrate all these different forms of knowledge in a rational and respon-
sible way in concrete problem solving situations is thus the big issue for engineering 
epistemology. The chapters in this    part all deal with this complex phenomenon. 

 Anders Buch in Chap.   7     refl ects on studies of engineering practices and proposes 
a research agenda inspired by practice theory for advancing engineering studies 
further. In the practice theoretical perspective, epistemological questions are trans-
formed into ontological ones. Following practice theory he proposes that it is neces-
sary to study the situated lived lives and social practices of engineers in order to 
understand the ways engineers perceive, interact with, and refl ect on their environ-
ment. He outlines the theoretical and methodological presumptions of the practice 
theoretical perspective and points to the advantages of adopting this perspective in 
engineering studies. The practice theoretical perspective is preoccupied with identi-
fying and describing mechanisms of change and stability in social practices, in 
organizations, and in social reality in general. It can thus serve as a valuable frame-
work for addressing issues and concerns in relation to engineering education reform 
initiatives and interventions and design efforts in engineering work practices. 

 In Chap.   8     Pieter Vermaas contemplates the changing role of the engineer in 
design processes. Designing has been viewed as a quintessential and defi ning char-
acteristic of engineering practices, but Vermaas documents how this trademark has 
in fact undergone fundamental changes over the last fi ve decades. Originally, the 
engineer was positioned in the role of an assistant supplying technical solutions in 
design processes. But roles have shifted and engineers have increasingly involved 
themselves in ‘non-technical’ elements in the design process, such as needs formula-
tion and problem formulation in the design process, to in fact taking upon themselves 
to actively suggest and identify latent needs of users. This suggests that the engineers 
have come to play a more signifi cant role in all phases of the processes, but it equally 
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suggests that engineering can no longer be confi ned to the technological domain. 
Design processes have developed in ways that give still more authority to engineers, 
but at the price of pushing engineering to non-technical domains. The development 
Vermaas documents in design practices mirrors what Rosalind Williams (2002) in 
more general terms has diagnosed as the ‘expansive disintegration’ of engineering. 
Increasingly engineers comes to occupy new domains and functions in developing 
and producing solutions, but in transgressing the traditional confi nes the engineers 
risk blurring the unique and defi ned disciplinary boundaries of engineering. 

 William Grimson and Mike Murphy point out that engineers use whatever 
knowledge is relevant, whatever its origin, to address a particular challenge. It is an 
epistemological problem that there is more relevant knowledge than can be absorbed. 
The body of knowledge relevant for an engineer can be organized in pyramidal 
structure. The bottom layer represents fundamental knowledge such as mathematics 
and natural science. The middle layer comprises engineering domain knowledge 
such as engineering analysis and design methods. Finally, at the top level one fi nds 
knowledge associated with the competence required of chartered or professional 
engineers. This system of knowledge is not uniquely determined and could easily be 
expanded. It is in a sense a mélange. Consequently, it is not possible to fi nd a unique 
epistemological foundational basis for engineering. But although the knowledge 
content of the structure changes, sometimes abruptly, the structure is still there. The 
middle layer represents the core of what engineering is, namely the ability to ana-
lyze, design, test, evaluate, etc. The top layer of knowledge characterizes the deep 
understanding of the underlying layers by which engineering work can be carried 
out using appropriate methods and when necessary devising new approaches. 

 The chapter by Stig Andur Pedersen discusses the tension between scientifi c 
idealization and engineering concretization. Modern science and engineering design 
are two closely related activities. Both mathematics and empirical science need 
advanced technical devices such as computers and laboratory equipment, and mod-
ern engineering design would be impossible without advanced scientifi c theories 
and methods. However, in spite of this close interdependence they are two different 
activities with their own specifi c logics. The main goal of science is to identify and 
study the most general laws of nature. This requires comprehensive abstraction and 
idealization, and, as a consequence of that, advanced mathematical and physical 
theories are only valid of highly abstract and isolated systems. But engineering 
design is concerned with concrete constructions in real contexts. Engineers are able 
to build models that describe and explain systems and mechanisms under abstract 
and idealized conditions. However, technological devices must live outside con-
trolled laboratory conditions. In such open contexts our knowledge is uncertain and 
imperfect. Hence, the engineer must face the very complicated epistemological 
problem of building a useful foundation for decision-making in situations where 
certainty and completeness is impossible. 

 Finally, in Chap.   11    , Byron Newberry refl ects on different notions and meanings 
of effi ciency and how they relate to engineering values. Newberry points out that 
although effi ciency plays an important role as a norm and value in engineering 
work, it is far from clear what should be understood by the term. Also, he points out, 
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it is a mistake to associate effi ciency specifi cally to engineering practices since 
notions of the term are also closely related to thinking in other disciplines, e.g., 
evolutionary biology and economics. He explores the many meanings of the term, 
both technical and broader, and argues that effi ciency is not a specifi c signature 
value of engineering per se. Only in a microscopic sense is effi ciency closely linked 
to engineering practices – but this seems also to be true in relation to economic 
activities in general.  
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    Chapter 7   
 Studying Engineering Practice 

             Anders     Buch      

    Abstract     The study of engineering practices has been the focus of Engineering 
Studies over the last three decades. These studies have used ethnographic and 
grounded methods in order to investigate engineering practices as they unfold in 
natural settings – in workplaces and engineering education. However, engineering 
studies have not given much attention to conceptually clarifying what should be 
understood by ‘engineering practices’ and more precisely account for the composition 
and organization of the entities and phenomena that make up the practices. This chapter 
investigates and discusses how a ‘practice perspective’ can make a contribution to 
Engineering Studies by clarifying the theoretical and methodological presumptions 
behind this widely used – but only vaguely conceptualized – study of practices. The 
chapter highlights the inspirations of practice theory and delimits practice theory 
from other accounts of human activity in order to clarify what a practice perspective 
suggests. Further, it clarifi es the concept of practice and highlights how practices are 
fundamental in understanding the fabric of social orderings. Having accounted for 
these theoretical perspectives of practice theory the chapter will draw out some 
methodological consequences and discuss the ramifi cations of a practice theoretical 
approach for Engineering Studies.  

  Keywords     Engineering studies   •   Practice theory   •   Methodology   •   Context  

        Introduction 

 The reproduction, development and transformation of engineering work and culture 
have been the focus of a number of theoretical and empirical studies over the last 60 
years or so (Barley  2005 ). In the 1950s and 1960s the predominant perspective was 
that of the engineering profession studied by sociological methods including studies 
of engineers serving authoritarian regimes. In the 1970s the perspective shifted to 
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Marxist inspired discussions of the engineering profession in relation to class structure, 
in parallel to studies of engineering education and skills from a perspective coming 
from ‘industrial sociology’. 

 Over the last 30 years the studies have – to a large extent – used ethnographic and 
grounded methods in order to investigate the specifi cs of engineering work practices 
in situated perspectives. This trend has – in many respects – led to a richer and 
empirically sensitive perspective on engineering work and culture. Thus, detailed 
studies of  engineering work practices   provide new material for a richer understand-
ing of engineering culture (e.g. Bucciarelli  1994 ; Vinck  2003 ; Henderson  1999 ; 
Kunda  2006 ; Downey  1998 ; Barley and Kunda  2004 ; Johri  2010 ). The situated 
studies of engineering work practices have refl ected on the organizational and cor-
porate embedding of engineering work and described the minute negotiations that 
take place on a day-to-day basis in the reproduction of engineering culture. 

 A smaller body of  engineering studies   has supplemented the situated diachronic 
perspectives on engineering work practices by introducing synchronic perspectives 
that illuminate the broader life-worlds of engineers – thus refl ecting on the  subjective 
dimensions of engineering practices as narrated through the life-stories of  practicing 
engineers (e.g.    Buch and Christensen  1998 ; Buch  2002 ; Mellström  1995 ). Likewise, 
a small number of other studies have given accounts of the process of  becoming  an 
engineer and the process of neophytes entering engineering culture at engineering 
schools and universities (e.g. Downey and Lucena  1997 ; Tonso  2007 ). 

 What unites all these ethnographies is the awareness of context in studying 
 engineering – an awareness that the phenomenon of engineering should be studied 
as and through situated practices; i.e., that engineering should be seen as a bundle 
of activities immersed in, infl uenced or determined by, and composed of various 
entities and phenomena. Although not all of the mentioned ethnographies explicitly 
talk about engineering in terms of situated practices, it is clear that all of them view 
engineering as social and material activities that are situated in time and space, part 
of a ‘wider scene’ and characterized by relatively durable ways of doings and 
 sayings, rules, conventions, specifi c tools, equipment, procedures, analytical prefer-
ences, etc., that we recognize as part of engineering culture. This approach comes 
close to a practice perspective by recognizing the heterogeneity and complexity of 
the sites where engineering culture is enacted, reproduced, or even transformed. But 
it is also clear that engineering studies have not given much attention to conceptually 
clarifying what should be understood by ‘engineering practices’ or more precisely 
accounting for the composition and organization of the entities and phenomena that 
make up the practices. 

 In what follows I will investigate and discuss this ‘practice perspective’ – or the 
‘practice lens’ as it is often referred to (Feldman and Orlikowski  2011 ; Corradi et al. 
 2010 ) – and thus make the theoretical and methodological presumptions behind this 
widely used – but only vaguely conceptualized – approach to the study of engineer-
ing culture more explicit. However, it is not the ambition of this chapter to review 
the body of literature of engineering studies or to analyze the theoretical and meth-
odological approaches of existing contributions to the fi eld. Instead I will suggest 
and outline a proposal for a research agenda for engineering studies by drawing 
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on insights from the emerged interdisciplinary research tradition of  practice theory  . 
In doing so, caution must be made not to reify or hypostasize practice theory – in 
fact it is more precise to talk about practice theories in the plural. Practice theory is 
not a unifi ed theory and methodology. Practice theory is better described as a set of 
theoretical and methodological insights that are historically affi liated and bear con-
ceptual similarities. I will start by highlighting the inspirations of practice theory 
and delimit practice theory from other accounts of human activity in order to clarify 
what a practice perspective suggests. I will then continue to clarify the concept of 
practice and highlight how practices are fundamental in understanding the fabric of 
social orderings. Having accounted for these theoretical perspectives of practice 
theory I will draw out some methodological consequences and discuss the ramifi ca-
tions of a practice theoretical approach for engineering studies.  

    Practices 

 Practice theoretical approaches have made their entry in the social sciences and 
humanities over the last 30 years. Still more scholars in different disciplines and with 
different research interests and backgrounds have focused on the day-to-day prac-
tices of actors in their studies. Philosophers like Theodore Schatzki ( 1996 ,  2002 ), 
Joseph Rouse ( 2007 ) and Andreas Reckwitz ( 2002a ,  b ) have sketched out the funda-
mental ontological and epistemological presumptions of practice theories in relation 
to agency, the social, and society, and described how practice theories draw on philo-
sophical insights from mainly the late Wittgenstein and the younger Heidegger, but 
also signifi cantly the early Giddens, Bourdieu, Butler, and the late Foucault. In  orga-
nizational studies  , social scientists like Wanda Orlikowski ( 2000 ,  2002 ), Silvia 
Gherardi ( 2006 ), Davide Nicolini ( 2013 ) and others have theorized and analyzed the 
role of technology within organizational development and change, and learning theo-
rist like Paul Hager et al. (    2012 ), Jean Lave ( 1988 ,  2011 ), Jean Lave and Etienne 
Wenger ( 1991 ) and Etienne Wenger ( 1998 ) have demonstrated how learning pro-
cesses are best understood as transformations of and within practices. In another 
intellectual tradition, namely  activity-theory  , Yrge Engeström ( 1999 ) and others have 
studied work practices and stressed the interplay with the material environment and 
the role of tools as essential features of human practices. The practice theoretical 
approaches have spread to other areas of research like consumption (Shove et al. 
 2012 ; Warde  2005 ) and sustainability studies (Shove and Spurling  2013 ; Cohen et al. 
 2013 ). In  Science and Technology Studies   (STS), practice theoretical approaches 
have appeared most notably in the works of Karin Knorr-Cetina ( 1985 ,  1999 ) and 
Joseph Rouse ( 1996 ,  2002 ), but practice theoretical approaches are held in common 
with many STS approaches, e.g. in the traditions of ethnomethodology, actor-net-
work theory, and other posthumanist perspectives (e.g. Pickering  1995 ). Several 
announced scientifi c journals have devoted special issues to the discussion of the new 
practice approaches within the social sciences (e.g.  Organization  2000,  The British 
Journal of Sociology  2002 and  Human Affairs  2007) – thus practice theoretical 
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approaches have come to the fore and signifi cantly infl uenced contemporary social 
science. Many scholars have observed this impact and describe the increasing atten-
tion to social practices as a ‘practice turn’ in social science (Schatzki et al.  2001 ) or 
a ‘bandwagon’ of practice based studies (Corradi et al.  2010 ). 

 But what have made the practice perspective so attractive to these social scien-
tists? What are the general assumptions that draw researchers of different intellec-
tual origin and tradition together in studying such diverse phenomena as 
‘consumption’ and ‘scientifi c knowledge production’ by using the ‘practice lens’? 
In a newly published introduction to practice theory Nicolini ( 2013 ) characterize 
the general assumptions within practice theoretical studies. He points to fi ve 
assumptions ( 2013 , 1ff.): Firstly, it is a characteristic of practice theories that they 
focus on the lived social life of actors. Thus the social activities and work processes 
of actors are studied and the routinized rule governed and institutionalized charac-
ters of performances are given special attention – not as explanatory devices, though, 
but as accomplishments of human activities. Thus the practice theoretical approach 
stresses the productive and reproductive aspects of human activities in understand-
ing stability and transformation within social formations. Learned skills, rituals, 
procedures, etc., are central foci for investigations. Secondly, practice theoretical 
approaches try to do away with dichotomies and refuse to understand human activi-
ties in binary terms of agency/structure, subjective/objective, and body/mind. 
Practice theories stress that human action is embodied, and temporally and spatially 
situated in material environments. In order to understand human action it is thus 
mandatory to refl ect on the specifi c physical and material settings within which the 
actions take place. Thirdly, practice theories do not conceptualize human agency in 
line with the classical conceptions of either the  homo economicus , i.e. the autono-
mous rational individual with purposes, intentions, etc., or the  homo sociologicus , 
i.e. the norm-abiding or rule-following ‘cultural dope’. Instead practice theories 
conceptualize human agency in terms of the  homo practicus  – the human agent that 
‘carries’, but also ‘carries out’ social practices (Reckwitz  2002a , p. 256). Practice 
theory is a branch of culturalist theories, but it deviates from structuralist and sub-
jectivist (phenomenological and interpretative) cultural accounts by focusing on the 
enactment of practices. Fourthly, practice theories resolutely reject representational 
theories of knowledge, meaning, and language. ‘Knowledge’ is not a property of the 
mental states of individuals, but is better understood as ‘knowing’ that is produced 
and shared within concrete activities and practices. Likewise, discourse does not 
belong to a separate non-material structural realm, but is an integral part of unfold-
ing human material practices. Finally, practice theories foreground that the dynam-
ics of practices should be understood in terms of power relations, interests, 
negotiations, confl icts, etc. Thus the perspective recognizes the highly contingent 
features of human affairs and stresses the interruptions, contestations and unevenly 
distribution of resources and privileges in social life. 

 These characteristics of practice theoretical perspectives are, of cause, highly 
interwoven in theoretical accounts, as they are in concrete studies informed by 
the practice theoretical approach, and it is also the case that practice theorists 
have different concrete interpretations of the tenets outlined above. It would be 
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 presumptuous – and in fact misleading – to stipulate that  a  practice theoretical position 
can be identifi ed. Instead, more authors (e.g. Nicolini  2013 ) – borrowing 
Wittgenstein’s concept – have pointed to the fact the theories bear a ‘family resem-
blance’ to one another: No strict communalities can be found in all of the theories, 
but many similar features can be traced in many of them. It would thus be more 
precise to speak of practice theories – in the plural. But the aforementioned 
approaches do share a common awareness of the fundamental relational character 
of being-in-the-world. Individuals are not isolated observers or agents that occa-
sionally interact with other individuals or the material environment, nor are rela-
tions construed as abstract structures that bind actors together. Actors construe 
relations as links between particular and specifi c entities – both human and non-
human. Likewise, humans do not interpret each and any occurrence in order to 
experience the world they live in. Practice theory recognizes that things are mostly 
always-already-interpreted; we have become familiar with the world through the 
training, routines, socialization, ways of life, etc., that makes us human. What pre-
occupies researchers within the tradition is thus, according to Martha Feldman and 
Wanda Orlikowski ( 2011 , p. 1240), to investigate the ‘why’, ‘how’ and ‘what’ of 
practices. The ‘why’ question is primarily dealt with by philosophical refl ections 
over the ontological and epistemological status of social life. Here practice theoreti-
cal approaches argue for the ontological primacy of practices. The ‘how’ question of 
practice theories is answered by the specifi c practice theories of, say, Pierre Bourdieu 
( 1990 ), Lave and Wenger ( 1991 ), or Engeström ( 1999 ). They specify the dynamical 
mechanisms that explain how relations within and between practices are enacted, 
reproduced, and transformed. Finally, the ‘what’ question deals with the empirical 
fi ndings of practice theories. It will take us too far to elaborate on the ‘how’ and 
‘why’ questions. Practice theories comprise a broad range of theoretical approaches 
and span numerous fi elds of research. To illustrate what practice theories can offer 
Engineering Studies I will instead focus on the ‘why’ question and account for the 
ontological thesis of practice theory. Here I will primarily refer to the work of 
Theodore Schatzki.  

    The Primacy of Practices 

 As this book testifi es, the role of context is central to the study of engineering (work) 
practices. Firstly, engineering studies recognizes that engineering is part of a ‘wider 
scene’ and that engineering is not just about technical specifi cities. There is seem-
ingly a broad consensus in engineering studies that engineering and technology 
must be studied as complex phenomena through ethnographic methods that are sen-
sitive to the complexities of the endeavor. But the consensus stops when scholars try 
to answer questions about the complexities. What exactly is this ‘wider scene’ and 
how do the complexities impact, shape, or determine engineering (work) practices? 
Context is often invoked to indicate that engineering is not a self-suffi cient, self- 
determined, and self-explanatory phenomena, but, on the contrary, part of something 
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more that ‘surrounds’ it. The use of context thus indicates that something – the text: 
engineering – is part of and entangled in something more that surrounds it. Secondly, 
context indicates that forces of determination are at play within this entanglement 
that somehow give structure and establish orderings. And thirdly, that the entanglement 
is made up of various entities that are interconnected (Schatzki, 60ff.). These char-
acteristics vaguely and only formally make the use of context intelligible. We need 
to learn more about in what sense engineering is surrounded by ‘something’, how 
that ‘something’ is affecting engineering, and the character of the various entities 
that make up the context. Engineering studies are thus challenged to be more precise 
and explicit about specifying the ontological and epistemological presuppositions 
of contextual investigations. 

 I suggest that engineering studies can benefi t from the development of practice 
theoretical accounts. Practice theory sees practices as fundamental units of analysis 
and investigates the specifi c activities and the organizing of the activities in detail. I 
suggest that this focus can help engineering studies to be more specifi c about invok-
ing contextual analysis and thus be more explicit about outlining what elements and 
mechanisms are at play in engineering contexts. It is true that the concept of practice 
has been used in a variety of ways (cf. Turner  1994 ) and it thus might seem a poor 
qualifi er for being more precise about the use of context. But through the work of 
Thedore Schatzki ( 1996 ,  2002 ,  2003 ) the concept has been specifi ed to give more 
precision. I will follow Schatzki’s account of practices and illustrate how the notions 
he introduces are relevant for understanding engineering (work). Schatzki broadly 
characterize practices as sets of doings and sayings ( 2002 , p. 73). Practices thus 
comprise bodily actions as well as linguistic utterances, gestures, etc., and thus 
subsume what in other theoretical traditions are labeled as behavior and discourse. 
What unites these actions and linguistic utterances into sets of doings and sayings 
are the specifi c tasks and projects that impose orderings of the actions. What makes 
us characterize a reading of a thermometer or the reporting of temperature increase 
as part of engineering practices are by reference to the tasks (e.g. doing experi-
ments) and the project (e.g. developing enzymes) of which they are a part. Practices 
are thus composed as hierarchically ordered wholes that have certain duration in 
time. The regularity of the doings, sayings, tasks, and projects does not have to be 
constant over time in order to qualify as practice. Practices can change and innovate 
over time and it is a matter of empirical investigation to trace these changes as they 
unfold. But for doings and sayings to qualify as part of a practice it is essential that 
regularities can be detected and disruptions are outbalanced by continuities. 

 Practices thus indicate that human activities are linked through certain   normative 
orderings   . One essential ordering element is the   practical understandings    of the 
actors. Actions are considered competent and qualifi ed according to standards and 
procedures – mostly implicit and tacit by nature. The bio-chemical engineer who is 
engaged with the development of a new enzyme must know how to deal with experi-
mental settings and among a lot of other things know how to read a thermometer. 
Furthermore she must be able to identify why and when it is appropriate to read the 
thermometer and how to respond to an increase in temperature in the experimental 
situation. She must be able to see things like an engineer (cf. Goodwin  1994 ) and 
frame problems and (research) questions accordingly. Practice theory emphasizes 
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that these activities are founded in the practical skills and know-how that actors 
acquire through participation in practices and through drill. Practical understanding 
displays an ability of knowing ‘how to go on’ and having ‘a feeling for the game’, 
thus acting according to the prevailing standards of the practice. Bourdieu stresses 
( 1990 , Chap. 4) that the acquisition of the skills is very much a matter of bodily 
incorporation and Wittgenstein highlights the importance of drill and training in 
learning how to follow rules and partake in ‘a form of life’ ( 1958 , §218ff.). From a 
practice theoretical perspective it is important to understand the  processes of becom-
ing  an engineer and understand how the practice of engineering is reproduced 
through learning and training activities. That might be in engineering schools and 
universities but also very signifi cantly in work practices. Practices thus only exists 
as continual (re)productions or accomplishments. 

 Another ordering element is of cause the   explicit rules   , regulations, instructions, 
standards, and procedures that are pertinent for specifi c practices. Engineering is a 
profession that is regulated by professional bodies, legislation, corporate rules, stan-
dardization of equipment, safety procedures, etc. The institutional role of engineer-
ing as a profession in society is regulated through myriads of restrictions and 
allowances that shape and order the labor processes through e.g. the division of labor 
among professionals, and the incentive structures in wage or contract labor. These 
explicit regulations are very much based on conventions and bear huge national 
differences. But they are essential in shaping the practices of engineering education 
and work. Gary Downey and Juan Lucena ( 2005 ) for example demonstrate how the 
ongoing internationalization of engineering work has ramifi cations for engineering 
education and thus the formative training of engineers into the profession. 

 According to Schatzki a third ordering element that links doings, sayings, tasks, 
and projects is the   teleoaffective structures    of practices. “A ‘teleoaffective structure’ 
is a range of normativized and hierarchically ordered ends, projects, and tasks, to 
varying degrees allied with normativized emotions and even moods (Schatzki  2002 , 
p. 80).” These structures need not be explicitly conscious goals to, or ends in view for 
the actors, but should rather be seen as structural signifi ers that give an overall sense 
to actions. Schatzki emphasize that these structures are recurring effects of actions 
and should not be confl ated with structuralist accounts. The teleoaffective structures 
emerge when there is general agreement about what is acceptable or unacceptable to 
do in situations. The presence of teleoaffective structures does not exclude contro-
versy or disagreement about specifi cities but provides an overall sense of purpose 
and direction for the activities. The structures both produce the practice and are pro-
duced by the practice. Louis Bucciarelli and Sarah Kuhn ( 1997 , p. 212) describe the 
‘ object worlds’   that engineers live within in the following words:

  ..…the goal of storytelling and scenario making is to achieve closure: arrive at a design that 
is fi xed, repeatable, stable, unambiguous, and internally consistent. Object world thinking 
is thinking about the rigidly deterministic. […] The engineer’s ability to abstract from a 
concrete situation, to see an object as a collection of forces, or as a network of ideal current 
generators connected in series and in parallel, is key to problem solving and to managing 
complexity within object worlds. One of the crucial skills conveyed as part of disciplinary 
training is the ability to look at a design, or at a collection of objects, and to see them as an 
abstraction to which scientifi c principles can be applied. 
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   These observations of the overall goals that inform engineering work both 
describe the overall teleology installed in engineering practices and clearly 
demonstrate the normativities, values, and virtues that actors subscribe to in engi-
neering practices. 1  

 A fi nal ordering element relates to the   general understandings    that are available 
to and shared by actors within a practice, though these general understandings, as 
the word indicates, are not proprietary of specifi c practices, but are generally shared 
norms and values. However, they are also active in structuring specifi c practices. 
Engineers like all other members of a community endorse certain religious, ethical, 
ideological, or political norms. Many of these are codifi ed in codes of conduct 
within companies or professional societies and associations (cf. Van de Poel and 
Royakkers  2011 , Chap. 2), but they need not be explicitly stated to be conductive. 
These general understandings thus often span different practices and can make them 
overlap at specifi c junctures in history. 

 These ordering elements of practices are not meant to be jointly exclusive or 
exhaustive characteristics. On the contrary the elements are combined in the doings, 
sayings, tasks, and projects of the practice in complex and interwoven ways. Thus 
the specifi c constellation of these – and maybe other – elements compose the 
uniqueness of the practice. Furthermore, practices are always situated in specifi c 
orders or arrangements that comprise both practices and non-human/material 
objects. The arrangements and the social practices thus jointly constitute the overall 
site where things exist and events happen (Schatzki  2002 , p. 63). Sites are a special 
kind of  contexts   – namely the kind where practices unfold in activities and events. 
To put this point another way, sites are the kind of contexts where actors’ ends and 
human intentions matters. Sites are thus not only locations in objective time and 
space or even activity-place space, but they are also signifi cantly teleological 
located. Sites are part of ‘wider scenes’ of events and activities. The bio-chemical 
engineers reading of the thermometer is an activity that is part of the event of the 
experiment. Likewise, the experiment is part of a project about the development of 
new enzymes, and this project, in turn, a part of a company’s ambition to develop 
new products that can increase profi ts, etc. Sites are thus nested. Finally, for an event 
or activity to occur within a site is tantamount to that event or activity being a con-
stituent part of that context. Activities and events are thus both contained in the site, 
but also an integral part of the sites makeup. 

 This site ontology forefronts and gives special attention to human activities and 
social practices by highlighting the teleological and intentional dimensions of activ-
ities. While recognizing that practices are intrinsically interwoven with material 
objects, and that objects in signifi cant ways order, prefi gure, and causally impact 
practices, the ontology is reminiscently humanist. It gives special attention and pri-
ority to human endeavors.  

1   I am quoting Bucciarelli’s and Kuhn’s description of the ‘object worlds’ of engineers not to make 
a general point about concept of ‘object worlds’ in relation to teleoaffective structures, but to 
illustrate the overall teleology and normativity that is installed within engineering practices. 
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     Methodological Pluralism   

 What are the consequences of a practice perspective for engineering studies? It is 
obvious that the practice perspective introduces a new ontology of sites, orderings 
and practices and thereby envisions the research object – engineering – in new 
ways. Engineering is not to be studied as either encompassing structures or indi-
vidual achievements, through the lens of technological determinism or subjective 
voluntarism, or as an act of intellectual or manual work. Instead the practice per-
spective suggests that engineering should be studied as an ongoing practice of day-
by- day skillful and goal oriented social and material reenactments of procedures 
and (codifi ed or tacit) rules. Thus the practice theoretical perspective not only sug-
gests a new ontology, but – by implication – methodological approaches:

  In the end, I believe, one should adopt a neo-Quinian picture of social investigation in 
which (1) ontologies are part of the conceptual armature of social investigation and (2) 
arguments about ontological issues are part of the overall enterprise of social research, 
another part of which is the methodic gathering of data. (Schatzki  2003 , p. 189) 

   Schatzki thus, by alluding to Quine’s doctrine of confi rmation holism (Quine  1961 ), 
suggest that the conceptualization of practice ontologies should be informed by 
methodological considerations and vice versa. Although Schatzki ( 2002 ) through-
out the development of his ontological suggestions gives empirical illustrations, he 
does not develop a methodology. Others within the practice tradition have, however, 
elaborated detailed accounts (e.g. Gherardi  2012 ; Nicolini  2009 ,  2013 ). Nicolini 
seems to agree with Schatzki that methodologies and ontologies are closely inter-
woven and that the researcher in his/her investigations must develop a sensitivity 
and fl exibility to adopt the right tools for the right job. In recognizing the complex-
ity, heterogeneity, and uniqueness of practices and the varying research interests of 
researchers, different methods and approaches must be adopted. In the broad spec-
trum of practice theoretical approaches different research agendas have appeared. In 
the traditions of discourse analysis and conversation analysis special focus has been 
given to the role of language and communication in practices (e.g. Fairclough  1995 ; 
Richards  2001 ), theorist like Orlikowski ( 2000 ) and Activity- Theorist (e.g. 
Engeström  1999 ) have, respectively, paid much attention to the role of technologi-
cal artefacts and the role of tools within practices, Lave and Wenger ( 1991 ) have 
stressed the role of identity and belonging to communities of practice, and ethno-
methodological research (e.g. Garfi nkel  1967 ) has given special attention to the 
minuteness of day-to-day activities as accomplishments of practices. Practice theo-
rists have thus adopted different methods and approaches according to the specifi c 
research interests and the specifi c character of the practices investigated. Nicolini 
( 2013 , p. 213) suggests that the practice theorist adheres to a methodological plural-
ism in research:

  […] I will embrace a […] strategy that can be described as a form of programmatic eclecti-
cism or, more simply, a toolkit approach. My main tenet is that to study practice empirically 
we are better served by a strategy based on deliberate switching between theoretical 
sensitivities. 
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   Just as the study objects of practice theorists – the constituents of practices – are 
situated in and reenacting complex practices, so are the researchers themselves. 
Researchers select their study objects according to specifi c purposes, goals, inter-
ests, perspectives, and motives and their research practices are prefi gured by mate-
rial, technological, institutional, and economical restraints and affordances. The 
character of the theoretical perspective, the chosen nature of interaction and inter-
vention in relation to the objects of study, and the chosen methods of data interpreta-
tion all underlines the performative, partial, and perspectival nature of research. The 
deliberate and refl exive consideration of the choice and use of methods and theories 
can be seen as strengthening validity and transparency in the research process. But 
the practice theorist must insist that there is no one privileged perspective or method 
that can represent the totality or complexities of practices. In understanding the 
character and dynamics of practices, research will always be on its way to fi nd more 
apt and more sensitizing questions and concepts for investigation as well as recon-
sidering the overall usefulness of methods. 

 It must be realized that practices always exist and develop in relation to other and 
wider practices. Practices are nested and bear relational ties of causal, spatial, inten-
tional, restrictive, and affording characters to the arrangements they are part of 
(Schatzki  2002 , 38ff.). To understand these entanglements and relations adequately 
Schatzki proposes ( 2002 , p. 41) that the accounts

  ..…of social relations must satisfy at least two desiderata. First, it must construe relations 
as links among particular entities, as opposed to types of hypostasized abstractions. Second, 
it must cover the full range of connections among components of arrangements through 
which human lives hang together, not just links that join humans directly. 

   These desiderata point to the fact that practices are impacted by and have 
 ramifi cations on events and happenings beyond the practice considered. Schatzki 
thus calls for methods of study that are able to understand the situated and contex-
tual character of the practices. Nicolini suggests a research method that honors 
Schatzki’s requirements. He suggests that the repertoire of practice theories is 
mobilized according to the specifi c character of the research fi eld and the specifi c 
interests of the researcher. This calls for a refl exive, fl exible, and innovative use and 
combination of tools available. He does, however recommend that the research fol-
low a pattern of zooming in and zooming out on the practices under investigation. 
Starting by  zooming in   on the located practice – i.e. the doings and sayings of the 
participants in the practice, describing the temporal fl ow of the practice, accounting 
for the practitioners’ general understandings and horizons – Nicolini argues ( 2009 , 
p. 123) that the researcher can start organizing the ethnographic research process. 
The zooming in should then be followed by a process of zooming out in time and 
space in order to ‘follow the practice’ wherever it has ramifi cations. This process of 
zooming out is motivated by the same reasons George Marcus ( 1998 ) laid down for 
doing multi-sited ethnographies, namely the increasingly dispersed and network 
character of human lives. The  zooming out   is thus laying out the rhizomatic nature 
of practices and describing the texture of connections between practices. The pro-
cess of zooming in and zooming out should be iterated until the researcher feels 
comfortable explaining why the practices are the way they are.  
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    Studying Engineering Practices Through the Practice Lens 

 Feldman and Orlikowski ( 2011 ) point to two advantages in adopting the practice 
lens. Firstly, practice theory does not pretend to produce theoretical generalizations 
and give universal explanations. Instead practice theoretical studies are preoccupied 
with the situated dynamics of practices. “[But a]lthough each context of study is 
different, the dynamics and relations that have been identifi ed and theorized can be 
useful in understanding other contexts. In this way, theoretical generalizations are 
powerful because they travel” (Feldman and Orlikowski  2011 , p. 1249). Secondly, 
Feldman and Orlikowski stress that practice theoretical generalizations can be of 
practical use in identifying organizational levels of change and supporting or 
restricting specifi c microdynamics, e.g. by highlighting the reproductive effects of 
identifi ed practices. 

 Let me try to exemplify the potentiality of the practice perspective vindicated by 
Feldman and Orlikowski by introducing two very different research projects of rel-
evance to engineering studies. Neither of these projects is conducted under the aegis 
of ‘practice theory’ in any strict sense, but they serve to illustrate problematics that 
are both central to engineering studies and that can be framed in terms of practices. 
The fi rst project is the ongoing PROCEED project (Program of Research on 
Opportunities and Challenges in Engineering Education in Denmark) 2  that strives to 
elicit the challenges facing engineering (education) today and analyze the response 
strategies taken towards these challenges. The other one is an experiment with the 
human practices in synthetic biology undertaken by Paul Rabinow and Gaymon 
Bennett (Rabinow and Bennett  2012 ). This project aimed to develop ethical prac-
tices among groups of bio-engineers that did research in synthetic biology. 

    Challenges Facing Engineering Education 

 The literature on the challenges facing engineering is vast. 3  Although most observ-
ers agree that the challenges are many there is no consensus about the nature of the 
challenges. Some observers stress that labor market demands call for engineers to 
be more business oriented and fl exible in order to guarantee employability and com-
petitive advantages on a personal, organizational and national level. Other observers 
call for engineers to recognize their professional responsibility and to conduct their 
engineering professionalism in ways that serves humanity and the environment. 
Still other observers stress that the disintegration and proliferation of technological 
knowledge in modern society calls for a new brand of hybrid engineers that 
can synthesize technical and social elements. Thus, according to the observers, 
engineering education has to change its curriculum and didactical principles to 

2   For more information visit:  http://www.proceed.dk/?languageId=1 
3   The points made in this sections are further developed in Buch ( 2012 ). 
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accommodate the challenges as perceived by the respective observers. The challenges 
are thus construed in an ontology that stipulates them as objective and irredeemable. 
This construal installs a one-way causality that demands certain changes within 
engineering education in order to accommodate the objective challenges facing 
engineering. Reformers thus contemplate how curriculum and didactics should be 
changed in order to educate either more fl exible, more responsible, or more hybrid 
engineers. 

 Now, reframing this problem in the light of the practice lens construes the 
problem in a different way. First of all, the ontological status of the challenges should 
be reconfi gured and situated in relation to specifi cities of the observers’ normativities 
and positions in society. The challenge perceptions should be understood on the basis 
of the interests, privileges, and power relations associated with the observers’ posi-
tions. Furthermore, the manifestations of the challenge perceptions should be studied 
as material-discursive practices – and so should engineering education. Thus, sec-
ondly, the one-way causality between presumed societal, normative, and epistemic 
challenges to engineering on the one hand and engineering reform on the other must 
be questioned. Challenge perceptions (i.e., the initial framing of what engineering is 
and what is wrong with contemporary engineering education) and response strate-
gies (i.e., indications of how engineering education should be reformed) are inti-
mately linked and co-constitutive. It is not possible to establish a ‘view from nowhere’ 
to identify challenges and suggest reform initiatives. The challenges to engineering 
are always perceived from somewhere, e.g. the perspective of commercial enter-
prises, the engineering profession, or academia. Furthermore, these vistas are forma-
tions of enacted material-discursive practices that privilege certain virtues – such as 
e.g. profi t, professional autonomy, or intellectual refl ection. 

 The PROCEED project studies practices in engineering work by ethnographic 
methods that elicit the practical understandings, the rules, the teleoaffective struc-
tures, and the general understandings of the engineering practices. This is  not  done 
in order to establish a ‘more realistic corrective’ to engineering reform initiatives, 
although it does qualify imageries about what engineering work ‘really’ is nowa-
days. Instead, the intention of doing engineering ethnographies – seen from the 
practice theoretical perspective – is to identify dynamics and relations at play in 
engineering practices that can be theoretically generalized. One signifi cant thesis of 
my research is that in order to understand engineering practices adequately the 
specifi c relations between the constitutive relationships of engineering educational 
practices and engineering work practices must be illuminated. My studies in 
engineering work practices indicate that the professional preferences, perspectives, 
and aspirations of engineers signifi cantly points to formative processes, identity 
formations, and socialization processes initiated during engineering education. 
Accordingly, the practice theoretical methodology recommends to ‘follow the prac-
tice’ around – signifi cantly, I would argue, from engineering educational practices 
to engineering work practices. Adopting a practice theoretical perspective in engi-
neering studies thus calls for undertaking more longitudinal studies of transitions 
between engineering education and engineering work. It is vital to understand the 
ramifi cations and dialectical interplay between educational practices and work 
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practices in engineering when educational reform initiatives are discussed. The dis-
cussion gets off on the wrong foot when challenges to engineering work practices 
are reifi ed and engineering education is perceived as an independent variable in 
construing a ‘match’ between demands for engineering competencies and the pro-
duction of engineering capabilities in education. Adopting the practice lens can rec-
tify this defi cient perspective and provide a richer and more dynamic way of framing 
the discussions on reforming engineering education.  

    Designing Engineering Practices 

 Feldman and Orlikowski’s second point has to do with change and how practice 
theoretical studies can contribute to stimulate changes in practices by highlighting 
the micro-dynamics of the practices. It is obvious that the analytic identifi cation of 
dysfunctionalities within practices can provide a good starting point for interven-
tions. The question is whether the practice theoretical approach has potentiality 
beyond the mere analytic identifi cation of micro-dynamic dysfunctionalities. It is 
not possible to settle this question here, but I will point to an interesting research 
project conducted by Rabinow and Bennett ( 2012 ,  2013 ) in synthetic biology. I 
leave it as an open question whether Rabinow and Bennett’s approach describes a 
way forward for practice theoretical interventions. 

 Rabinow and Bennett ( 2012 ) report on an intervention ‘experiment’ they con-
ducted at the Synthetic Biology Engineering Research Center (SynBERC) from 
2006 to 2010. They were invited to participate in a NSF project and develop bioethi-
cal procedures and refl ections for the new research traditions of synthetic biology. 
Instead of framing the task as a question of providing ethical criteria and codas for 
scientifi c conduct, their ambition was to make a design for human practices in 
research processes that could lead to human fl ourishing in the sense of the ancient 
Greek concept of eudaimonia. For reasons we do not have to go into here the project 
failed and the initiative at SynBERC was abandoned, but it is worth considering the 
general idea of an interventionist practice theoretical approach. Rabinow and 
Bennett suggests that this approach should be outlined as an ‘anthropology of the 
contemporary’. Unlike Foucault’s method of ‘a history of the present’ that prob-
lematizes present constellations and practices and demonstrates their inherent con-
tingencies by using archeological and genealogical methods, an ‘anthropology of 
the contemporary’ proceeds through different rationales:

  […] techniques for demonstrating contingency and for opening up possibilities, such as the 
history of the present allows, are not the principal aim and necessity. Rather, analytic modes 
are needed for giving form to under-determined and emergent relations, and for specifying 
the signifi cance of these relations (Rabinow and Bennett  2013 , p. 2). 

   Rabinow and Bennett suggest that research engineers and anthropologists join up in 
collaborative practices in order to refl ect on possible blockages and opportunities 
in research. The common task at hand is thus to reframe the blockages and opportunities 
in new ways that opens for new solution spaces. When the anthropologist enters a 
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practice and engages in collaborative refl ections with the practitioner, new avenues 
of actions are made available for enactment. Thus Rabinow and Bennett suggest a 
new research agenda where anthropologists and other social scientists concerned 
with the study of human practices join up with researchers in the natural and techni-
cal sciences as co-researchers in order to incorporate ethical refl ections in the 
unfolding research process. This practice theoretical proposal indicates a shift from 
downstream to upstream or midstream research where the role of social scientists 
are changed and the performativity of the research enhanced. I will refrain from 
discussing the viability of Rabinow and Bennett’s proposal. But the example helps 
to illustrate the performative potentialities of practice theoretical approaches.   

    Conclusion 

 Engineering studies is a relatively new research fi eld. Although there is a rich lit-
erature on engineering work and engineering education, it is only recently that 
efforts have been made to establish engineering studies as a research fi eld in its 
own right with scientifi c journals, conferences, etc. In this chapter I have suggested 
that the practice theoretical research approach could serve as an impetus for engi-
neering studies. Although it must be recognized that practice theory is not a mono-
lithic theory or a unifi ed methodology I have argued that it has potentials that can 
support and propel engineering studies. By stressing that the phenomenon of ‘engi-
neering’ should be conceived as enactments of practices of skillful work, routines, 
rules, rituals, and procedures, and by paying attention to the normativities of these 
practices, the complexities and dynamics of engineering can be studied without 
resorting to reifi ed conceptions. Likewise, practice theoretical efforts to avoid 
dichotomies can help understand engineering practice as an embodied activity that 
unfolds in materially situated contexts. I have proposed that Schatzki’s outline of a 
site-ontology could serve as a useful conceptualization of ‘context’ in engineering 
studies and thus guide investigations in paying attention to how practices are nor-
matively ordered according to the general and practical understandings, rules, and 
teleoaffective structures. Further, I have argued that engineering studies could ben-
efi t from the methodological resources of practice theories. Here I suggest that 
engineering studies employ the plurality of methods made available by practice 
theories in accordance with the specifi cities of the particular site of study and the 
perspective of the researcher. Finally, I have exemplifi ed how the adoption of a 
practice perspective in research could suggest new avenues for structuring engi-
neering studies that have ‘practical’ implications. All in all, I have made an argu-
ment for engineering studies to consider adopting the practice theoretical lens in 
developing the research fi eld and for developing an adequate conception of context 
to understand engineering practice. 

 In closing this chapter I would like to point to the critical potentials of practice 
theory. Charles Taylor has discussed the development of the practice theoretical per-
spective through the work of Heidegger and Wittgenstein (Taylor  1995 ). His discus-
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sion shows that Heidegger’s account of the ‘fi nitude’ of human existence (Dasein) 
and Wittgeinstein’s account of ‘meaning’ as an unfolding ‘form of life’ (Lebensform) 
both aim to contextualize human understanding in relational and situated ways. 
Taylor sees Heidegger’s and Wittgenstein’s accounts as signifi cantly counter-cultural 
and critical in the sense that they oppose the western cultural ideals of human intel-
ligibility as disengaged and atomistic. Heidegger and Wittgenstein thus confronted 
the western intellectual legacy by criticizing the mentalist, rationalistic, individualis-
tic, and disengaged ideals and conceptions that have informed science and technology 
in our culture. In drawing upon the insights of Heidegger and Wittgenstein, practice 
theory thereby installs a fundamental critique of the ontological and epistemological 
foundation of prevailing western scientifi c and technological enterprise. I think the 
critical perspective of practice theory would be an appropriate stance in the study of 
engineering practice and expert cultures – although, judged by the standards of the 
fi eld under study, properly a rather awkward one.     
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    Chapter 8   
 Design Methodology and Engineering 
Design

  From Technical Problem Solving to Social Exploration 

             Pieter     E.     Vermaas      

    Abstract     In this chapter I conceptually characterize the development of design 
methodology and analyze the changes this development has induced in the role 
engineers play in design. First, three successive types of design methods are 
described, from traditional engineering methods to current design thinking meth-
ods. Second, I show that this succession of methods has shifted the role of designing 
engineers from that of an assistant supplying technical solutions to customers, to an 
autonomous role of exploring and addressing user and societal needs independently 
of customers. I argue that these changes in their role may give engineers a more 
independent position and a broader grasp of design practices. Yet engineers also 
have to share this position with designers from disciplines other than engineering, 
and engineers may even lose their new role. According to current design methods, 
innovative design involves more than applying technology to address needs. Hence, 
if engineering remains to be seen as the discipline that provides technology, design 
becomes a discipline different to engineering. Engineers will in that case be forced 
back into their assistant role and become suppliers of technical solutions to other 
designers.  
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        Introduction 

 When design methodology is regarded as being indicative of practice, it can be 
argued that the role of engineers in design has been broadening from the technical 
solving of problems to realizing goals, needs, and problems of customers, users, 
companies and society. According to the design methods of the second half of the 
twentieth century, engineering design is primarily about describing material prod-
ucts that solve problems as defi ned by customers. These methods were later supple-
mented with ones by which engineers can reformulate the problems presented by 
their customers and can improve the described products to better suit the envisaged 
users. Finally, at the beginning of the twenty-fi rst century, methods of innovative 
design thinking were introduced, by which designers themselves can determine and 
propose the problems to be solved. 

 This development in design methodology suggests that engineering is broaden-
ing from a discipline that creates and applies technology in order to solve problems 
to a discipline in which people and society are probed to identify and address a 
variety of challenges, ranging from commercial innovations that are market ‘game 
changers’ to products that meet people’s needs and resolve enduring societal and 
environmental issues. Moreover, this development may more effectively integrate 
engineering and its practices into society and give engineers a broader task and 
responsibility in design. Paradoxically it may, however, not be the discipline of 
engineering that will reap these benefi ts. The novel methods of design thinking in 
particular distance themselves from engineering practices. In these methods tech-
nology is seen as just one of the different sources for innovation, with a distinction 
introduced between the role of the design thinker and the role of the supplier of 
technology. From a conceptual point of view this split in roles leads to a choice in 
specifying what is meant by engineering design given the reported development: 
will engineering design be defi ned in the future as a practice aimed at supplying 
technical solutions, or will it be more broadly taken as the general practice of solv-
ing problems? From a sociological point of view the split is more involved, and 
refl ects a struggle between groups about their disciplinary identities and the differ-
ences between these identities. 

 In this chapter, I start by giving a conceptual characterization of the development 
in design methodology in the last fi ve decades in Section “Developments in Design 
Methodology”. In Section “The Changing Role of Designing Engineers”, I consider 
how this development has changed the role of engineers in design, and argue that 
this role can evolve into a broader role of realizing user and societal needs, or into a 
limited role of supplying technology.  

    Developments in Design Methodology 

 Design researchers may present their domain simultaneously in a broad and specifi c 
manner. They may introduce design as a broad and everyday practice, referring 
sometimes to Herbert Simon’s ( 1996 , p. 111) characterization that “everyone 
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designs who devises courses of action aimed at changing existing situations into 
preferred ones” (Cross  2000 ; Lawson and Dorst  2009 ). In a second step design 
researchers may, however, limit design to more specifi c practices, by referring to 
what professional designers actually do (Lawson and Dorst  2009 ) or by defi ning 
design as the description of products that solve design problems (Cross  2000 ). Or 
design researchers may more swiftly introduce this more limited conception by tak-
ing design as the development and documentation of products for fulfi lling per-
ceived needs (Blessing and Chakrabarti  2009 ), or as the development of plans for 
the creation of products to assist users in attaining goals (Dorst and Van Overveld 
 2009 ). 

 The broad and limited conceptions of design in design methodology may be 
reconciled by relating them. The description of products may be regarded as a prac-
tice that is subsidiary to devising courses of action, turning design into a two-tiered 
practice: fi rst it is determined by what actions users can take to achieve a particular 
goal, and second the material products used in these actions are described insofar as 
these products are not readily available to users (Hubka and Eder  1988 ; Houkes and 
Vermaas  2010 ). This reconciliation may be conceptually pleasing by capturing that 
design nowadays consists of different types of practices, and by pulling in practices 
that are traditionally not seen as design. The limited conception of design has indeed 
ceased to be apt, since the concept of a product has expanded over the years 
(Buchanan  2009 ) and may now refer to material products as well as processes, ser-
vices, innovation strategies and planned actions. And consultancy, taken as a prac-
tice of recommending actions to achieve defi ned goals with existing means, is then 
also to be understood as design. Yet the limited conception of design still dominates 
design methodology and has its roots in earlier work in methodology for engineer-
ing design. Hence, in order to conceptually understand the development of design in 
design methodology, and the role of engineers therein, the starting point is this 
limited conception of design. 

 According to the earlier engineering design  methods   of the second half of the 
twentieth century (e.g., VDI  1993 ; Pahl et al.  2007 ), design is defi ned as fi nding a 
technical solution to a  design   problem. That problem is formulated as a set of physi-
cal, technical, and fi nancial requirements that have to be met, and the solution is 
typically a description of a material product. The problem is fi xed, and the source of 
the problem – goals or needs of agents, or ideas for products and services within 
commercial companies – is considered to be a matter of the customer ordering the 
design, and a matter that lies outside the realm of engineering design. In Fig.  8.1  this 
traditional understanding of engineering design is depicted schematically as a 
practice – the solid box in the fi gure – with a problem formulated by a customer as 
input, and a product that solves the problem as output. Engineering design itself, 
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i.e.,  fi nding the description of the product that solves the problem, is typically 
divided into different phases, such as conceptual design, embodiment design, and 
detailed design. And engineering design may involve different iterative steps 
between these phases, meaning that the fi ndings of a later phase may provide infor-
mation that brings the design process back to reconsidering the decisions made in 
an earlier phase. Yet, in traditional engineering design such iteration or reverse feed-
back generally does not take place from the practice of use to the description of the 
product, or from the description of the product to the formulation of the customer’s 
problem. This ‘uni-directionality’ in traditional engineering design limits the scope 
of engineering design to solving by technical means a given problem in terms of a 
material product. 1   

 The scope of engineering design broadened with the methodological analysis of 
design by Donald  Schön   ( 1983 ). Although this work originated in part in architec-
ture, engineering design also came to be seen as a practice in which the formulation 
of the design problem is to be analyzed and, if necessary, changed. A designer 
explores the problem and this exploration may yield reasons to   reframe     the   prob-
lem. Designing starts with an initial interpretation of the problem and an initial 
solution or solution direction for fi nding a product that might solve it. The explora-
tion of this solution direction provides the designer with new insights about the 
problem and these insights enable the designer to change and improve on the initial 
interpretation of the problem, thus allowing the designer to choose and explore 
alternative solutions or solution directions. This reframing of the problem can be 
seen as a characteristic that sets design apart from regular problem solving in, for 
example, science and mathematics. Moreover, reframing is sometimes even regarded 
as necessary in design. Scientifi c or mathematical problems are said to be well- 
structured by providing in the way in which they are formulated information and 
success criteria about the kind of solution that is required. Formulations of design 
problems may in contrast be  ill-structured  (Simon  1984 ),  wicked  (Rittel and Webber 
 1984 ) or  paradoxical  (Dorst  2006 ). Hence, in design it is sometimes necessary to 
transform the original formulation of the problem or to transform the design prob-
lem itself, in order to make it solvable. 

 This possibility of reframing led to design becoming methodologically seen as a 
practice in which the problem may evolve with the search for its solutions, and 
which ends when a satisfactory pair is found consisting of a reformulated design 
problem and a solution to it (Dorst and Cross  2001 ; Cross  2006 ). Figure  8.2  repre-
sents this new way of understanding engineering design, in which design – the two 
solid boxes in the fi gure – now concerns the problem formulation  and  the descrip-
tion of the product that solves the problem thus formulated. And since fi nding that 
description may reframe the problem formulation, there is now a reverse feedback 

1   Let me acknowledge that this characterization of traditional engineering design is somewhat sim-
plifying matters. Design methodologists associated with the traditional understanding do recog-
nize that engineering design is embedded in specifi c contexts and that engineering designers 
should mind the goals of their customers and be aware that much designing is instrumental to 
economic activities of companies (e.g., Roozenburg and Eekels  1995 ). 
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from product description to problem formulation, depicted in Fig.  8.2  by a two- 
sided arrow between these two activities.  

 This broadening in the characterization of design practices may be seen as a 
result of what design researchers call the descriptive phase in their fi eld. In this 
phase design practices were being analyzed empirically rather than prescribed theo-
retically, and this analysis revealed that designers may change design problems. 
Similarly research in design started to focus on use, but now for more normative 
purposes of correcting design practices and the products they produce. This user- 
centered phase (see e.g., Koskinen et al.  2011 , pp. 15–22) introduced research on 
usability and intelligibility of products and their interfaces for users, and added 
ergonomics and ethnography as design tools to understand users and their interac-
tions with products in their daily life context. This user-centeredness corrected a 
neglect of user concerns in design, and created a reverse feedback between the 
design practice of describing products and the actual use of the products, depicted 
in Fig.  8.2  by a second two-sided arrow between these activities, and consisting of 
checks by designers to determine whether their product solutions actually achieve 
the goals for which they are designed. 

 Reframing design problems and the inclusion of feedback from users are now 
standard elements of design practices. Hence, designers, including engineering 
designers, no longer merely play an assisting role toward the customers for whom 
they design, but also a role of correcting customers. Moreover, the ability to explore 
and understand how users respond to products gave designers the means to design 
products more autonomously from customers, further broadening the scope of 
design and enabling a second development in design methodology. Novel design 
methods emerged by which designers can themselves determine the needs they aim 
to meet.     This broadening of the scope of design may have its roots in the back end 
of product use, yet implies that designers appropriate the very front end of design by 
themselves formulating the needs that are to be designed for (Fig.  8.3 ).  

 This inclusion of the formulation of the needs in design practice can take differ-
ent forms and creates a spectrum of design practices. At one end of the spectrum 
designers cash out their autonomy by choosing not to take up the problems defi ned 
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by (commercial) customers like companies, but by letting the needs of users drive 
 design.   Non-designers representing prospective users may, for instance, be 
 introduced in design practices, as is done in methods of participatory design (see 
e.g., Sanders and Stappers  2008 ). These non-designers bring in the needs of users 
and the conditions under which the resulting products are usable and intelligible for 
users, leaving designers with the intermediate role of making their skills and knowl-
edge available to describe these products. At the other end of the spectrum the 
autonomy of designers is leading to a far more dominating and determinative role. 
Design is then driven by the designers themselves, who identify latent needs of 
users or propose altogether new needs to users.    This designer-driven approach is 
taken particularly in the   design thinking  methods   of the early twenty-fi rst century. 
In this approach, average users are regarded as conservative, and market research on 
what such users want as leading to only incremental improvements in existing prod-
ucts. Designers use their acquired autonomy to break away from such incremental 
design, and aim at innovative design that is to result in products that are commercial 
or sociocultural ‘game changers’. Designers do so by focusing their explorations on 
 non -average users, such as ‘future-focused persona’ and ‘cultural innovators’ who 
hold the values and beliefs of the next area (Gardien  2006 ), or ‘extreme’ users such 
as novice or expert users who have unorthodox relationships with products (Brown 
 2009 ). And designers should engage with ‘key interpreters’ in society who explore 
changes in the context of users and in the meaning products have for these users 
(Verganti  2009 ). Design then becomes driven by designers who  propose  products to 
users on the basis of the designers’ own insights and explorations with (non- average) 
users. Steve  Jobs   and his successes are often mentioned to illustrate this new role of 
designers, and the designers’ autonomy is justifi ed by Jobs’ quote that “[a] lot of 
times, people don’t know what they want until you show it to them” (Young and 
Simon  2005 , p. 262). 

 The spectrum of current design practices is richer than the two extremes of user- 
driven participatory design and designer-driven propositional design. In other 
design methods, sometimes also presented under the label of design thinking (e.g., 
Brown  2009 ; Plattner et al.  2009 ; D.School  2011 ), designers actively research users 
in their daily context to determine user needs or to better articulate these needs, 
meaning that these users, including the average ones, remain central in design. 
Designers, for instance, place themselves in the position of users and attempt to 
identify and understand the experiences users have or will have with products in 
daily life. Designers show  empathy  with users, and carry out ethnographic studies.     
Designers then develop products to meet the needs and problems of users thus iden-
tifi ed, and, moreover, use prototypes and mock-ups to check whether the envisaged 
products indeed help users (e.g., Koskinen et al.  2011 ). Designers may in this way 
be said to be guiding design by using their autonomy for arriving at product solu-
tions, innovative or not, that are better fi tting users. Designers still take their own 
responsibility to determine users’ needs and problems for them, how these needs 
and problems can be addressed, and what impact products have for users in the long 
run. Hence, designer-guided empathic design also has a clear propositional fl avor 
(e.g., Hekkert and van Dijk  2011 ) as compared to participatory design, yet it 
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contrasts to the extreme of designer-driven propositional design by keeping (average) 
users in focus. 

 The autonomy of designers has also enabled the emergence of design practices 
aimed at meeting needs different to those typically considered in engineering 
design. It has made possible social design for the needs of people in developing 
countries, for societal needs, and for environmental issues, leading to an even richer 
spectrum of design practices. These practices can be found within user-driven, 
designer-guided and designer-driven design, and may have their separate design 
methods. The further distinctions in engineering design that can be made with these 
methods will not be considered in this chapter, although they have arguably led to 
further independence of designers, specifi cally from commercial customers such as 
companies.  

    The Changing Role of Designing Engineers 

 The development of engineering design as sketched in the previous section and the 
resulting changes in the role of engineers in design may be captured conceptually 
by two shifts. First, in moving from traditional engineering design to reframing 
(from I to II in Fig.  8.4 ), design has shifted from a practice in which engineers assist 
customers, to a practice in which engineers can correct customers with respect to 
the formulation of design problems and allowing the designed products to more 
closely fi t user concerns. Second, in moving from engineering design with refram-
ing to current practices (from II to III in Fig.  8.4 ), design has shifted to a practice in 
which designers can, autonomously from customers and with a focus on usability, 
defi ne the needs and problems for which they design.  

 This development of the role of engineers in design has given them a more 
 independent position specifi cally from customers, and a broader grasp on design 
practices. It has to be acknowledged that much of engineering design is still done 
for or within commercial companies, actually keeping many designing engineers in 
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their traditional assisting role of providing technical solutions to problems as defi ned 
by these companies and their managers. On a pessimistic reading of this situation, 
designing engineers may therefore still be seen as serving the decisions and values 
of companies and managers (e.g., Goldman  1984 ), but now in a way by which the 
resulting products are made more acceptable to users. Yet the development also 
means that designing engineers have an increased contribution to and responsibility 
for these products. On a more optimistic reading, designing engineers can now 
become involved in companies’ exploration and development of new product ideas, 
thus taking over some of the tasks and responsibilities of their managers rather than 
serving them. 2  Moreover, engineers can start doing design outside the immediate 
context of commercial companies, for users, for developing countries, for society or 
for the environment. These new possibilities beyond traditional engineering design 
give designing engineers a role more connected with the needs and values of people 
and society; this means that engineers can combine their technological skills with 
social  exploration   through interactions with users and society, including the average 
and ‘extreme’ users, the ‘future-focused persona’, ‘cultural innovators’, and societal 
‘key interpreters’. 

 The new possibilities for engineers in design do not result in a role by which 
engineers gain full control over their technological skills in the sense of becoming 
the (sole) agents who fi x design problems that are to be solved technically, and the 
(sole) agents who determine which solutions are to be adopted (Downey  2005 ). As 
sketched above, current design methods locate designing engineers in webs of 
interactions with agents within society, and these interactions result in design prob-
lems and the products that solve them being co-determined by the agents in soci-
ety. Moreover, some current design methods (e.g., Plattner et al.  2009 ; D.School 
 2011 ) explicitly endorse design being carried out by multidisciplinary teams in 
which engineering is just one of the several disciplines involved. The argument for 
this multidisciplinarity is that designers on a team who originate from a single 
discipline will approach customer needs and their solutions by the received and 
standard ways of thinking within that single discipline, leading to incremental 
improvements in products. Conversely, in multidisciplinary teams, members can-
not simply opt for such a received approach from a single discipline, but force each 
other to arrive at new perspectives and solutions to customer needs, thus leading to 
innovation. This propagated multidisciplinarity goes beyond the multidisciplinar-
ity in design as analyzed by Louis Bucciarelli ( 1994 ); it is not just different engi-
neering disciplines that have to collaborate in design. Finally, in other current 
design methods (e.g., Verganti  2009 ), a focus on technology in design is seen as 
limiting the potential of innovation through design by missing opportunities to fi nd 
new potential product meanings for users. 

2   It may be argued that since engineers can themselves be managers in commercial companies, 
engineers were already earlier involved in the exploration and development of new product ideas. 
More precisely, the point made here is that nowadays designing engineers are also increasingly 
becoming part of this exploration and development (private communication with Byron Newberry). 
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 Due to the development of design methodology, engineers are thus nowadays 
sharing the control over design with other agents by collaborating with those agents 
in formulating needs and design problems, and in fi nding their solutions. In fact, in 
current methods the agents involved in design practices are not called engineers but 
have labels like ‘product designer’, ‘industrial designer’, or simply ‘designer’. 
Engineering is no longer the only discipline involved in current design, and may in 
a grimmer scenario actually end up being confi ned to only particular parts of design. 

 To illustrate this possible fate of engineers one can consider the methodological 
description of innovation through design in commercial companies as proposed by 
Paul Gardien ( 2006 ). According to this description, which is based on experiences 
at Philips Design, innovation through design in companies can be organized by 
nine phases ordered in a matrix, see Fig.  8.5 .     This matrix ordering expresses that 
innovation through design typically does not follow a single linear series of design 
phases; particular innovative design efforts can take any path made up of (adjacent) 
phases in the matrix. With this methodological description of innovation through 
design it can now be made plausible that engineers need not be involved in each of 
its different phases.  

 The matrix for innovation through design superimposes two models of innova-
tion. The fi rst model advances that companies operate with three innovation hori-
zons simultaneously (Baghai et al.  2000 ): companies are extending and defending 
their core business (a short perspective  horizon 1 ); companies are developing new 
business (a longer perspective  horizon 2 ); and companies are creating viable options 
for new business (the longest perspective  horizon 3 ). The second model breaks up 
innovation up into three steps (Lanning and Michaels  2000 ): companies are identi-
fying values for customers; companies are developing these values; and companies 
are communicating the developed values to customers. Each pair made up of one 
innovation horizon and one value-process step defi nes a cell in the matrix, and each 
of these cells corresponds with a possible phase in innovation through design. For 
instance: the matrix cell in row 2 and column 3 corresponds with the improvement 
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of existing products for current users; the cell in row 2, column 2 corresponds with 
an innovative design project aimed at fi nding new products for future users; and the 
cell in row 1, column 2 corresponds with building an emerging business and com-
municating the associated values to customers, which is often done in the car indus-
try when concept cars are created. It may be safely assumed that engineers are 
involved in each of these three possible phases in innovation through design, for 
instance because the design practices suitable for these phases resemble traditional 
engineering design or engineering design with reframing. Yet the matrix also defi nes 
phases which are less about the application of technology and more about sociologi-
cal research, marketing research, cultural exploration and communication. For 
instance, technical skills are less relevant for spotting social cultural trends (repre-
sented by the cell in row 3, column 1) or exploring how users or society respond to 
design probes (the cell in row 2, column 1; probes are concept products meant to 
initiate and collect responses by users to possible new types of products (e.g., 
Koskinen et al.  2011 )). So, if engineering design remains a discipline primarily 
associated with technology, these phases of innovation through design can be car-
ried out without engineers. 

 Ultimately, the possibility that the role of engineers in current design practices 
will again become limited to only particular parts of design is, from a conceptual 
point of view, just a defi nition issue. One may associate engineering with technol-
ogy, and then some of the agents participating in contemporary design are being 
labeled engineers while others are not. Or one may broaden the meaning of engi-
neering, and call all agents involved in current design practices engineers. In either 
case the current design practices are just what they are: agents collaborating in 
exploring problems and fi nding solutions. Still, when engineering indeed remains 
primarily associated with technology, only the agents who contribute technical 
knowledge and expertise are regarded as engineers. Engineers then still participate 
in design, but design tasks such as the formulation of needs and problems are in this 
case carried out by other designing agents, pushing those agents called engineers 
back into the traditional engineering role of fi nding technical solutions to problems 
defi ned by others. Hence, if engineering remains primarily associated with technol-
ogy, there will be another shift (from III to IV in Fig.  8.4 ) by which engineers again 
assume the limited role in design of assisting others, as given in Fig.  8.6 . Yet if the 
understanding of engineering evolves in pace with design methods, such that the 
meaning of engineering broadens to societal exploration, the agents that carry out 
current design practices can all be called engineers. In the latter case engineers will 
indeed be given the role of fi nding the needs and problems for which they provide 
technical solutions, as in Fig.  8.3 .  

need
formulation

problem
formulation

product
solution

product
use

  Fig. 8.6    A possible limited future of engineering design in autonomous design ( the solid box )       
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 There is no principled reason to assume that engineering has to continue to be 
associated with only the application of technology. The autonomous designer-driven 
practices associated with Steve Jobs resemble the designer-driven practices by 
Henry Ford,     as the abovementioned quote by Jobs resembles Ford’s famous claim 
that if he “had asked people what they wanted, they would have said faster horses.” 
Hence, if Ford can be called an engineer, so can Jobs and many others involved in 
contemporary design. However, how engineering will become to be recognized in 
the near future is not simply a conceptual matter. Sociological mechanisms and 
practical issues may be more decisive. To establish a broader understanding of engi-
neering, the current engineering community has to be capable and willing to accom-
modate the consequences of the associated change in their role, and be able to adjust 
the educational curricula in engineering accordingly (see, e.g., Williams  2003 ). And 
other groups of agents involved in designing must in turn be willing to be called 
engineers, even if their role consists of providing knowledge and skills other than 
technical expertise. The mechanisms that determine this willingness are beyond the 
realm of conceptual analysis of design methodology, yet are hopefully in the focus 
of other chapters of this volume.  

    Conclusions 

 In this chapter I conceptually characterized the development of design methodology 
in the last fi ve decades and considered the changes this development has induced in 
the role of engineers in design. According to traditional design methods, engineers 
assist customers by providing technical solutions to the problems defi ned by cus-
tomers. According to later design methods, engineers can correct the customers’ 
formulation of design problems and can let the designed products to better fi t user 
concerns. According to current design thinking methods, designers can defi ne the 
needs and problems for which they design autonomously from customers. This 
development in design methodology has caused the role of engineers in design to 
shift from that of an assistant of supplying technical solutions to a corrective role of 
reframing customers’ problems, and fi nally to an autonomous role of exploring and 
addressing user and societal needs independently of customers. 

 It was argued that this development of the role of engineers may give them a 
more independent position and a broader grasp of design practices, yet engineers 
have to share this position, and can even lose it if engineering remains associated 
with providing technology. Much contemporary engineering design still takes place 
in commercial settings of companies, keeping many engineers in their traditional 
role of assisting by providing technical solutions in design. Moreover, according to 
current design methods, designing engineers have to interact with agents within 
society in the exploration of user and societal needs, and collaborate in design prac-
tices with designers originating from disciplines other than engineering. Finally, 
innovative design practices involve more than applying technology for addressing 
user and societal needs. Hence, if engineering continues to be seen as the discipline 
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that provides technology, design becomes a discipline different to engineering, and 
engineers will again be forced back into their assistant role by becoming suppliers 
of technical solutions to other designers.     
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Chapter 9
The Epistemological Basis of Engineering, 
and Its Reflection in the Modern Engineering 
Curriculum

William Grimson and Mike Murphy

Abstract Perhaps unlike other professions, engineering is strangely difficult to 
define or describe. This is nowhere as evident as when an attempt is made to articu-
late its epistemological basis. Engineering has a rich and complex ‘gene pool’ which 
goes back to when people first built shelters and shaped implements for agricultural 
purposes. Throughout the ages one constant characteristic of engineering has been 
its readiness to avail of whatever material is on hand together with whatever knowl-
edge or skill is available to meet the challenge of enhancing an object or making 
something which never previously existed. On occasion engineers have created new 
knowledge but for the most part they have been users of knowledge: borrowing 
from nature, science, mathematics, arts in order to meet their requirements to solve 
specific problems. The art of engineering is in the appropriate selection of knowl-
edge coupled with an ability to use that knowledge in achieving an objective. A 
three-layer model is proposed to describe the epistemological basis of engineering. 
This layer consists of a foundational layer containing subject material such as math-
ematics and science, above which is a middle-layer largely populated by domain 
knowledge associated with engineering program learning outcomes, and with the 
final top layer acting as a capstone and expressed in terms of professional 
competences.
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 Introduction

The ideal engineer is a composite … He is not a scientist, he is not a mathematician, he is
not a sociologist or a writer; but he may use the knowledge and techniques of any or all of 
these disciplines in solving engineering problems. (N.W. Dougherty)

Engineering is not merely knowing and being knowledgeable, like a walking encyclopedia; 
engineering is not merely analysis; engineering is not merely the possession of the capacity 
to get elegant solutions to non-existent engineering problems; engineering is practicing the 
art of the organized forcing of technological change… Engineers operate at the interface 
between science and society… (Dean Gordon Brown)

These two quotations point to the character of engineering that makes it so dif-
ficult to draw boundaries around both its fundamental nature and, as a consequence, 
its epistemological foundations. On the one hand engineering uses whatever knowl-
edge is relevant, whatever its origin, to address a particular challenge. In that sense 
the totality of available knowledge (the body of knowledge) is in principle the epis-
temological basis of engineering. On the other hand that body of knowledge by 
virtue of its sheer extent is unknowable to or by the individual engineer. Described 
another way, if the duration of engineering degree programs matched the general 
explosion in technical knowledge over the last 50 years then the educational forma-
tion of engineers would far exceed the standard 4 or 5 years that is the norm. This 
means that an approach, other than a direct one, has to be adopted by engineers if a 
practical way of dealing with knowledge is to be realized within the practice of 
engineering. That in turns means choices have to be made constrained by limited 
resources – an intrinsically engineering activity – concerning what might be termed 
the epistemological problem in engineering.

Regarding engineers ‘operating at the interface between science and society’ this
is now of growing importance when one considers problems of supplying clean 
water or the linked challenge associated with climate change and the generation of 
energy to meet the demands of an ever expanding population. Whilst the knowledge 
associated with these complex societal issues is very different in nature to purely 
technical issues it is not of less importance. Further the responsibility, and that is 
what it is, to be able to enter into meaningful dialogue with society on technological 
change is not just a communications challenge but is itself an epistemological chal-
lenge bearing in mind the likely knowledge mismatch between the participants in any 
discussion. Providing society with an inadequate explanation of what is involved in 
technological change or indulging in an exercise of ‘dumbing down’ can only result 
ultimately in a loss of trust: and trust once lost is hard to re-gain. Hence there is a
clear responsibility on engineers to meaningfully and accurately account for their 
understanding of the underlying knowledge and its related consequences involved in 
whatever technological-based discussion is taking place with and within society.

Formal engineering education has gone through a number of evolutions by which 
a craft based approach was in turn replaced by an empirical practice-based one, 
leading on first to the engineering science model and then followed by a systems 
oriented one. Further, as engineering split into a multiple of sub-disciplines from the 
initial mechanical, civil and electrical ones, to the wide range now in evidence 
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across the world, each new area by choice or necessity adopted the style of  education 
that seemed best to suit its needs. And all this is reflected in the range of approaches 
taken to the ‘epistemological problem’ – there being more relevant knowledge than 
can be absorbed. (See for example Bucciarelli et al. 2009, p. 105)

In a paper presented at the Royal Academy of Engineering Antonio Dias de
Figueirdo proposed a decomposition of the epistemology of engineering into four 
categories as follows: Engineering as Basic Science; Engineering as Social and 
Business Activity; Engineering as Design; and Engineering as Doing. With respect 
to the Basic Science the key features being its application to engineering, rigour, 
logistics, analysis, research and discovery. For Social and Business Activity the 
author identifies as key aspects socio-economic realities, social complexity, social 
and economic value, and satisfaction for end-users. As regards Engineering as 
Design the features noted include systems thinking, context, integrated representa-
tion, compromise, alternatives, incomplete knowledge, and non-scientific modes of 
thinking. Finally Engineering as Doing which concerns essentially the art of getting 
things done, overcoming barriers, the need for flexibility and adaptation. Without 
doubt this all points to the need to consider a complex concoction of knowledge 
elements with little in the way of a priori guidance as to how the bits fit together into 
a model. Custom and practice however has allowed some models to evolve and even
if no claim can be made as to any deep philosophical justification at least experience 
has shown what is practicable from the perspective of educating engineers (de 
Figueiredo 2008).

Some other aspects of knowledge need to recognized if proper use, as would be 
the intention in engineering, of the application of specific bodies of knowledge. 
First, the range and extent of the applicability of such knowledge. Second, the prov-
enance of the knowledge. This is especially the case concerning the widespread use 
of the web (Fox and Huang 2003). Third, how the knowledge is coded or repre-
sented, stored, transmitted, maintained and updated. This last feature is relevant to 
knowledge that encapsulates design methods, for example, where experience of its 
use inevitably leads to an updating of knowledge. Lastly, and not unique to engi-
neering, there is the matter of secrecy or privacy where knowledge is withheld from 
a general audience either for commercial or strategic purposes and which at the very 
least raise ethical issues.

This chapter presents the knowledge relevant to engineering in the form of a 
three-layer model. The bottom or foundational layer represents fundamental knowl-
edge, both rational and empirical, and which is commonly encountered through 
senior second-level and undergraduate years. The middle layer, building on the 
foundational layer represents the knowledge associated with the learning outcomes 
that students are expected master in their primary engineering degree program (i.e., 
domain knowledge). The final and top layer represents knowledge related to the 
competences that a practicing engineer should have achieved in order to be eligible 
to become the holder of the title Chartered Engineer or Professional Engineer. It
should be said here that the proposed 3-layer model is representative of the episte-
mological basis found generally in English-speaking countries (e.g., United 
Kingdom, Ireland, Canada, United States). In many other countries this system of
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becoming a chartered or professional engineer does not exist. In these countries the 
formal training of engineers generally ends with the completion of a second cycle 
engineering degree at Master’s level. Figure 9.1 shows these layers as a pyramid of 
engineering knowledge.

 Foundation Layer

Most educational models that reflect the various branches of knowledge found in 
engineering include the following subjects:

Mathematics
Science
Computer Science

Arts & Craft Practice
Engineering ‘know-how’ (e.g. design methodology)
Business & Economics
History of Science, Engineering and Technology
Ethics

As the opening remarks to this chapter imply, the list could easily be expanded, 
for example to include languages, communications (in the sense of written and oral 
interactions) and critical thinking, to name just three topics. Depending on how one 
views engineering, the selection of subjects together with their associated knowledge 
base will vary. So in one sense there is not a unique epistemological foundational 
basis for engineering unlike, say, mathematics. But it would be wrong to say there are 
numerous and widely diverse bases: rather a more ‘correct’ model is one of a fuzzy 
superset. Equally well a mélange might be considered an appropriate description.

We will return later to the mélange and examine how the design of an engineer-
ing curriculum is approached but first a few thoughts on the subjects listed above. 
First, the model is not simple because of multiple dependencies and linkages. For 

Knowledge about
knowledge

Foundation knowledge, e.g. mathematics

Engineering domain knowledge, e.g.
analysis and design methods

Fig. 9.1 Pyramid of engineering knowledge
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example to understand some parts of physics requires specific elements of 
 mathematics. For example, vector calculus is necessary to understand the meaning 
of Maxwell’s equations in an electrical engineering program. Likewise, elements of
a business course will rely on an understanding and use of statistical analysis. Ethics 
taught to engineers without context would be sterile but fortunately relevant cases 
abound in the history of science, engineering and technology. Given the relentless 
pressure to cram more subjects into already crowded curricula, advantage is often 
taken of this interconnectivity. Thus some subjects can be taught as embedded top-
ics within another subject.

The demands made on the use of mathematics as an analysis tool vary from engi-
neering domain to domain; whilst the modern undergraduate mathematics syllabus 
generally is not that different to that of say 40 years ago. However the methods and
modes of instruction have changed. In terms of foundation knowledge, one of the 
biggest changes in engineering curricula that has occurred is the inclusion of addi-
tional science subjects. From its earliest development, engineering education has 
generally based its foundational knowledge on the physical sciences of physics and 
chemistry, together with mathematics. With the rapid development of engineering 
disciplines such as biomedical engineering, the inclusion of life sciences in the cur-
riculum is compelling.

Computer science was first routinely introduced into engineering programs
about 40 years ago as an analysis tool. Today, application software is an indispen-
sible tool in engineering analysis, design and graphical representation. One of the 
challenges for educators is that over-reliance on software without a proper under-
standing of the underlying processes can lead to undesirable or unexpected out-
comes. Generally the approach adopted is that the engineering student should in 
principle be able to carry out a design without using a software package. This is 
perhaps akin to the merits of a pilot being able to manually fly an airliner as well as 
being confident that the auto-pilot can perform what is required in both routine and 
exceptional circumstances. However, computer systems and applications continue
to become increasingly sophisticated, presenting continued challenges to curricu-
lum designers. In such circumstances where lies the epistemological basis of 
engineering?

Mathias Heymann has written about the competing claims of ‘art’ and science,
mainly in a German context, describing as a pendulum movement how in turn one 
and then the other contributed to engineering design methodology in the period 
1850–2000. In some quarters as an engineering science approach was developed 
there was a tendency to downplay the role of arts and craft practice (Heymann
2009). Apprenticeships which were once a strong feature in engineering education 
in the UK served many purposes but certainly the mentoring role by which new 
recruits served with a ‘master’ to acquire craft skills was of great importance.

Michael Polanyi introduced into philosophy the term tacit knowledge and this 
concept applies to how some elements that are not explicit are an essential part of 
the engineering and engineering craft milieu (Polanyi 1958). Engineering 
 ‘know- how’ is not confined to such tacit knowledge. For example, across many 
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engineering disciplines much of the relevant working knowledge is codified (hence 
explicit) in one form or another often with customized software support. This 
enables both efficiency and the maintenance of minimum standards.

Economics and business are important not only for the sake of understanding 
how business and commerce work on a national and global scale but also because 
engineers are likely to move into senior management positions at a later stage in 
their careers. Younger engineers are also attracted into finance where the coupling 
of mathematics with a judgment of what makes sense (allegedly a characteristic of 
engineers) is a prized asset.

Ethics is given a high relevance amongst undergraduate engineering programmes 
not only by virtue of accreditation criteria but also with those regulating for practic-
ing Professional Engineers or Chartered Engineers and who are members of profes-
sional bodies or institutions with Codes of Ethics.

Finally, history of science, engineering and technology is important, first because 
it helps undergraduate engineers formulate an identity. Because so much of engi-
neering is hidden from view the understanding of what it means to be an engineer 
does not come easily to prospective or junior undergraduate engineers. The situation 
is very different in medicine for example where from an early age either through 
direct personal experience of healthcare systems or exposure to media (TV and 
film) dealing with how doctors and nurses work, children and then teenagers have a 
firm concept of what it means to be a doctor or nurse. That is not to say that medical 
student’s identity is fully formed but it is well in advance of the situation amongst 
first year engineers.

The above overview is not sufficient however to describe engineering and its 
overall knowledge base but it does articulate the elements of the foundations. Put 
another way it is as if an orchestral piece of music work was defined by limiting 
discussion to the characteristics of the various instruments deployed. To an audience 
the music played depends on the selection of instruments used and the skill of the 
players, but above that there is the nature and quality of the music being played. The 
composer set out with an objective in mind and the degree to which that objective is 
judged to have been met is of course always an open question. Engineering has 
similar features in that the engineer’s ‘composition’ might or might not be valued by 
society acting as an ‘audience’.

The next section looks at the role of the material in the foundation layer in con-
tributing to a set of learning outcomes which in turn have an associated engineering 
knowledge identity.

 The Middle Layer of Model: Knowledge Associated 
with Engineering Program Learning Outcomes

A multi-nation European initiative resulted in the establishment of the European 
Network for Accreditation of Engineering Education (ENAEE) which authorizes 
accreditation and quality assurance agencies to award the EUR-ACE® label to
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accredited engineering degree programs. In addition to reviewing both the quality of 
the  teaching facilities and the lecturing staff, importance is put on whether the pro-
gram enables students to achieve a set of outcomes (ENAEE 2013). The six Program 
Outcomes are:

• Knowledge and Understanding;
• Engineering Analysis;
• Engineering Design;
• Investigations;
• Engineering Practice;
• Transferable Skills.

Currently Europe classifies programs as First Cycle, normally of 3 years dura-
tion, and Second Cycle normally together with the First Cycle of 5 years duration.
The First Cycle is in essence a Bachelor program and the Second Cycle a Masters
Program. In some cases the Master component is a 2-year ‘add-on’ to the Bachelor 
program, and in other cases the Master is an ab initio 5-year program. ENAEE 
specifies a range of competences under each of the six learning outcomes as 
follows:

Knowledge and Understanding
First Cycle graduates should have:

• knowledge and understanding of the scientific and mathematical principles 
underlying their branch of engineering;

• a systematic understanding of the key aspects and concepts of their branch of 
engineering;

• coherent knowledge of their branch of engineering including some at the fore-
front of the branch;

• awareness of the wider multidisciplinary context of engineering.

Second Cycle graduates should have:

• an in-depth knowledge and understanding of the principles of their branch of 
engineering;

• a critical awareness of the forefront of their branch.

Engineering Analysis
First Cycle graduates should have:

• the ability to apply their knowledge and understanding to identify, formulate and 
solve engineering problems using established methods;

• the ability to apply their knowledge and understanding to analyse engineering 
products, processes and methods;

• the ability to select and apply relevant analytic and modelling methods.

Second Cycle graduates should have:

• the ability to solve problems that are unfamiliar, incompletely defined, and have 
competing specifications;
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• the ability to formulate and solve problems in new and emerging areas of their 
specialisation;

• the ability to use their knowledge and understanding to conceptualise engineer-
ing models, systems and processes;

• the ability to apply innovative methods in problem solving.

Engineering Design
First Cycle graduates should have:

• the ability to apply their knowledge and understanding to develop and realise 
designs to meet defined and specified requirements;

• an understanding of design methodologies, and an ability to use them.

Second Cycle graduates should have:

• an ability to use their knowledge and understanding to design solutions to unfa-
miliar problems, possibly involving other disciplines;

• an ability to use creativity to develop new and original ideas and methods;
• an ability to use their engineering judgement to work with complexity, technical 

uncertainty and incomplete information.

Investigations
First Cycle graduates should have:

• the ability to conduct searches of literature, and to use data bases and other 
sources of information;

• the ability to design and conduct appropriate experiments, interpret the data and 
draw conclusions;

• workshop and laboratory skills.

Second Cycle graduates should have:

• the ability to identify, locate and obtain required data;
• the ability to design and conduct analytic, modelling and experimental 

investigations;
• the ability to critically evaluate data and draw conclusions;
• the ability to investigate the application of new and emerging technologies in 

their branch of engineering.

Engineering Practice
First Cycle graduates should have:

• the ability to select and use appropriate equipment, tools and methods;
• the ability to combine theory and practice to solve engineering problems;
• an understanding of applicable techniques and methods, and of their limitations;
• an awareness of the non-technical implications of engineering practice.

Second Cycle graduates should have:

• the ability to integrate knowledge from different branches, and handle 
complexity;
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• a comprehensive understanding of applicable techniques and methods, and of 
their limitations;

• a knowledge of the non-technical implications of engineering practice.

Transferable Skills
First Cycle graduates should be able to:

• function effectively as an individual and as a member of a team;
• use diverse methods to communicate effectively with the engineering commu-

nity and with society at large;
• demonstrate awareness of the health, safety and legal issues and responsibilities 

of engineering practice, the impact of engineering solutions in a societal and 
environmental context, and commit to professional ethics, responsibilities and 
norms of engineering practice;

• demonstrate an awareness of project management and business practices, such as 
risk and change management, and understand their limitations;

• recognise the need for, and have the ability to engage in independent, life-long 
learning.

Second Cycle graduates should be able to:

• fulfil all the Transferable Skill requirements of a First Cycle graduate at the more
demanding level of Second Cycle;

• function effectively as leader of a team that may be composed of different disci-
plines and levels;

• work and communicate effectively in national and international contexts.

Though the language used in setting out the learning outcomes is in the form of 
expressing an ability it is clear that behind each proficiency there is a knowledge 
that is to be applied. In some learning outcomes the knowledge is obvious but in 
others it is implicit. The first Learning Outcome (Knowledge and Understanding)
has a straightforward link to the foundational layer through ‘scientific and mathe-
matical principles’, but the added knowledge required for a ‘systematic understand-
ing …’ is not so straightforward. Nor is it a simple matter to articulate exactly what 
this added knowledge consists of, even though its application might be perfectly 
clear. Nevertheless there is a specific form of knowledge required if a systemic 
understanding of an engineering task is to be carried out properly. With the second 
Learning Outcome (Engineering Analysis) there is another type of knowledge
required in the ‘understanding to conceptualise engineering models, systems and 
processes’. In the third Learning Outcome (Engineering Design) a different
 knowledge base is necessitated for ‘an understanding of design methodologies’. To 
know the merits of potential design methodologies and then be sufficiently knowl-
edgeable to choose the ‘right’ one is a valued knowledge based skill. (In passing it 
is noted that some authors make a distinction between knowledge and wisdom 
where the latter concerns the ability that comes with experience to wisely navigate 
through sets of knowledge.) The set of six learning outcomes have precursor knowl-
edge starting points. And it should be clear that such knowledge is very different in 

9 The Epistemological Basis of Engineering, and Its Reflection in the Modern…



170

character to the knowledge in the foundational layer. In this way the nature of 
 engineering emerges but that is not the end of the matter.

The next section describes the third layer ‘Competences’, which, building on the
knowledge of the two lower layers and added to relevant work experience, leads to 
the state of knowledge that an engineer must reach to be considered a Chartered
Engineer or Professional Engineer. UK, Ireland and Australia amongst others use 
the term Chartered Engineer (CEng), whilst Canada and the United States amongst
others use the term Professional Engineer (PE).

 The Top Layer of the Model: Knowledge Associated 
with the Competences Required of Chartered or Professional 
Engineers

To set a context, professional bodies such as Engineers Ireland, consider that the 
formation of an engineer consists of two parts. The first part refers to the educa-
tional formation usually culminating in an accredited Bachelor or Master degree. 
To aid the mobility of engineers worldwide and ensure transparency of engineering 
qualifications, many countries have signed agreements or accords by which accred-
ited degrees are mutually recognised. The Washington Accord is an international 
agreement entered into by Engineers Ireland with other professional bodies in the 
UK, USA, Canada, Australia, New Zealand, Hong Kong-China, South Africa,
Japan, Korea, Singapore, Malaysia and Taiwan. Through this Accord, the signato-
ries accept each other’s accreditation decisions thereby enabling mutual recogni-
tion of each signatory’s engineering degree programs. The second part refers to 
post degree experience gained in relevant engineering work situations. The total 
period of formation is a minimum of 8 years. The following is the definition of a 
professional engineer recognised by the Council of Engineers Ireland for the title
Chartered Engineer and is the definition adopted in 1960 by the Conference of
Engineering Societies of Western Europe and the United States of America 
(UESEC):

A professional engineer is competent by virtue of his/her fundamental education and train-
ing to apply the scientific method and outlook to the analysis and solution of engineering 
problems. He/she is able to assume personal responsibility for the development and appli-
cation of engineering science and knowledge, notably in research, design, construction, 
manufacturing, superintending, managing and in the education of the engineer. His/her
work is predominantly intellectual and varied and not of a routine mental or physical char-
acter. It requires the exercise of original thought and judgement and the ability to supervise 
the technical and administrative work of others. His/her education will have been such as to
make him/her capable of closely and continuously following progress in his/her branch of 
engineering science by consulting newly published works on a worldwide basis, assimilat-
ing such information and applying it independently. He/she is thus placed in a position to
make contributions to the development of engineering science or its applications. His/her
education and training will have been such that he/she will have acquired a broad and gen-
eral appreciation of the engineering sciences as well as thorough insight into the special 
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features of his/her own branch. In due time he/she will be able to give authoritative  technical 
advice and to assume responsibility for the direction of important tasks in his/her branch.

To become a Chartered Engineer, in most if not all relevant jurisdictions, an
applicant submits a mandatory report which, if accepted, is followed up by an inter-
view conducted by a panel of trained interviewers. The key areas explored are the 
five competences that the applicant must demonstrate they have attained (Engineers 
Ireland 2012).

• Competence 1: Use a combination of general and specialist engineering knowl-
edge and understanding to optimise the application of existing and emerging 
technology.

• Competence 2: Apply appropriate theoretical and practical methods to the analy-
sis and solution of engineering problems.

• Competence 3: Provide technical, commercial and managerial leadership.
• Competence 4: Use effective communication and interpersonal skills.
• Competence 5: Make a personal commitment to abide by the appropriate code of

professional conduct, recognising obligations to society, the profession and the 
environment.

In Competence 1 it would be expected that a Chartered Engineer ‘deepens their
knowledge base systematically through research and experimentation’, and ‘extends 
knowledge of related disciplines or fields and fosters co-operation across discipline 
boundaries to identify future potential opportunities’. For Competence 2, Chartered
Engineers should have the capacity to ‘exercise original thought in synthesising 
satisfactory outcomes to engineering challenges’. Within Competence 5, Chartered
Engineers are expected to ‘give evidence, express opinions or make statements in an 
objective and truthful manner and on the basis of adequate knowledge’. This last 
requirement is a powerful one that should apply to all professionals as it demands 
that the individual operates within a knowledge space which they have the respon-
sibility of judging to be adequate. In other words, this is an injunction not to operate 
outside one’s competence (or knowledge boundary). As an aside there are those in 
both Science and Engineering who have proposed a Hippocratic Oath adapted to
their respective professions (Grimson and Murphy 2013). Whilst few professional 
bodies have adopted such an oath it at least makes sense to discuss the underlying 
issues with students in their undergraduate classes and for codes of ethics to reflect 
the intentions involved.

At this stage a general picture should have emerged as to the epistemological web 
inhabited by engineers. But it is still very complex and difficult if not impossible for 
any one individual to master. This is why pragmatic approaches abound in engineer-
ing. One such approach is based on the use of heuristics and an example is presented 
later. But by far the most important approach encountered in engineering to control 
what otherwise would be an impossible situation – building from basics through to 
producing an optimum solution for any particular challenge – is the use of stan-
dardised (well-tested and widely adopted) methods. Another aspect of engineering 
is the positive role failure plays in developing new knowledge and refining methods. 
The next section discusses heuristics, standardised methods, and the role of failure.
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 Dealing with Complexity

 Heuristics

Strategies that reflect constraints with respect to the acquisition of relevant 
 knowledge to solving a particular problem include approaches that intentionally 
seek to obtain a solution through processes that are not in fact guaranteed to be 
valid. The use of a rule-of-thumb falls into this category. This might seem strange 
and anti- scientific but engineering puts more store on getting a result than proceed-
ing elegantly without result. It is not that elegance is discounted, but more a reflec-
tion that elegance is not always possible. Billy Koen has written extensively about 
heuristics which he describes in essence as doing the best in an inadequately under-
stood situation within available resources (Koen 2003). In fact Koen makes the 
claim that all engineering is heuristic. There is some truth to this claim but it should 
not be taken literally. Many engineering challenges can be addressed without 
recourse to heuristics, but they do have a place especially when applied intelligently. 
For a general introduction, not specific to engineering, the reader should consult 
Michalewicz Zbigniew, David Fogel’s book ‘How to Solve it: Modern Heuristics’
(Zbigniew and Fogel 2004).

To illustrate the heuristic approach with a simple example and also to flavor why 
it is an attractive option when intelligently applied, consider the following problem. 
A very long ladder network consists of 1-Ω resistors as shown in Fig. 9.2. The prob-
lem is to determine the input resistance at terminals TT’. One line of attack is to 
truncate the network at AA’ and calculate the input resistance when (a) a short- 
circuit is created at AA’ and (b) when an open circuit is allowed at AA’.

Using the simple electricity laws of calculating the resistance of resistors in 
series and parallel quickly leads to the results:

 
R open circuit and R short circuitin in  ( )= ( )=2 1 5Ω Ω.

 

Logically, the input resistance of the full ladder network must lie between these two
values. An improved bracketing could be obtained by truncating the network at BB’ 
in which case the results are as follows:

 
R open circuit and R short circuitin in  ( ) = ( ) =1 666 1 6. .Ω Ω

 

The heuristic ‘solution’ is then found from the upper and lower bounds by taking the 
geometric mean of these two values yielding 1.633. Two points can be made. First, 
adopting a truncation strategy allowed both the upper and lower bounds to be calcu-
lated with zero error. Second, no justification can be given for how the final result is 
obtained and the alternative of using an arithmetic mean would have been equally 
justified. However the solution obtained cannot be too far from the true value due to
the approach used in the bracketing between the upper and lower bounds. As it 
transpires the true result is 1.618 Ω which can be found in a number of different 
ways. But that is not the point of the example; rather an intelligent approach using 
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easily available knowledge facilitated a sensible application of heuristics. Whether 
the bracketed solution is usable of course depends on the context in which the origi-
nal problem arose.

 Role of Failure in Engineering

Engineering is largely evolutionary wherein progress is incremental based on a 
selection process (see Grimson and Murphy 2009). The selection process is not just 
concerned with what is ‘good’, the ‘bad’ is equally important. In the extreme case 
the ‘bad’ can represent a total failure of a system or some vital component of that 
system. Henry Petroski has written much about failure in engineering and whilst 
failure is never intentional it is to some extent inevitable, but any failure comes with 
the benefit that post-failure analysis can result in new knowledge or at least informa-
tion that can reduce future accidents (Petroski 1985). Unfortunately failure can be 
caused by poor management decision-making (see for example the Challenger
Shuttle disaster) and negligence (Kansas City Hyatt Regency Hotel walkway col-
lapse). But it is failure when neither poor management nor negligence is involved 
that generates the most useful technical insight leading to new engineering knowl-
edge. One example is the well documented collapse of the Tacoma Narrows Bridge. 
What transpired in investigating this failure was that wind-induced instability (aero-
elastic flutter) caused the bridge to collapse. The mode of failure was a new one and 
forced bridge designers armed with this new knowledge to take into account aero-
elastic flutter.

Failure does not have to occur in live situations to generate new knowledge. In 
fact most failures occur under laboratory or testing conditions. The use of wind- 
tunnels and hydro-models for example are engineering substitutes for almost intrac-
table mathematical calculations. And today the use of computers in modelling in 
almost all branches of engineering is so advanced that some educationalists are being 
forced to re-think how design is taught. Another challenge arises when engineering 
simply becomes an academic pursuit divorced from engineering practice with its rich 
experience of failure. Steen Christensen and Byron Newberry in reviewing academic

All components are resistors with R=1 Ω

AT

T'

A'

B

B'

Fig. 9.2 Long resistor ladder network with equal components
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drift in engineering note that ‘the process whereby knowledge derived from practical 
engineering work experience and intended to be useful for industrial practice gradu-
ally loses its close ties to practice (Christensen and Newberry 2015). Instead engi-
neering knowledge becomes increasingly theoretical and oriented toward engineering 
disciplines, including mathematics and natural science’. The danger here is analo-
gous to a medical doctor losing sight of his/her patient!

 The Role of Standardized Methods

There are multiple reasons for the use of standardized methods. Accumulated 
knowledge is encapsulated in such methods in the sense that they become evidence- 
based. Another reason is that safety concerns are addressed by restricting options 
that might with experience prove to be poor. The early history of ASME, founded in 
1880, was inextricably linked with the problems of boilers exploding. The ASME 
website (see www.asme.org/engineering-topics/articles/boilers/the-history-of- asmes-
boiler-and-pressure) provides the background.

The ASME Boiler and Pressure Vessel Code (B&PVC) was conceived in 1911
out of a need to protect the safety of the public. This need became apparent shortly 
after the conception of the steam engine in the late 18th century. In the nineteenth 
century there were literally thousands of boiler explosions in the United States and 
Europe, some of which resulted in many deaths. The consequences of these failures 
were locally focused and, other than one or two, received minimal national or inter-
national attention. Undoubtedly, one of the most important failures that proved the 
need for Boiler Laws was the boiler explosion that occurred at the Grover Shoe
Factory in Brockton, Massachusetts on March 10, 1905. That incident resulted in 58 
deaths and 117 injuries and completely levelled the factory. This catastrophe brought 
attention to the need to protect the public against such accidents with pressure- 
retaining equipment.

The outcome was the development of a code resulting in the publishing in 1915 
of The Boiler and Pressure Vessel Code. This code set standards covering the rules
for fabricating a component, materials that are to be used, welding, testing, and 
rules that permit the use of materials and alternative methods of construction. The 
work in devising this code must have involved many experts but the value to other 
engineers and society more than repaid the initial effort required. The central point 
is that knowledge became encoded in a particular and useful manner and then made 
available to others. This encoding might be thought of as creating second-order 
knowledge or knowledge about knowledge.

There are countless examples in engineering where knowledge is encapsulated in 
the form of codes, standards, guidelines, methods etc. and they all serve the purpose 
of engineering work proceeding in an efficient, effective, safe, and organised man-
ner. Further, they serve the engineering community by providing a ‘language’ and a 
process by which enhancements can be made. Innovation it is claimed can be stifled 
by too rigorous an adherence to codes or standards. But in the longer term  successful 
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innovations yield their own standards, the internet for example. Finally, codes, 
 standards, and approved methods allow engineers to proceed without having to 
revert to first principles every time a new task commences. Nor do engineers need 
to spend time and effort solving problems already solved many times over. Instead 
engineers are more readily freed to build on the work of previous generations.

 Relevant Importance of Various Skills and Knowledge

It is one thing to identify what skills and knowledge need to be developed within an 
engineering program it is another matter entirely to assign corresponding weight in 
the design of a curriculum. In a report by the Center for the Advancement of
Engineering Education data is presented indicating the importance of skills and 
knowledge in rank order as perceived by senior engineering students (Atman et al. 
2010). In descending order the relative importance is ranked as follows: Problem 
solving (73 %); Communication; Teamwork (61 %); Engineering analysis; Ethics
(40 %); Design; Creativity; Life-long learning; Math (19 %); Data analysis;
Engineering tools; Leadership; Business knowledge; Science (13 %); Management
skills; Professionalism (11 %); Conducting experiments; Global context; Societal
context; Contemporary issues. Whether this ranking reflects what students have
been offered or what they would like to have been offered is open to question. But 
the list and ranking is a good description of the challenges in designing a fit for 
purpose curriculum.

Design as a general engineering activity is one of the hardest to characterize. 
And the necessary knowledge underpinnings include much of what has been stated 
already (Science, Math, Analysis etc.). But there is much more to design. Another 
dimension is outlined in the above report, namely the most important Design 
Activities. These range from Understanding the problem (most important) to 
Identifying constraints, Testing, Modeling, Prototyping, Iterating to Abstracting 
(least important). The point that is emphasized here is that each activity must be 
supported by some form of knowledge if the engineer is to know how to proceed in 
a sensible manner rather than simply by trial and error. It follows that this spectrum 
of activities must be taken account of in the formation of an engineer (undergradu-
ate, post-graduate and professional undertakings)

 Conclusion

At first glance epistemology is the most easily understood of the five classical 
branches of philosophy (epistemology, metaphysics, logic, aesthetics and ethics). 
We are told that we live in a modern world that is knowledge driven and undoubt-
edly our ready access to knowledge is well supported through the use of information 
technology. We, it would seem, use, create and modify, store and transmit 
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knowledge on a routine basis in our everyday lives, and so assume an easy  familiarity 
with it. But you don’t need to be a philosopher to realize that epistemology is in fact 
a most difficult and complex thing. From a very practicable perspective the issues 
surrounding determining provenance, the ability to authenticate, and understanding 
the limitations of knowledge, all have particular significance for engineering. With 
the possible exception of mathematics which since it is strictly rational can be 
excluded, all branches of knowledge on which engineering is based is to a greater or 
lesser extent a structure built on shifting sands. This is not to say engineering is use-
less or in some way defective. Rather it points to the need to constantly update its
knowledge base knowing that circumstances change and as a consequence fresh 
evidence surfaces.

According to James Boswell, Samuel Johnson held that there are two kinds of 
knowledge, the first being that which we know ourselves, the second being knowing 
where to find what we wish to know (Boswell 1791). An engineer might well add a 
third kind, namely knowing when or why to search for new knowledge or update 
existing knowledge. It is not too surprising then that David Goldberg in a talk given 
at the Royal Academy of Engineering in London stated that engineering is episte-
mologically weak (see http://www.slideshare.net/deg511/engineering-in-context-
the-professional- and-institutional-settingSlide 37). In the first place engineering is 
a net borrower (particularly mathematics and the sciences), and in the second place 
engineering knowledge is subject to gradual and occasionally abrupt change. One 
can accept therefore the ‘weakness’ assertion but this is not necessarily a negative 
attribute. At its simplest the demands made of engineering to solve problems, 
address challenges, and to create that which never previously existed means that the 
‘strength’ of engineering epistemology is not of great importance. Instead the 
usability of the knowledge is the critical factor. Even a certain lack of consistency in 
the knowledge used can be tolerated in engineering provided the impact of such 
inconsistency is known and allowed for in the course of undertaking the work 
involved. This is analogous to the heuristic method discussed previously in this 
chapter where there is a need to do the best one can, in conditions that are not ideal.

Another issue centers on the definition of knowledge. The classical definition, 
going back to Plato, is that knowledge is ‘justified true belief’. In an engineering 
context ‘justified’ is generally not a black or white attribute, in practice there would 
be degrees of justification depending on the context. This conditionality of engi-
neering knowledge requires judgment to be exercised by engineers, a skill that 
comes with experience. It is tempting to refer to such judgment as being the applica-
tion of wisdom; wisdom being the good or best use of available knowledge, and one 
could say it is a form of knowledge about knowledge.

Engineering relies on and is supported by the rational knowledge that is science 
and the empirical knowledge that is the sciences. As explained earlier there are 
other foundational areas too. The middle layer represents the core of what some 
would say is ‘engineering’ where the knowledge of how to carry out a wide range 
of activities is contained. The ability to determine requirements, analyze, design, 
test, evaluate, review – all these are required of an engineer in whatever sub- 
discipline of engineering they operate. The top layer of knowledge characterizes the 
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deep understanding of the underlying layers by which engineering work can be 
 carried out using appropriate methods and when necessary devising new approaches. 
The epistemological basis of engineering poses descriptive difficulties but there is 
an underlying structure that is both robust and resilient, largely determined by edu-
cationalists and practitioners who have built on a wealth of experience. New knowl-
edge is created and old knowledge modified or discarded but the structure in which 
it fits remains constant. It is this structure that allows engineering to proceed without 
being submerged in the sea of knowledge.
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Chapter 10
The Tension Between Science 
and Engineering Design

Stig Andur Pedersen

Abstract Engineering design is an essential part of the process of constructing and 
maintaining modern complex systems as airplanes, power plants, and urban areas. As 
such engineering design must be based on scientific knowledge. But whereas it is the 
task of engineering design to assist in the realization of complex systems in their 
concrete real life context, it is the task of science and mathematics to find and justify 
new knowledge about the universal working of nature. In a science as physics math-
ematical structures and formalisms are developed and applied as means to identify 
and describe the form and nature of laws that govern the behavior of processes of 
very different scales in nature. This work requires comprehensive abstraction and 
idealization, and, as a consequence of that, advanced mathematical and physical the-
ories are only valid in highly abstract and isolated systems. Consequently, these theo-
ries are far away from the concrete contexts that engineering design is about. In this 
paper we shall identify and discuss some of the epistemological problems that this 
tension between scientific idealization and engineering concretization may lead to.

Keywords Research and model objects • Model building skill • Tacit knowledge •
Theoretical framework • Hierarchies of laws • Truth and reality

 Introduction

Engineering design is an essential part of the process of constructing and maintain-
ing modern complex systems as computers, smartphones, airplanes, power plants, 
and urban areas. All these artifacts have complex chemical, electrical, and mechani-
cal features, which only can be understood and controlled by relying on scientific 
theories. In this sense, modern technology is science based. It is impossible to imag-
ine how modern forms of artificial material, control systems, and structural systems 
would have been possible without advanced scientific mathematical modeling. At 

S.A. Pedersen (*) 
Section for Philosophy and Science Studies, Roskilde University,  
Box 260, Roskilde DK-4000, Denmark
e-mail: sap@ruc.dk

mailto:sap@ruc.dk


180

the same time it also true that modern mathematics and natural science depend 
heavily on technology. It is quite striking that some of the most theoretical questions 
in physics and cosmology, for instance, about the origin of life and the formation of 
matter, require the most advanced machines that ever have been built. The purpose 
of the Large Hadron Collider at CERN is to produce events which might shed light
on the formation of matter. This machine is built with the aim of understanding the 
most fundamental aspects of the material world, all the technological benefits that 
flow from experiments with it are side effects. So, natural science and technology 
are intertwined and interdependent in a complex way.

In spite of the close interdependence between science and technology they are 
two different activities with their own specific logics. This has been forcefully docu-
mented by, among others, Derik de Solla Price in the essay The Difference Between 
Science and Technology:

We have the position, then, that the normal growth, science begets more science and tech-
nology begets more technology. The pyramid like exponential growth parallel each other, 
and there exists what the modern physicist would call a weak interaction -at the educational 
level and the popular book and the Scientific American stage - that serves just to keep the 
two largely independent growths in phase (Price 1975, pp. 129–130).

The two exponential growth processes – science and technology – have the same 
formal structure and their own internal autonomous logic of development. Science 
develops in the following way:

Science is a sort of growing jigsaw puzzle with a dozen sexes, and wherever there is a fam-
ily of knowledge - an annual supply of knowledge - children are produced. Old knowledge 
gives rise to new at an exponential rate. From time to time new subdivisions of knowledge 
appear, but the general process goes on without let or hindrance, without fail in times of 
poverty and war, without hurting in times of need. There is, strangely enough, very little 
man can do to make knowledge come more or less quickly or to make it come in the direc-
tions we may wish (ibid., p. 129).

And technology has a similar growth pattern:

Technology, the other twin, grows, I believe, in a very similar fashion. It is evident to any 
historian of technology that almost all innovations are produced from previous innovations 
rather than from an injection of any new scientific knowledge. We do not see it so well just 
because the technologists are keeping quiet rather that shouting from the rooftops as the 
scientists do (ibid., p. 129).

So, according to Price, science and technology constitute two parallel processes 
that interact weekly, but where the main driving forces in each process are internal 
problems. New scientific results lead to new scientific problems which are the basis
for new scientific results, and new technical innovations leads to new technological 
challenges which result in new innovation. Although there are many other determin-
ing forces in the development and that science and technology today are more inter-
twined than ever before it seems to be a correct picture. Science has its own internal 
logic and so does engineering.

Price describes the situation from the outside. In this paper we will shed some 
more light on the interaction between science and engineering by having a closer 
look at the way in which knowledge is produced within the two fields.
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 The Subject Matter of Science and Engineering

The subject matter of natural science is not in general ordinary objects and 
 phenomena as we see them in our daily lives. The objects and phenomena under 
scrutiny by scientists are carefully delimited from their environment. They are ide-
alized and transformed to such a degree that many of them do not have natural 
counterparts. For instance, when molecular biologists or pharmacologists study 
how various drugs are transported over biological membranes, they do it by taking 
test samples of tissue and cultivating them in artificial environments and eventually 
decomposing them into molecular parts. This is a long and complex process which 
is difficult to control and interpret correctly. So, what the scientist eventually mea-
sures are variables, e.g. concentrations of enzymes, proteins, etc., which are related 
to the original biological tissue in a very indirect and complex way. The biologist 
cannot see the membrane directly, but only indirectly as constructed pictures made 
by advanced equipment like electron microscopes, MR scanners, ultra sound instru-
ments and the like.

The situation in engineering research is similar. Studies of strength of various 
building components, for instance, are in many cases based on laboratory test sam-
ples which are isolated and manipulated in ways that make them appear very differ-
ent from the way they would look like at real building sites.

The process of preparation and delimitation of objects so that they can be studied 
scientifically leads to the construction of what we are going to call model objects. 
These objects are abstract constructions. But they are the objects that scientific theo-
ries are about and construction of these objects is an essential part of scientific 
reasoning.

It is well-known that reasoning in natural and engineering science involves com-
plex structures of hypothetico-deductive systems where principles, laws, and empir-
ical generalizations are hierarchically ordered with respect to epistemological 
significance. We will briefly discuss such systems and their role in scientific 
reasoning.

As model objects in a sense are theoretical constructions we must face the prob-
lem of how scientific theories are related to reality. The paper ends with a few 
 reflections on truth and reality.

It should be noted, that engineering science has as its main objects of research 
artifacts like pumps, industrial plants, electronic devices and buildings. It is impos-
sible to define such artificial objects completely in naturalistic terms. They have an 
intentional side and they are defined and understood in terms of their operational 
principles in the sense of Polanyi (see Polanyi (1958), p. 176). One must consider 
the nature of the goals they serve. For instance, a water pump serves the goal of 
pumping water from a well, and such a machine is not well defined unless this goal 
is taken into consideration. As artifacts ultimately must serve certain functions in 
society, engineering science and work must include considerations of immaterial 
and intentional phenomena like production, planning, organization and other cir-
cumstances of general economical and societal significance. These aspects tradi-
tionally belong to the social sciences and in some cases the humanities. Hence,
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engineering science covers an extremely broad spectrum of activities. Many
 engineering fields of study cannot be characterized as only belonging to the natural 
sciences. However, in this paper we will only deal with those naturalistic aspects of
engineering research which are epistemologically similar to what one finds in natu-
ral sciences. Intentional phenomena will not be taken up in this paper.

 Theory, Research Objects and Model Objects

As already mentioned, scientists manipulate, idealize and transform their research 
objects in the laboratory so that the properties and partial aspects of the object, in 
which they are interested, are isolated and appear as pure as possible. They elimi-
nate all kinds of irrelevant and disturbing properties so that they can be as certain as 
possible that the single aspect or property under study is present and not disturbed 
by irrelevant factors. For example, when solid-state physicists are studying mag-
netic properties of metals they abstract from the mechanical and chemical proper-
ties of these metals and they make sure that all possible disturbing magnetic fields 
are kept away. We call this process of delimiting a research object a preparation 
process.

It is evident that this process of preparation of the research object requires theo-
retical considerations. The solid state physicists must know that there are no interac-
tions between gravitational and magnetic forces and they must know theoretically 
how to shield off other fields. Without such knowledge they would not be able to 
prepare a research object correctly and their experimental work would be useless. 
Consequently, the preparation process requires theory both as a tool for selecting 
relevant properties of the research object and as a tool for assessing the correctness 
of the preparation of the research object. It requires theoretical considerations to 
make sure that the research object is an adequate representation of reality.

By “reality” we mean the world as it looks for us as ordinary people. We do not 
mean anything metaphysically complex. What we want to stress is that natural sci-
ences, and also many engineering research fields, are not directly about the world as 
it appears to us. They are about highly idealized and abstract features of this world, 
and even for engineering research it is often difficult to see how such research has 
anything relevant to say about the world as we know it, and it is not unproblematic 
to transfer results from the laboratory to the real world and use them for actual engi-
neering design.

 Preparation of Research Objects

The preparation process involves at least three partial processes. First, the part of the 
reality we want to study is delimited from its environment. We may, for instance, be 
interested in studying how a certain drug influences a membrane in the brain of a 
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human being. The object under study is delimited to this membrane, and the 
 membrane is so to speak isolated from the other parts of the human being.

Secondly, we ignore all properties of the membrane except some of its electro-
chemical properties which we want to measure. This is an abstraction process. We 
abstract from all properties except one or a few which we want to study experimen-
tally. In this way we end up with a generic object. All relevant properties are lifted 
to this generic membrane. Consequently, when relevant properties of the concrete 
membrane are determined they are considered as properties of all membranes of 
that generic type. Research is not about properties of concrete tokens but about 
those properties that can be lifted to generic types of objects.

Thirdly, we also idealize the object. We consider the membrane to be an ideal, 
homogeneous and generic exemplar of the actual membrane. That is, the parameters 
we are measuring are supposed to be valid for any membrane of the correct type and 
not only valid for the actual membrane under consideration. All inhomogeneities 
and imperfections of the actual membrane are smoothed out. In praxis this is done 
by considering variations in measurements as noise which must be eliminated by, 
for instance, statistical analysis.

The result of the preparation process is an isolated object demarcated from its 
surroundings and processed such that it can be manipulated in a controlled way. It 
is considered as an instance of a perfect, generic object. Consequently, the research 
object can be defined as an isolated and manipulated part of the world which is 
conceptualized as an instance of a generic object.

We have given a biological example. But it is an easy matter to give engineering 
examples. Consider, for instance, the study of oscillations of steel bars. When we 
want to study eigenoscillations of steel bars we delimit the bar from disturbing parts 
of its environment, we abstract from all properties that are irrelevant for the study of 
its vibrations, and we idealize by considering it as a perfect, homogeneous bar. 
Although we of course are making measurements on real bars we consider these 
measurements as being properties of the perfect, generic bar. All variations and 
irregularities caused by the imperfections of the actual bar in the laboratory are 
smoothed out and considered as unintended disturbances. The bar is conceptualized 
as a generic bar.

 Construction of Model Objects

The research object has been defined as the result of a preparation process. Although 
the object is physically real it is considered as an abstract entity. The preparation 
process involves at least three aspects: (i) delimitation of the object, (ii) abstraction 
from irrelevant properties, and (iii) idealization. This process leads to a complex 
artifact, the research object, which is an isolated and manipulated entity conceptual-
ized as a perfect generic object. All basic properties measured and analyzed in the 
laboratory are comprehended as properties of the generic object. The actual object 
represents the generic object.

10 The Tension Between Science and Engineering Design



184

As an example consider measurements of the gravitational field of the Earth as 
part of precision surveying. In mountain areas like Greenland gravitational mea-
surements are made on locations at different altitudes. Such measurements are not 
compatible unless they are transformed in such a way that they refer to the same 
altitude. That is done by introducing the geoid. Broadly speaking the geoid is 
defined to be the object bordered by the equipotential surface of the gravitational 
field at sea level. This surface is an abstract generic object used to define the form 
of the Earth as a research object. The geoid is an abstract planet which is as similar 
to the Earth as possible. It has the same mass, the same axis of rotation, the same 
angular velocity, etc. But it does not exist as a real object. It is a conceptual model. 
When geodesists talk about the gravitational field they usually refer to the gravita-
tional field of the geoid. All kinds of geodesic measurements are planned and pre-
pared in such a way that they can be construed as measurements of properties of the 
geoid. From a geodesic point of view the Earth is identified with the geoid. The 
actual Earth represents this generic object, the geoid.

Consequently, research objects are not only objects as they appear to us directly 
as part of the environment. They are delimited and modified in such a way that they 
can be regarded as instances of abstract generic objects. Such abstract generic 
objects are called model objects. Consequently, a research object is an entity which 
can be viewed as an instance of a model object. Model objects are abstract concep-
tual entities, and they are the proper targets of scientific theories. The geoid is a 
model object. The real earth is an empirical object. But when the earth is studied by 
geodesists it is represented by the geoid. All measurements are reduced in such a 
way that they appear as being made on the abstract model object: the geoid.

So far we have discussed two interrelated processes: Preparation of the research 
object and construction of a model object which conceptually represents the research 
object. The research object is prepared in such a way that it fits the model object as 
truthfully as possible. Usually further idealizations are made during the theoretical 
investigation of the research object and its properties. Thus, if one is studying vibra-
tions of a homogeneous bar it is often assumed that these vibrations can be described 
by linear equations, or, if that is not sufficient, second order non-linearities are taken 
into account. In this way we construct even more abstract and idealized model 
objects. Whole series of model objects may be constructed during this further gen-
eralization process. In many cases this is a necessary condition for existing theories 
to be applicable. More and more abstract model objects are being constructed in
such a way that it is possible to get through with numerical or analytical solutions 
of the fundamental equations which describe the problem under consideration.

As a specific example of such a model object construction in an engineering field 
we will consider a project in which certain dynamic and structural features of a 
human shin-bone are studied experimentally (Thomsen 1990). We want to know 
how such bones react when they are exposed to various kinds of loading conditions. 
Knowledge of this kind is important in many medical contexts. For instance, it is 
important as basis for design when various kinds of prostheses are being developed. 
The research object was in this case confined to mechanical properties of a well- 
defined carved piece of a shin-bone. Only structural eigenoscillations in a certain 
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frequency domain were considered, and the object was prepared by cutting it out of 
a real human leg, gluing on sensors, freezing it down, etc. The model object that 
conceptually represented this research object was a perfect bar with definite physi-
cal properties. This generic object was conceived as the carrier of the oscillations. 
The laboratory measurements were made on the real piece of a shin-bone cut out of 
a human being and they were reduced in such a way that they could be considered 
as originating from the model object. That is, the research object was a technically 
prepared piece of shin-bone conceptualized as a perfect bar.

The theory relevant for the study of mechanical properties of such objects is 
taken from solid mechanics. This theory is based on, among other things, funda-
mental mechanics, and it contains theoretical analyses of dynamic properties of 
various kinds of objects: bars, plates and other geometric configurations with plastic 
or elastic properties. Within this theory we have massive knowledge about, say, 
stress–strain relations of various idealized objects. This knowledge is presented in a 
mathematical form and is about model objects which are idealized to such a degree 
that a mathematical analysis is feasible. The research object is represented by such 
a model object.

A real human shin-bone has a highly complex geometry. It consists of several 
types of substances, for instance, bone tissue and marrow, with very different 
mechanical properties. The substances are also inhomogeneous, anisotropic, and 
vast biological variations exist between different individuals. The inhomogeneities 
of the various substances cannot directly be eliminated in the research object. But 
when it comes to theoretical and mathematical considerations it is necessary to 
increase the level of idealization and construct a model object which fits into the 
theoretical framework. The inhomogeneities must in some way or other be reduced 
before it is possible to fit the shin-bone into a theoretical framework. In the example 
under consideration the research object was represented as a so-called Timoschenko 
beam. Only some of the constitutive properties of the shin-bone were then repre-
sented in the model object. They comprised, in the final definition, “dynamic and 
structural properties of a rectilinear, twisted, non uniform Timoschenko beam which 
was made up of two linearly elastic and transversally isotropic compounds and one 
perfectly flexible compound” (Thomsen 1990).

The actual piece of human shin-bone was in this case considered as a non- 
uniform Timoschenko beam. But other models might have been chosen. Depending 
on available theory and the purpose of the analysis one might have been led to other 
choices. In fact, an important part of the project consisted of deliberations of which 
other possible models might have been relevant for the analysis. The analysis actu-
ally showed that the structurally very complex human shin-bone had astonishing 
simple dynamic properties. Therefore, it was concluded that, for practical purposes, 
it might be possible to reproduce its dynamic properties with a simpler model. Other 
researchers had already suggested that a uniform Euler beam might be adequate. 
Consequently, several possible ways of reducing the complexity of the model object 
was analyzed. It was finally concluded that from a practical point of view it would 
be sufficient to reduce the complex model to a simple uniform bar model with con-
centrated inertia contributions.
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Thus the representation of a research object by a model object involves an 
 element of choice. Usually, there are several possible theoretical models that can be 
applied in a given situation, and the scientist must decide which one is best for the 
purpose. Such decisions are especially important in engineering science. They are 
based on deliberations of which goal the research is supposed to serve and of the 
theoretical and computational possibilities. Complex models which represent the 
research object as faithfully as possible can be considered as reference models 
which form a theoretical framework from which more applicable simple models can 
be validated. Which simple model that eventually will be chosen as the most appro-
priate one depends heavily on which purpose the simple model is supposed to serve.

There is also a kind of construction involved. The model object is a conceptual 
object that the scientist must construct in such a way that it represents the research 
object as faithfully as possible. In the actual case, it was argued that a specific 
Timoschenko beam constructed by the researcher was an adequate representation of 
a generic shin-bone. The Timoschenko beam representation would serve as a refer-
ence model and simpler models useful for design could be validated by comparing 
them with the Timoschenko beam model.

We shall illustrate the preparation process with another engineering example. In 
this project, methods for calculation of reinforced structural elements of concrete 
were developed (Andreasen 1988). When structural elements of concrete are rein-
forced, i.e. the concrete is deposited around reinforcing iron beams, the strength of 
the elements is increased. The increase of strength depends among other things on 
the anchorage. When the beams are ribbed, the strength of anchorage is greater. In 
the project methods for calculating the load carrying capacity of ribbed reinforcing 
beams were developed.

There exist two different main theories dealing with such structural calculations: 
One is about anchorage, i.e. the equilibrium of the loading and the resulting forces 
acting in the structural elements. The other is about how materials respond to the 
resulting “inner” forces. Consequently, two different, but interrelated, processes of 
preparation of the research object were undertaken, and this led to two different 
model objects.

In relation to the anchorage the problem was delimited in the following way. 
Only static load was considered. Movements between concrete and iron beams were
considered to be unlikely and, therefore, excluded. Consequently, only failures 
between concrete holding on to the reinforcement and other parts of concrete were 
considered. Further idealizations about the geometry of anchorage were made. For 
example, it was assumed that the concrete surrounding the beams was axis- 
symmetrical to the beam axis, and that loads were evenly distributed. These delimi-
tations, abstractions and idealizations resulted in an idealized model object of 
anchorage.

Similarly, a model object reflecting the dynamic behavior of the concrete was 
constructed. Properties like elastic effects, creep, and hysteresis were excluded, and 
the material was assumed to be homogeneous and perfectly plastic. The idealization 
into a perfectly plastic material is a very radical step. No material is perfectly plas-
tic, and certainly not concrete. Nonetheless, this model object was chosen because
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calculation methods based on the theory of plasticity are simple and lead to rela-
tively safe results when applied in an appropriate way.

 Scientific Reasoning

In the last century philosophy of science has been dominated by a logical-linguistic 
view of scientific theories. Philosophers have been more interested in the final products 
of science, namely scientific theories, and not so much in the process of discovery. 
They concentrated on issues about justification and truth of scientific theories, and they 
required theories to be hypothetico-deductive systems expressed in an appropriate lan-
guage. The kind of reasoning that led up to the construction of scientific theories was 
not of great interest. Consequently, most philosophy of science in that period overesti-
mated the importance of well-established final scientific theories and underestimated 
the main body of scientific activity, namely, the reasoning involved in the development 
of new scientific ideas, concepts and theories. This attitude towards science studies 
was drastically changed by the appearance of Thomas Kuhn’s theory of scientific para-
digms where the role of communication and argumentation within the scientific com-
munity came to be of central importance for a proper understanding of science. 
However it took several decades before Kuhn’s insights were fully appreciated.

It is, of course, true that many kinds of scientific analyses can be cast into a 
hypothetico-deductive form, and hypothetico-deductive reasoning is an important 
part of scientific rationality. However, it is not a complete description of the scien-
tific rationality. It only gives a characterization of some very mature forms of scien-
tific arguments. It is the form in which many result are presented in scientific 
journals. But it is not a form of representation that can be applied during the research 
process. During this process all kinds of reasoning are relevant, for instance, analo-
gous reasoning, intuitive considerations, application of elucidating metaphors, and, 
especially in engineering science, praxis based reasonability considerations. 
Consequently, most scientific reasoning does not originally have a hypothetico- 
deductive form. In situations where one does not have a complete theory it might 
even be impossible to identify a deductive hierarchy. We only have a system of 
loosely related and vaguely defined conceptual models.

Another but related serious shortcoming of the logical-linguistic view of scien-
tific theories concerns the fact that according to this view a theory is a general sche-
matic framework. The basic laws are abstract schemata that do not have a concrete 
semantic meaning unless they are interpreted in concrete situations. That is, they 
only have concrete meaning when interpreted in connection with a concrete model 
object. But they do not by themselves give a method by which it is possible to iden-
tify the models which are essential for their own semantic interpretation. The way 
in which research objects and model objects are identified is an important aspect of 
the scientific activity. It is true, that knowledge of hypothetico-deductive systems in 
many situations is essential for the preparation process and for the definition of 
model objects. But it is not the only form of knowledge that is involved in this 
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 process. The ability to delimit concrete research objects and to identify model 
objects which represent them is a complex cognitive skill which is learned during 
scientific training. It involves both linguistically expressed knowledge and tacitly 
given kinds of knowledge (in the sense of Polanyi) concerning model identification. 
The schematic laws and propositions in hypothetico-deductive systems would not 
be semantically well-defined unless it was based on this knowledge.

The way in which implicit and tacitly given knowledge actually functions during 
scientific reasoning is very beautifully expressed by Heisenberg. He describes the
way in which Niels Bohr reasoned when he was doing atomic physics:

Bohr must surely know that he starts from contradictory assumptions which cannot be cor-
rect in their present form. But he has an unerring instinct for using these very assumptions 
to construct fairly convincing models of atomic processes. Bohr uses classical mechanics or 
quantum theory just as a painter uses his brushes and colours. Brushes do not determine the 
picture, and colours are never the full reality; but if he keeps the picture before his mind’s 
eye, the artist can use the brush to convey, however inadequately, his own mental picture to 
others. Bohr knows precisely how atoms behave during light emission, in chemical pro-
cesses and in many other phenomena, and this has helped him to form an intuitive picture 
of the structure of different atoms; a picture he can only convey to other physicists by such 
inadequate means as electron orbits and quantum conditions. It is not at all certain that Bohr 
himself believes that electrons revolve inside the atom. The fact that he cannot yet express 
it by adequate linguistic or mathematical techniques is no disaster. On the contrary, it is a 
great challenge. (Heisenberg 1972, pp. 36–37)

What Heisenberg is saying here is that Bohr, in his reasoning about the structure
of atoms, operates with not very precisely defined model objects describing the 
structure of atoms. These model objects can be used to represent various atomic 
processes as seen in the laboratory, for instance, light emission phenomena (line 
spectra) and various aspects of chemical processes. These model conceptions can be 
communicated to other physicists by applying concepts from classical physics aug-
mented with new quantum physical principles. But this augmented form of classical 
physics would be cryptic, senseless or even contradictory if not interpreted on the 
background of Bohr’s conceptual models of the atom. To understand atomic physics 
at the beginning of this century would imply to be able to

1. understand the conceptual models developed by Bohr, Einstein, Heisenberg and
many other physicists

 2. understand in which way these models actually represented research objects, as, 
e.g., light emission phenomena,

 3. relate these conceptual objects to selected theories, laws, and principles from 
classical physics and quantum theory.

Thus, the scientific activity consisted at that time in many other things than 
descriptions and deductions within hypothetico-deductive systems.

The situation in modern science is of course completely similar. A solid state 
physicist also knows various important model objects, he knows how to relate such 
objects to concrete research objects and he knows how to relate these objects to 
modern theories, laws and computational principles. This is not only true of basic 
science but also of engineering science. Thus, as we have seen, the study of 
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 reinforced concrete also require construction of model objects as representations of 
research objects and as objects of theoretical analysis.

 Model Building Skills

The basic assumptions and skills of a scientific discipline are acquired by taking 
courses and participating in daily scientific work. Although the instrumental train-
ing in formal theories and laboratory techniques is important it only constitutes 
some significant aspects of the cognitive capabilities that are built up during the 
training to become a scientist. As we have seen the perhaps most important part of 
scientific work consists of establishing conceptual models in which problems under 
investigation can be represented in a way that makes solutions possible. Formal 
theories like fluid mechanics, thermodynamics and other fundamental physical for-
malisms are logical instruments which make it possible to describe model objects 
and research objects in a precise mathematical manner.

The ability to construct, select and elaborate conceptual models is a skill that 
must be established before one can claim to have acquired scientific competence. It 
is part of this skill to be able to identify and prepare research objects. It is also part 
of it to be able to construct and analyze model objects which represent research 
objects in a proper scientific way. These activities require conceptualizations of the 
world and as such the capability of constructing conceptual models.

This skill makes it possible to understand and apply formal scientific theories, 
and it makes it possible to interpret what we see in the laboratory. On the other hand, 
scientific theories and laws are important tools of this skill. They deliver the central 
conceptual tools that are necessary for a proper differentiation between adequate 
and inadequate models. Consequently, formal theoretical structures do not by them-
selves characterize a scientific discipline, but they are indispensable conceptual 
tools which scientists need in order to be able to prepare research objects and con-
struct relevant model object representations.

Not all kinds of conceptualizations are allowed. A central part of establishing a
scientific paradigm is to restrict the class of possible conceptualizations to those 
which fit into the ontological view that is characteristic of the science. At this point 
laws and formal theories play a central role. It is a main purpose of scientific prin-
ciples to give descriptions of the scientific ontology.

Consider, for instance, classical electrodynamics. When Maxwell developed the
classical field equations he had in his mind a rather concrete model of the ether (See 
for instance Nersessian 1992). The ether was considered as a fluid and magnetism 
was conceived as vortices in that fluid, and electric currents consisted of small par-
ticles that flowed between the vortices. This mechanical model of the ether was the 
basis and source of inspiration for his derivation of the equations. The full scope of 
his equations could, at that time, only be understood relative to this or similar mod-
els of the ether. Only much later when the special theory of relativity was  introduced, 
it became possible to get rid of a concrete ether model.
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During the process of developing this model building skill a certain ontological 
view of the world is established. This is not done in an explicit way but implicitly 
by learning which model objects are allowed and which are prohibited. For instance, 
when learning classical electrodynamics at the end of the nineteenth century model 
objects should be in accordance with the implicit and to some extent vague concep-
tion of the ether. Model constructions violating the established but tacit conception
of the ether would be rejected as being too odd, too unrealistic, or too imaginative 
to be worth working on.

These assumptions define a definite scientific world view. It is established during 
a cognitive process by which the scientists actually learn the conceptual system of 
the research field, the basic laws, fundamental models objects, experimental meth-
ods, ways of preparing research objects, etc. All this is integrated into one specific 
way to comprehend the world in. We call this a theoretical framework.1

 Hierarchical Levels in a Theoretical Framework

The system of laws within a theoretical framework is hierarchically organized. At 
the highest level one has abstract laws like energy conservation. They are very gen-
eral structural descriptions of all kinds of systems and they can be considered as 
universal constraints that all kinds of physical systems must satisfy. We call these 
laws principles because they are part of the ontological characterization of the phys-
ical world. Our conception of nature requires that these principles are valid and that 
they govern all natural processes. Consequently, if they had to be changed or given 
up it would imply great changes in our scientific worldview.

At a lower level we have more concrete laws like, for instance, Newton’s law of
gravitation and Coulombs law of force between charged particles. Usually these 
laws are not considered as principles. They are less general although they are more 
than just empirical generalizations. The fact that both electrical and mechanical 
forces operate inversely with the square of the distance has far-reaching implica-
tions for the nature of physical phenomena. If these inverse square laws had to be 
modified it would be necessary to invoke radical changes in mechanics and electro-
dynamics to make these theories fit the phenomena. These laws are extremely well 
corroborated both theoretically and empirically.

When it comes to the study of more concrete phenomena like the strength of 
various materials, for instance steel and concrete, we find laws at a still lower level. 
It is not possible to deduce the strength properties of concrete within a well-defined 
hypothetico-deductive system. We are, in a way, in a similar situation as Bohr was 
in when he studied the nature of light emission. The laws which control say the 

1 A theoretical framework is one way of modifying Kuhn’s concept of paradigm. Today there exist 
several other ways of generalizing or modifying Kuhn’s idea. One is Bucciarelli’s concept of 
object world in Bucciarelli (1994). Another one is the concept of a technical matrix in Hendricks
et al. (2000).
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process of rupture of blocks of concrete are not known and cannot be deduced from 
basic physics. Consequently, it has been necessary to develop a set of laws based on 
both empirical and theoretical considerations.

 An Example from Engineering Science

To illustrate this we will again look at modern engineering methods for calculation 
of structural elements of concrete and reinforced concrete. Many materials are to
some degree elastic. When they are exposed to loading (compressing, bending, ten-
sion, etc.) up to a certain point they follow Hooke’s law, that is, they regain their
shape when the loading ceases and deformations are proportional to the loading. 
But when materials are exposed to loadings beyond a certain point Hooke’s law is
no longer valid. The relation between load and deformation is no longer linear and 
the material may not regain its shape when loading ceases. The relation between 
load and deformation, which can also be expressed as a stress–strain relation, might 
look as shown on Fig. 10.1.

Hooke’s law, which states the linear relationship between load and deformation,
is a law of very low generality. It is an empirical generalization that only holds for 
deformations up to a certain limit. Genuine empirical generalizations may be empir-
ically extremely well-corroborated, but they do not play a deep theoretical role and 
they would very easily be revised if observations required it.

Materials that follow Hooke’s law are called elastic. No material is perfectly
elastic, but many materials can be considered as being elastic within a certain range. 
A material is called perfectly plastic if the deformation continues without increasing 
the load, i.e. the stress–strain relation is horizontal. A material is perfectly elastic–
plastic if it is perfectly elastic up to a point and thereafter perfectly plastic. The 
stress–strain relation of such materials is shown in Fig. 10.2.

They do not exist in nature, but they are model objects which give reasonable and 
approximate descriptions of many existing materials. Important examples are many 
types of steel for which these model objects have been used extensively in many 
years.
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Fig. 10.1 General stress- 
stain relation

10 The Tension Between Science and Engineering Design



192

When dimensioning a structural element one can, for a given load, calculate the 
necessary conditions for keeping the deformation inside permissible deformations. 
In this way it is possible to find safety conditions for collapse or yielding. Such 
calculations are based on the elastic properties of the material. That is, it is assumed 
that the material is perfectly elastic up to a certain point, and that the deformations 
are within the range of elasticity of the material. Calculations of structural elements 
of concrete and reinforced concrete have for a long time mainly been based on such 
elasticity properties. The fact that the stress–strain relation is not entirely linear in 
actual materials has been compensated for by using safety factors.

However, one can also try to calculate the necessary strength against yielding
and eventually collapse. Such calculations are based on plasticity theory. A diffi-
culty when doing so for concrete constructions is that it is not known in advance 
which part of the element will participate in the collapse. Consequently, it is not 
possible to reduce the problem to a given single set of differential equations. Another 
difficulty when studying concrete is that concrete is far from being perfectly plastic. 
It has a work curve similar to the one in Fig. 10.1. For small loads it is rather near to 
being elastic but for greater loads it only poorly resembles a plastic material. That 
is, the calculations are based on a model object that corresponds relatively badly to 
the research object. The development of modern plasticity theory has been an 
attempt to overcome these difficulties.

At the beginning of the twentieth century only minor works on structural 
elements of concrete based on plasticity considerations existed. However, in the
thirties a new important and productive development was initiated. In 1931 the 
Danish engineering scientist K.W. Johansen proposed a practical method for calcu-
lation of certain types of homogeneously reinforced slabs. His method was an
extension of a method suggested by another Danish engineer, Aage Ingerslev.

The method was based on the plastic properties of reinforced concrete using the 
often observed fact, that concrete structures, when collapsing, yield at certain lines, 
the so-called yield lines. In the beginning the method was primarily meant as a 
pragmatic way of getting results, and it was justified by empirical observations. But 
later on the idea of yield lines gained theoretical significance. In his dissertation 
from 1943 Johansen writes:

In 1931 I gave an extended technical theory of yield lines. At that time I considered the 
theory as a practical approximation method, but a later review of the experiment convinced 
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me about the reality and theoretical justification of the yield lines. This conception was 
further enhanced by my own experiments with small model plates, and I, therefore, began 
a more comprehensive theoretical investigation which in 1934 led to the mathematical the-
ory of yield lines in slabs. (Johansen 1943)

The theory of yield lines meant an important step towards a method for determin-
ing where in the material yielding would occur, and as such it was a significant step 
in the direction of modern plasticity theory. However, this early theory of yield lines
only made it possible to calculate safe upper bound solutions for load carrying. A 
more complete theory was developed independently by Russian and American 
researchers and published in the fifties. In fact, the Russian formulation coincided 
with the one by Johansen, but it was unknown to the Western World until the fifties. 
The complete theory of plasticity contains methods for calculating both upper and 
lower bound solutions.

As we have seen, it is possible to study structural elements of concrete from two 
different perspectives. On one hand, we can base the theory on elastic properties of 
materials. Within this view concrete is considered as behaving as an elastic material 
up to a load which leads to rupture. Determination of rupture conditions and other 
properties of the material are based on the assumption that the material up to rupture 
is elastic. That gives one theoretical framework on which both practical and theo-
retical analyses of structural elements can be founded. Structural elements are then 
construed as model objects which are within the range of elasticity.

On the other hand, one can assume a plasticity theoretical perspective on struc-
tural elements. Within this view concrete is considered as a rigid-plastic material 
which means that no deformations occur for stresses up to a certain limit, the yield 
point. For stresses at the yield point arbitrary large deformations are possible with-
out any change in stresses. Although concrete is far from being a rigid-plastic mate-
rial it is possible within this framework to develop a general theory of rupture which 
fits experimental data reasonably well.

The existence of these two very distinct theoretical views of concrete reflects 
nicely the situation in engineering science. As it is not possible to deduce material 
properties directly from basic physical theory we must develop theoretical views 
and model objects from experimental observations and those fundamental theories 
which seem to imply the best possible practical methods. We are free to compre-
hend the situation in any possible way as long as it leads to applicable results. Even 
contradictory views may be developed.

Both elasticity and plasticity theory can be developed within existing physical 
theory, and, even though they in many cases may lead to different results, both theo-
ries can be used to solve practical construction problems. However, they cannot
both hold at the same time, and to some extent it is fair to say that none of them are 
right, as they both are based on highly idealized models of concrete. They are con-
structed by generalizing two different areas on the stress strain curve. But they both 
lead to results that are safe and technically applicable. As in the case of Bohr, a 
skilled expert has the capability to select those models and theories that are most 
adequate as tools for solving a given construction problem.
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As an illustration of laws at an intermediate level between principles and 
 empirical generalizations we will present some ideas from plasticity theory. A rigid-
plastic object is characterized by a system of generalized stresses, Q1, · · ·,Qn and 
strains, q1, · · ·,qn. The product

 W Q q Q qn n= + +1 1 ···  

represents the virtual work per unit volume.
There are two fundamental laws which govern objects of this kind, namely the 

yield condition and the yield law.
The yield condition gives information about which combinations of stresses can 

cause rupture. The yield law determines the properties of strains during yielding. It 
says that the strains q1, …,qn must be proportional to the outward directed normal to 
the yield surface which mathematically means
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where λ is a positive constant.
This law, which also is called von Mises’ flow law, can be derived from a general 

variational principle introduced by Ludwig von Mises. von Mises introduced the
hypothesis that stresses corresponding to a given strain field assume such values that 
the work W becomes as large as possible. That is, the material strives against defor-
mation. From this hypothesis and the yield condition it is easy to derive the yield law.

These constitutive equations of plasticity theory are not expressions of universal 
basic physical laws like, say, energy conservation. They are empirical generaliza-
tions based on careful observations of failure properties of various kinds of materi-
als. Although von Mises’ flow rule can be derived from a principle of maximum
work it is still a hypothesis that requires further justification from a more fundamen-
tal understanding of the structure of solids. Until such a deeper explanation is found 
von Mises’ flow rule must be considered as a well-corroborated hypotheses which
has important practical applications. But besides being empirical generalizations 
they also serve as a theoretical framework within which studies of structural ele-
ments can be organized. Therefore, they are intermediate level laws like Newton’s
law of gravitational force and Coulomb’s law of force between charged particles.

It follows from these examples that there are many kinds of natural laws and that 
they can be organized hierarchically with respect to their generality. Laws like 
energy conservation are valid for all kinds of physical interactions, whereas laws 
like Newton’s gravitation law only holds for mechanical interactions. At an even
lower level of abstraction we have the laws of plasticity theory which are valid only 
for bodies which can be considered as approximately plastic, and, finally, there are 
laws which only hold for specific types of material like, for instance, concrete and 
steel. The most abstract laws are also those which are the most difficult to revise 
mainly because they form part of our scientific ontology. They are  epistemologically 
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basic and therefore impossible to revise without changing central parts for our 
 scientific world view, whereas low level laws can be changed when required without 
changing our view of nature.

It is interesting to notice that in many cases a scientific law is first introduced into 
a scientific framework as a rather low level empirical generalization or as a heuristic 
tool to better calculations. An example of this is Johansen’s theory of yield lines 
discussed above. When he introduced this theory in the early thirties he himself 
considered it as a practical method of calculation. But later on, when he studied the 
experimental results more carefully and further developed the idea, he realized that 
the idea of yield lines might have a deeper theoretical meaning. This was further 
elaborated by himself and other scientists around the world, and it finally led to the 
modern plastic theoretical analysis of concrete. Epistemologically, this develop-
ment is similar to the development of the concept of a photon. The idea of light 
quanta was introduced by Einstein in 1905 as a heuristic, mathematical tool. Only 
many years later, in the 1920s, was it realized that light quanta was real particles, 
and only much later was the idea of light particles, i.e., photons, incorporated into 
modern physics. It had to wait until the idea of quantized fields was acceptable.

 Truth and Reality

From the analysis above it follows that scientific statements are claims about model 
objects and not directly about the world as it exists independently of us. Usually 
scientific statements are true for model objects, but they may be false, or at least 
only approximately true, as characterizations of the world. For instance, when engi-
neers calculate the strength of a shin-bone or of a construction element they have in 
mind a conceptual model which is used as a base for setting up their equations. The 
equations give a true description of the model object, and, if they can be solved, it is 
possible to produce true statements about the model object. But the model object is 
not the reality. It is an abstract, idealized, conceptual model of the research object 
which in turn has been transformed by the preparation process.

The test piece of shin-bone is not a human shin-bone. It is a manipulated piece 
which has been cut out of a real human body and has been modified to such an 
extent that it is possible to produce stable measurements on it. Furthermore, it has 
been modified in such a way that only certain important features of it, which are 
related to some of its mechanical properties, have been controlled. The test shin- 
bone, i.e. the research object, is a laboratory artifact. It is a non-trivial problem how 
this object is related both to the real human shin-bone, as it exists in a living human 
being, and to the model object, which is the object that theories are about. Data are 
produced by making measurements on the research object, i.e. the test shin-bone, 
but they are interpreted as claims about the idealized model object. They are used to 
“put blood and flesh” on the Timoschenko beam, that is, data are reduced in such a 
way that they can be considered as statements about the dimensions and oscillations 

10 The Tension Between Science and Engineering Design



196

of the Timoschenko beam. However, the results of this scientific analysis are
regarded as giving information not only of the model object or the research object 
but also about the real human shin-bone. Consequently, data are not only measured 
on an artifact that is fabricated in the laboratory. They are interpreted as being about 
a highly abstract model object and, finally, they are believed to give real information 
about a piece of reality. This complex process where a piece of reality is being 
delimited, generalized, abstracted, idealized and finally identified as the object 
which scientific propositions are about must be reverted in order to give information 
about the original piece of reality.

If these considerations are true they raise serious questions about how scientific 
theories can be said to give true information about the reality. How can highly ideal-
ized knowledge about model objects which are only very remotely related to the 
part of the world they are supposed to represent lead to reliable knowledge about 
actual phenomena in the world? How can we be sure that statements about the
strength of concrete building elements, based on calculations on highly idealized 
model objects, also hold true for real constructions? Fortunately, experience tells us 
that it, in fact, is possible in many cases to base real constructions on theoretical 
calculations. But we still have the epistemological problem of accounting for how 
that is possible.

Immanuel Kant introduced the distinction between the world in itself and the 
world as it appears to us. As we are finite beings and only have limited cognitive 
capacities we cannot know the world as it is in itself. All objects we identify and 
develop knowledge about are already shaped by our form of perception and by our 
conceptual system. Things in themselves are not accessible to us. Only things as 
they appear to us can be known. In science one goes even further. Only objects that 
are abstract and conceptual in nature – model objects – are accessible to scientific 
scrutiny. Hence, scientific statements about the world do not in any sense refer
directly to objects in a world completely independently of us. They do neither refer 
to things in themselves nor to objects as they appear to us in practical life.

This strange situation has motivated some modern philosophers to claim that the 
objects of science – the scientific world – is a social construction. The model objects 
of science are social constructions based on our interests and social attitudes. Our 
theories about these objects are also social constructions. Consequently, science is 
a product of creative imagination that in a serious way is circular. Its conception of 
reality and its theories of this reality are constructions of our mind that are more 
governed by social values than by confrontation with an objective reality.

The social constructivist view has some good points as it is true that science is 
only able to develop true knowledge about model objects and as the construction of 
these abstract objects is inevitably based on our interests and epistemological pos-
sibilities. Furthermore, experiments are in many cases developed in such a way that 
they manipulate objects and processes in our environment with the intention of 
approximating the abstract model objects as closely as possible. When we force 
Nature to “fit our ideas” in this way we very often work with technological con-
structions which are at the borderline of what is technically possible. Usually, the 
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experimental set-up is so complex and badly understood that it is nearly impossible 
to differentiate between real effects stemming from the research object and unex-
pected properties of the experimental set-up. Where to stop an experiment and how 
to interpret the outcome is often a matter of choice. The scientific community makes 
this choice. If we want to avoid social constructivism we must in some way explain 
how “nature strikes back” on our conceptual constructions.

This problem requires a deeper analysis. But let us conclude by suggesting a pos-
sible answer. A scientific theory is rendered true if it holds that (i) its statements are 
true for the model objects (in a correspondence sense of true), and that (ii) the model 
objects sufficiently approximate the research objects. The fit between abstract 
model objects and laboratory produced research objects is difficult to estimate. It 
requires that both kinds of objects are modified, and that involves both conceptual 
reconstructions and engineering of physical objects in the laboratory. These modifi-
cations cannot be done arbitrarily. The conceptual reconstructions must comply 
with consistency and other epistemic requirements and engineering of laboratory 
objects is limited by practical and physical constraints. Consequently, we cannot 
arbitrarily force the fitting process to converge; it may easily diverge and develop in 
a direction that does not serve our interests. If this process diverges or does not sta-
bilize, aspects of the theory under scrutiny will be overthrown not by arbitrary deci-
sions but by being unable to comply with constraints given by Nature.

It is true that scientific experiments always allow several interpretations and it is 
up to us – the scientific community – to choose the one that fits best into our scien-
tific world. Therefore, especially experiments that are at the borderline of what is 
technically possible are not acceptable standards for deciding between truth and 
falsity. They admit several interpretations and our choice must be constrained by 
other norms and standards of the scientific community in order to be uniquely 
determined.

However, sometimes the experimental praxis leads to anomalous situations
where new qualitative properties of Nature show themselves. Such situations con-
stitute natural non-social conditions that often require a reorganization of the theo-
retical framework. The history of science delivers examples of that abundantly. 
Descriptions of these originally anomalous phenomena appear in textbooks, often 
referred to by the scientists involved in their discovery: Newton’s rings, the photo-
electric effect, the Compton effect, the Zeemann effect, the Hall effect, etc. Such
situations, when they appear within a scientific discipline, first of all indicate that a 
phenomenon has appeared which cannot be reduced to irregularities of the equip-
ment and the experimental and theoretical techniques involved. Furthermore, the 
adjustment of the theoretical framework must take the new phenomenon into 
account. This cannot be done in a sociologically free way; it may even lead to 
changes in the social structure of the scientific community.

When these various constraints are respected, the stability and convergence 
between conceptual constructions and laboratory manipulations may lead to a 
worldview which cannot in any sense claim to be a true picture of the reality as it is 
in itself. This claim of metaphysical realism must be given up. But at least the 
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 convergence results in a view that respects the constraints that the world puts on us. 
We do not know what the reality is in itself but we know that it constrains us as just 
described.

This view leads to special problems for engineering design. Usually, new forms 
of design involve processes that are badly understood. We may be able to model the 
processes and construct devices that fit our models. But it is still an open question 
how well the models fit the practical reality, and, therefore, it is often unknown how 
the devices will behave when they no longer are under controlled laboratory condi-
tions. Consequently, engineers face further problems. As scientists they are able to 
build models that to some extent describe and explain natural processes under 
abstract and idealized conditions. But the devices that they design and construct 
must live outside the controlled laboratory conditions. The abstract, idealized con-
ditions may not hold out there and the scope of our scientific theories is too limited 
to cover these circumstances. New technologies must cope with the unknown. Their
ultimate test is historical. Their success will eventually follow from how well they 
are adapted to our practical life. Luckily, it is an incontestable fact that they by and 
large do adapt.
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    Chapter 11   
 Effi ciency Animals: Effi ciency 
as an Engineering Value 

             Byron     Newberry      

    Abstract     In the literature on the study of engineers and engineering practice, the 
pursuit of  effi ciency  is often claimed to be a prime directive for engineers. The 
objective of this chapter is to examine that claim. It starts with an exploration of the 
concept of effi ciency, which has a multitude of meanings, some very technical and 
precise, and some more broad and equivocal. Some important philosophical distinc-
tions are made, such as between the notions of effi ciency as an instrument of con-
servation and effi ciency as an instrument of growth, between effi ciency at a 
micro-scale and effi ciency at a macro-scale, and between effi ciency and effective-
ness. Questions of how the concept of effi ciency relates among the arenas of tech-
nology, nature, and economics are also addressed.  

  Keywords     Engineering   •   Effi ciency   •   Effectiveness   •   Economics   •   Optimization   • 
  Nature  

        Introduction 

 As an engineer who in recent years has become engaged with the philosophy of 
technology and engineering, I am particularly intrigued by the ideas that scholars in 
this fi eld – often non-engineers – have with respect to the methods, motives, or val-
ues attributable to engineers. One such value – which serves as the topic of this 
chapter – is the engineer’s perceived regard for  effi ciency  as a core engineering 
design value. 

 There are many works that discuss the role of effi ciency in technological activity 
in a broad sense – at a societal level – such as in Jacques Ellul’s classic critique of 
 technological society  ( 1964 ). Ellul famously defi nes his all-encompassing notion of 
 technique  as, “the totality of methods rationally arrived at and having absolute 
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 effi ciency in every fi eld of human activity.” In technological society, according to 
Ellul, effi ciency has become the end-in-itself. In a recent homage to Ellul’s lasting 
intellectual infl uence, Wha-Chul Son ( 2013 ) suggests that even in cases where tech-
nological actions are really motivated by values other than effi ciency, such actions 
are often nonetheless justifi ed “in the name of effi ciency,” as if the very invocation 
of the name provides the imprimatur of necessity. 

 More specifi cally for the engineering profession, many authors have suggested 
that effi ciency is a foundational, if not  the  foundational, design value for engineers. 
Carl Mitcham wrote ( 1991 ), “The thesis here is that the internal value constitutive 
of and operating in engineering is the ideal of effi ciency.” Eugene Ferguson ( 1979 ) 
ranked effi ciency as a primary “imperative of engineering.” Stanley Carpenter 
( 1983 ) wrote, quite strongly, that, “Technical effi ciency, with its quantifi ed preci-
sion, is introduced early in engineering education, and its pursuit thereafter by each 
engineer tends to take on a character of a quest for the ‘holy grail’.” More recently, 
Joe Pitt ( 2011 ) wrote that, “For engineers, the design of an artifact or a system is 
approached with questions of utility and effi ciency foremost in mind.” Finally, I 
once heard philosopher of technology Peter Kroes refer to engineers as  effi ciency 
animals , an appellation I subsequently adopted for the title of this chapter. So at 
both the level of technological society in general, as well as at the level of the engi-
neering profession in particular, strong claims are made that give effi ciency a telic 
character. 

 Is this portrayal of the centrality of effi ciency accurate with respect to engineers 
and engineering? For engineering, is effi ciency really a ‘constitutive value’, a ‘pri-
mary imperative’, or the ‘holy grail’? The goal of this chapter is to explore these 
questions. 

 A simple-minded starting point for this exploration was to peruse a bookshelf 
loaded with standard engineering design textbooks. Out of 12 contemporary texts, 
there was not a single entry for the word effi ciency in any index. This does not guar-
antee that the word does not appear somewhere in each of these texts; in fact, it was 
found in all of them. But it was always narrowly construed in the context of a spe-
cifi c problem or example, and was not itself the focus of the ideas being explicated. 
Though not conclusive of anything, this absence from these texts seems at odds with 
the notion that the idea is the  holy grail  of engineering design. This, however, is 
congruent with my own experience as a teacher of design for more than two decades. 
Never has effi ciency been a focus of my course in any general or explicit way. The 
subject does get discussed at times, but, again, in fairly narrow, ad hoc, and context- 
specifi c ways. 

 This discrepancy about the perceived role of effi ciency in engineering suggests 
two possibilities. Either the premise which claims that effi ciency is a quintessential 
value of engineering – what might be called the  holy grail  thesis – is wrong, or, if it 
is correct, perhaps effi ciency is so elemental to engineering, insinuating itself into 
the very fabric of what engineers do, that the tacit centrality of its role has largely 
become transparent to practitioners. In what follows, I will argue that both of these 
statements are correct in their proper contexts. That is, I will argue that effi ciency is 
not a unique, distinctive, or signature value of engineering per se, that it is not 
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 generally pursued by engineers in any macroscopic sense connoted by the  holy grail  
metaphor. However, it is elemental and pervasive to engineering in a microscopic 
sense, in a way that transcends engineering inasmuch as engineering is an economic 
activity.  

    What Is Effi ciency? 

 What is effi ciency? The question may seem trivial since most people have a rela-
tively common understanding of what effi ciency is. Effi ciency has to do with avoid-
ing unnecessary time and effort, with not being wasteful, with getting things done 
in a clever and intelligent way, and with saving energy. But these commonplaces 
notwithstanding, effi ciency is an elusive concept. The fact that engineers have some 
very precise and quantitative defi nitions of it does not necessarily help avoid this 
elusiveness. Returning for a moment to Ellul, Peter Fitzgerald-Moore ( 1997 ) criti-
cizes him for having too non-specifi c a defi nition of effi ciency. “Ellul’s proposition 
conceals…fundamental diffi culties,” writes Fitzgerald-Moore, “…there are very 
many distinct kinds of effi ciency and the concept of a generalized  effi ciency  is not 
very useful.” Likewise, Jennifer Alexander ( 2008 , Kindle Locations 134–135) 
writes,

  Effi ciency is a slippery concept. As the previous examples illustrate, it has taken on not only 
a variety of technical confi gurations but also a bewildering array of more common 
meanings. 

   In the context of engineering science, technical effi ciency is often a precisely- 
defi ned parameter – typically the ratio of output energy or power to input energy or 
power, which provides a measure of how much loss occurs in an energy transforma-
tion process. This type of effi ciency corresponds to what Alexander calls  bounded  
effi ciency. That is, the values are bounded between zero and one, or 0 % and 100%. 
This might also be called an  absolute  effi ciency. A particular numerical value  is  the 
effi ciency in an absolute sense, independent of the observer. And 60 % is more effi -
cient than 50 %, regardless of the perspective. This type of bounded or absolute 
effi ciency can be extrapolated to other situations besides energy conversion. For 
example, effi ciency in a quality control process intended to catch defective parts can 
be defi ned as the ratio of defective parts identifi ed to total defective parts. Again this 
ratio is bounded by 0–100 % and the effi ciency can be referred to as a number, such 
as a defect-catching effi ciency of 98 %. 

 Such measures of effi ciency pervade engineering science textbooks. Interestingly, 
while engineering science texts typically defi ne effi ciencies and then utilize them in 
a variety of quantitative problems, very little is actually said about effi ciency in a 
qualitative or value sense. That is, problems are stated in forms such as, “For the 
given system, calculate the effi ciency,” or, “If the effi ciency of the given system is 
X, calculate its output work.” But it is diffi cult to fi nd in engineering science texts 
many explicit normative statements. For example, if a higher effi ciency is thought 
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to be better than a lower one, that belief is not typically expressed in the text. Perhaps 
the most forceful articulation I found comes from a thermodynamics text, which 
states, “Heat engines are built for the purpose of converting heat to work, and engi-
neers are constantly trying to improve the effi ciencies of these devices since 
increased effi ciency means less fuel consumption and thus lower fuel bills and less 
pollution” (Çengel and Boles  2002 , p. 386). This quote appears more or less as a 
throwaway line buried deep into a text devoted to energy conversion. Thus, in the 
absence of other clues, the overall conclusion one might draw from a collection of 
engineering science and design texts is that engineering students are either expected 
to enter school already having a belief about the purpose and value of effi ciency – 
absorbed perhaps from the wider culture – or to develop such beliefs through infor-
mal professional socialization mechanisms in school and beyond. At fi rst glance, 
the formal mechanisms of engineering education appear to simply teach the proper 
ways for measuring or calculating various effi ciencies without elaborating much on 
their signifi cance. 

 In addition to the energy conversion type of defi nition, there is a more general-
ized set of technical effi ciency measures, a set that comprises a relatively open- 
ended variety of ratios that relate the value of a performance characteristic – or 
output – of an engineered device or system to the value of one of the system inputs 
or resources. Thus we speak of cost effi ciency, weight effi ciency, energy use effi -
ciency, materials effi ciency, time effi ciency, or labor effi ciency. These indicate an 
achievement of some performance objective – strength, say, or speed – with a mini-
mum of, or at least a savings of, respectively, cost, weight, energy, materials con-
sumption, time, or labor. In effect, these are manifestations of a class of technical 
effi ciency measures that derive from an economics-like defi nition of effi ciency. 
Unlike energy conversion effi ciency, which conveys fundamental scientifi c infor-
mation about a physical system or process, these types of effi ciency measures are 
arbitrarily defi ned for the purpose of gauging performance relative to human wants; 
that is, they allow us the opportunity to maximize outputs for a given set of inputs, 
or to minimize inputs for a given set of outputs, in order to further some technologi-
cal or organizational objectives. Also, in contrast to the defi nition of energy conver-
sion effi ciency, which is a dimensionless ratio having a range of zero to one, with 
 one  being an unobtainable perfection, effi ciency in this sense is often a ratio between 
incommensurables, and its numerical value is only meaningful relative to alterna-
tives. For instance, aircraft structural components might be judged on their ratios of 
strength-to-weight, with higher values generally considered more desirable, all 
other things being equal, but with the absolute values being effectively meaningless. 
This is consistent with what Alexander calls  arbitrary  effi ciency measures. They 
might also be called  relative  effi ciency measures. 

 The phraseology is different for these arbitrary or relative effi ciency measures. If 
the tensile-strength-to-weight ratio of a particular steel is 264,000 psi/(lb/in 3 ), one 
typically does not say that the effi ciency of the steel is 264,000. One would say that 
with respect to strength-to-weight, this steel is more effi cient than another type of 
steel that has a ratio of 220,000. That is, one thing is more or less effi cient than 
another by comparison of the values, but a thing does not have an effi ciency value 
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in-and-of itself. Also, in this example the implicit assumption is that a higher 
strength-to-weight ratio is more effi cient than a lower one. This is true in airplane 
design, for example, but it may be just the opposite dam design. Or, to borrow an 
example from Sunny Auyang ( 2004 ), a low drag coeffi cient is effi cient for design-
ing a wing, but it is ineffi cient for designing a parachute. For arbitrary effi ciency 
measures,  more  or  less  effi cient is relative to the objective.  

    Optimization as Effi ciency 

 For most engineering designs, however, there exist multiple performance-based 
relationships of critical importance, which leads to the related concept of optimiza-
tion. Roughly speaking, optimization is the process of trying to achieve the most 
desirable balance of all relevant quantities – “minimizing the most signifi cant unde-
sirable effects and/or maximizing the most signifi cant desirable effects” (Ertas and 
Jones  1996 , p. 292). In the case of the aircraft structural components, we might want 
to optimize – or fi nd the best balance of – relationships between strength, stiffness, 
weight, machinability, environmental tolerance, availability, and cost. The typical 
result is a situation in which none of the individual effi ciency relationships – such 
as strength-to-weight, for example – achieves the level it has the potential to achieve 
independent of other considerations. Rather, analogous to economic Pareto- 
optimality, a compromise is sought such that no relationship can be further improved 
without an unacceptable degradation in another. In biological evolution, this is 
known as the  principle of frustration : “This principle captures the notion that differ-
ent needs will often have (partially) confl icting solutions, so that the overall optimal 
design for an organism will rarely be optimal for any of the specifi c tasks it needs to 
perform” (Marshall  2006 ). 

 Regarding optimization, and lending credence to the  holy grail  thesis, engineer 
Walter Vincenti writes that optimization is “a constant element, implicitly or explic-
itly, in engineering thinking. For the engineer optimization has the nature of an 
ethos” ( 1990 , p. 165). Optimization methods, from relatively simple heuristic 
approaches, to more sophisticated mathematical computations, are discussed to 
varying extents in many engineering design texts. As Herbert Simon ( 1996 ) points 
out, however, such methods result not in real-world optimal solutions, but rather in 
satisfactory ones – ones that are deemed acceptable given the fi nite bounds on our 
knowledge and resources. And, importantly, whether in economics or in engineer-
ing, formal optimization efforts typically occur at lower, rather than higher, levels; 
that is, optimization methods are most likely to be applied to arranging deck chairs 
in the most effi cient way, whereas the ship itself was likely set sailing on the basis 
of a top-level, experienced-based, exercise of judgment and/or speculation. Put 
another way, formal optimization methods always presuppose a generic design that 
has been articulated well enough to create a mathematical representation of it, to 
defi ne an  objective function  that rationalizes the balance of desirables and undesirables. 
Thus the optimization is local in the sense that we might fi nd the “best” solution 
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within the bounds of our assumed optimization space, which includes a generic 
design morphology, along with constraint factors that we have identifi ed as impor-
tant. But there is no guarantee that our generic design is at or near the optimum of 
the set of all possible generic designs, or that the constraint factors that we have 
included represent the most relevant or most complete set we could have defi ned. 
The initial – and higher-level – choice of the generic design and constraints might 
often be made on the much more informal basis of experience, socio-cultural prefer-
ences, habit, and so forth. 

 Common in design texts are quantitative optimization example problems, such as 
fi nding the optimum spacing and positioning of towers along a route for an electri-
cal transmission line. Presupposed in the problem, however, are the route and the 
design of the towers themselves, both of which could of course be different, not to 
mention that the higher-level decisions that led to the choice of having an electrical 
power transmission line in the fi rst place are taken for granted. Further, it is diffi cult 
to include in such optimization procedures factors such as social and environmental 
impacts of the transmission line, including aesthetic concerns, habitat alteration, 
and so forth. Thus, the results of an optimization calculation may ultimately be 
modifi ed or overruled altogether by other, more intangible, considerations. This is 
not to say that optimization procedures are not useful, just that they are never opti-
mum in some macroscopic sense, and are typically most useful in defi ning lower- 
level details once higher-level decisions have been made. Auyang ( 2004 ) writes, 
“To assert what is the best is diffi cult….Engineers are too hardheaded to dream 
about the universal best, which anyone sensible knows to be infeasible. Optimization 
theories aim at the best relative to a specifi c objective criterion and a range of 
options and constraints.” Likewise, engineer Billy Vaughn Koen ( 2003 ) says that 
engineering optimums do not “pretend to be the absolute best in the sense of Plato,” 
only best relative to the specifi c objectives people have. 

 But what objectives ought people to have. Just because something can techni-
cally be made more effi cient according to a specifi c criterion, or optimized relative 
to a specifi c objective function, it does not follow that we have done anything mean-
ingful, useful, or good. “In a society of cannibals,” writes Koen colorfully, “the 
engineer will try to design the most effi cient kettle” ( 2003 ). 

 Judging by the example problems in textbooks, we might guess that maximizing 
a ratio of just about any desirable thing relative to cost is universally good, while, as 
we have seen, maximizing strength-to-weight ratio, for example, is good in certain 
applications, but is indifferent – or even undesirable – in others. But once again, 
engineering textbooks largely seem to suggest, via their silence, that beliefs about 
the kinds of relationships among variables that should be valued are either patently 
obvious, are context dependent, or are otherwise externally acquired. 

 Effi ciencies or optimums are ostensibly pursued in a utilitarian fashion, for their 
effectiveness in furthering the pursuit of our current goals. Effi ciency “cannot be 
said to be an intrinsic value if it is primarily an instrument for implementing the 
other values that defi ne the context of its use” (Alexander  2008 , Kindle Locations 
150–151). But when effi ciency targets are set, or objective functions for optimiza-
tion defi ned for a specifi c end in a specifi c context, they risk being undeservedly 
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reifi ed if conceptually divorced from those ends and contexts. As a result, achieving 
some optimum or some measure of effi ciency can potentially seduce one into think-
ing that such an achievement is objectively good, or that one has advanced toward 
the positive end of some absolute scale. In reality, the achievement is such only rela-
tive to the limited criteria that were set in the beginning. Someone else with differ-
ent criteria can just as easily defi ne and pursue different effi ciencies or optimums 
for purposes that may be orthogonal. As Fitzgerald-Moore ( 1997 ) writes, “effi cien-
cies are often in confl ict or contradiction with one another.” 

 This observation provides a good entrée into another meaning of effi ciency. 
Sometimes phrases such as “the effi cient use of resources” mean more than simply 
saving money on the inputs to a process; rather, a concern with the long-term pres-
ervation of some set of resources is literally implied. Effi ciency in this sense is 
related to the notions of sustainability and conservation. The normative content of 
this meaning of effi ciency is fairly clear; a high value is placed on maximizing the 
long-term stability of either some specifi c resources or of the biospheric system in 
general. A distinction can be made between couching effi ciency in the language of 
scarcity and couching it in the language of plenty. In cases of plenty, effi ciency 
promises more, bigger, and better. In cases of scarcity, such as is implied by the 
conservational meaning of effi ciency, the effi ciency is required to preserve what 
exists, if even that is possible. It is fairly easy to illustrate the confl icting nature of 
effi ciencies using this meaning. Sustainability-related effi ciencies are frequently 
perceived to be at odds with economic effi ciencies defi ned in terms of profi t and 
growth by individuals, corporations, or societies. This distinction roughly parallels 
Alexander’s ( 2008 ) distinction between  static  and  dynamic  effi ciencies, or the effi -
ciencies of equilibrium and growth. Distilled to their essence, defi nitions of effi -
ciencies defi ne things upon which people place value, and provide a quantitative 
metric for assessing that value. But different people, or the same people at different 
times and in different circumstances, value different things. “Subsuming effi ciency 
in context suggests that it is a shell, ready and waiting to take on the values and 
objectives of whoever uses it but with little content or character of its own” 
(Alexander  2008 , Kindle Locations 142–143). 

 When put this way, effi ciency appears less of an  end  and more of a  means . This 
is the point Alexander makes when she writes that effi ciency is a tool that allows us 
to bring things under our control. Effi ciency can be put in the engineering toolkit 
alongside scientifi c understanding, methods of visual representation, methods of 
reduction and simplifi cation, and other forms of knowledge and technique that engi-
neers routinely utilize to achieve their aims. Auyang writes, “It is important to note 
that the choice and evaluation [of objectives and constraints] are made by engineers, 
who use optimization theories as tools and stay outside the theories” ( 2004 ). 

 But saying that effi ciency is more properly a  means  than an  end  does not neces-
sarily make the case that effi ciency is not somehow an overarching goal of engineer-
ing; it does not in itself guarantee that it has not taken on the character of an end. As 
the old saying goes,  to a man with a hammer, everything looks like a nail . The 
implication is that while a hammer is clearly a tool, a person who has a hammer may 
make fi nding things to hammer his or her end objective. Or more generally, those 

11 Effi ciency Animals: Effi ciency as an Engineering Value



206

who possess what they consider to be a powerful tool or technique, may come to 
extol the virtues of that tool or technique to the point of making the application of it 
an end in itself, an elixir to cure all ills. And this effect is likely a factor in why 
people – including engineers – seem to have a very defi nite popular notion of effi -
ciency as being something inherently desirable, despite the fact that the popular 
meaning is rather vague and ambiguous. 

 One way this can manifest itself is when someone argues  this  instead of  that  
should be done because  this  is more effi cient, without a clear defi nition of effi cient. 
Others may be confounded, at a loss as to how to counter that argument. This is the 
point made by Son ( 2013 ), that often effi ciency is blindly invoked as justifi cation. 
Two subtle things have happened in such an argument. First, a  specifi c  or  limited  
defi nition of effi ciency has been confl ated with the more  general  notion, which 
preys on prevailing perceptions that to disregard effi ciency would be some sort of 
sacrilege. Second, effi ciency has been slipped into the role of primary decision- 
making criterion, the trump card. And these are likely the effects that bothered Ellul 
in his wide-ranging criticism of the pursuit of effi ciency: (i) that considerations of 
effi ciency had become  the  litmus test for decision-making, rather than simply 
informing the decision-making process, and (ii) that the specifi c defi nitions of effi -
ciency upon which decisions are made are mistakenly viewed as essential rather 
than arbitrary, and might most often be ones favorable to specifi c interests, rather 
than to society at large.  

    Engineering, Nature, and Economy 

 It is instructive to note that while Vincenti ( 1990 ) asserts that optimization is a per-
vasive element of the engineering ethos, he fi rst qualifi es that assertion by recogniz-
ing that optimization is in no way unique to engineering – that optimization alone 
cannot be used as a basis for differentiating engineering from some other types of 
activities. In fact, my own thinking about this topic was initiated from a non- 
engineering source – upon rereading Darwin’s  The Origin of Species  in preparation 
for a teaching a history of science course. Darwin writes,

  [N]atural selection is continually trying to economize in every part of the organisation. If 
under changed conditions of life a structure before useful becomes less useful, any diminu-
tion, however slight, in its development, will be seized on by natural selection, for it will 
profi t the individual not to have its nutriment wasted in building up a useless structure. 
( 1985  Penguin Edition) 

   What Darwin calls economizing, might now be called  fi tness  optimization, an 
effi cient allocation of resources that increases the organism’s chance of success in 
the face of competition and scarcity. Care must be taken, though, with the 
 terminology. Nature, through evolution, does not strictly optimize. Optimization 
implies a conscious evaluation of a range of options followed by the selection of the 
one which best accomplishes an objective. Nature does not perform a predictive 
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evaluation of options, and it knows nothing of  best . Nor does it have objectives. 
Rather, nature proceeds by a trial-and-error method that can only build upon exist-
ing structures and which charts a historically contingent course that is guided by 
differential success in the presence of potentially fl uctuating resources and con-
straints. People often tend to overlay their interpretations of that success post facto 
in terms of effi ciencies. This must be kept in mind even though the language may be 
used loosely in what follows. 

 Darwin’s choice of the word  economize  is instructive. An economy, defi ned as an 
arena in which resources are extracted, produced, allocated, and consumed by enti-
ties competing for their own welfare and propagation, holds the key to the notions 
of effi ciency and optimization, whether that arena is a natural ecology, a household, 
an organization, or a society. “Economics,” writes Auyang, “features decision mak-
ers, households and business fi rms, each intentionally trying to fi nd what is best for 
itself. They are engineers except they are designing different sorts of things” ( 2004 ). 
And when discussing optimization and satisfi cing   , Simon draws frequent parallels 
between processes in biological evolution, market economics, and technological 
development. Technological development is itself wholly subsumed under the 
umbrella of socioeconomic activity more generally conceived. “The ‘demand’ for 
technology,” writes Joel Mokyr ( 1990 , p. 151), “is a derived demand, that is, it 
depends ultimately on the demand for the goods and services that technology helps 
produce; there is little or no demand for technology for its own sake.” 

 But when we talk about effi ciency and optimization in real-world economies, 
whether natural or social, we are invariably talking about  localized  effi ciency and 
optimization. Like falling drops of water molded into teardrops by the pull of earth 
and the push of wind, economic entities continuously streamline, other things being 
equal, in response to the pressures of their respective arenas. But such streamlining 
is myopic; for nature, strictly so, and to varying degrees for human-constructed enti-
ties. The water drop knows nothing of the ground upon which it will soon fall, the 
organism knows nothing of the invasive species against which it will soon compete, 
and the company may know little of the incipient technological development that 
will soon render its products obsolete. Yet all continue to optimize – to be molded 
by their environment, consciously or unconsciously, into more effi cient forms or 
behaviors. But that environment is potentially an ephemeral one, so what is effi cient 
today may in fact be terribly ineffi cient tomorrow. 

 This might be called  micro-effi ciency , the ineluctable tendency of a given eco-
nomic entity to pursue effi ciency within a context that pits its current internal mor-
phology against its short-range (both spatially and temporally) external environment. 
With respect to technological change in particular, Mokyr ( 1991 ) distinguishes 
between  microinventions  and  macroinventions , where microinvention denotes the 
stream of improvements that a technology, once developed, undergoes with time in 
an effort to make it more and more effi cient. This is congruent with the meaning of 
micro-effi ciency intended here. It is also consistent with what is called in the 
 economics literature  process innovation  (e.g., Adner and Levinthal  2001 ; Quintanilla 
 1998 ). Process innovation is the streamlining over time of both the basic product 
design and the production process for that product for the sake of economic 
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 effi ciency. Interestingly, and germane to an important point to which we shall return, 
process innovation starts out relatively slowly at the birth of a new technological 
product type, reaches a peak of activity sometime in the midlife of that product type, 
and then decreases as the product type ages. In this timeline, which is subject to 
great variation, a newly conceived product type exploits some opening in the eco-
nomic arena and may enjoy a period of relatively unfettered success. Only after 
competition arises does the need to optimize fully assert itself. This need intensifi es 
in concert with the competition until eventually a point of diminishing returns may 
be reached and further improvements are exhausted. 

 But as is well known in both biology and economics, this pursuit of micro- 
effi ciency, in and of itself, holds no guarantee for effi ciency or optimization on a 
more global scale; entities often condemn themselves to paths of extinction, or else 
marginal existence in backwaters of the economic arena as substantial changes 
occur in the external conditions of that arena. One needs only to think of horse- 
drawn carriages and mechanical watches. Entities sometimes can even enjoy vari-
ous degrees of long-term success having locally optimized what globally is 
recognized as a non-optimal situation. This phenomenon has been explored in-depth 
in the literature on the economics of technological change under the headings of 
 path dependence  and  lock-in  (e.g., Cowan and Gunby  1996 ; Stack    and Gartland 
 2003 ; Arthur  1989 ; Liebowitz and Margolis  1995 ). In these cases, the development 
of a technology along a globally non-optimal path (as a result of the inevitable myo-
pia that exists) results in the non-optimal technology becoming permanently 
entrenched because of the daunting economic costs of later switching to a better 
path once that better path becomes known. But these persistent technological inef-
fi ciencies are in a real sense still economically effi cient when factoring in the trans-
action costs associated with correcting them. 

 Gains in micro-effi ciency are not guarantees of any long-term or long-range 
effi ciency or optimization; i.e., they do not guarantee  macro-effi ciency . They are 
not leading monotonically toward some social, economic, technological, or natural 
optimum. They lead instead toward some local maximum, which could be a stagna-
tion point, or could be wiped out altogether with changes in the landscape. So the 
whole notion of pursuing effi ciency is a localized, not a generalized, concept. 
Earlier, I suggested optimization occurs more often at lower, rather than higher 
levels of abstraction. Similarly, it occurs in engineering and socioeconomic systems 
more often in the shorter-range, rather than in the longer-range. Human-constructed 
systems can be optimized, or made more effi cient, with intentionality, as opposed 
to natural systems that cannot. But when human socio-technological systems are 
taken in larger, more complex aggregates, and as they operate over longer time 
spans, the intentionality becomes noisy and the types of effi ciency that prevail 
degenerate closer to those of nature. Intentional optimization depends on prediction 
and control, both of which become more diffi cult with increases in scale and com-
plexity. In short, while we can make a product or manufacturing process more effi -
cient, and likewise with a company’s fi nancial operation, the overall long-range 
development of economies and technologies are historically contingent and largely 
unpredictable. 
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 The pursuit of micro-effi ciency is an imperative of economic entities inasmuch 
as competition is a fact of economic arenas. Engineers, as agents of economic enti-
ties and designers of economic goods, are unquestionably immersed in and contrib-
ute to that pursuit, and quite often do so consciously and deliberately. This fact 
undergirds the suggestion that effi ciency is elemental to engineering, and in two 
main ways. First, many of the problems to which engineers get assigned are prob-
lems of optimizing technologies for the sake of incremental gains in effi ciency. And 
second, engineers, just as much as other people, are possessed by the ghost of  homo 
economicus , and therefore have an intrinsic understanding of, and susceptibility to, 
the imperatives of economic effi ciency. 

 The other half of the equation is exemplifi ed by Mokyr’s  macroinventions , or 
economists’  product innovation  – development with the primary aim of  effective-
ness , in contrast to  effi ciency . My thinking about these notions was infl uenced by 
the work of biologist Geerat Vermeij. Vermeij writes,

  I believe the emphasis on effi ciency is misplaced. Economic success depends on absolute 
performance, and very often – in human-economic contexts as well as in the evolutionary 
marketplace – high levels of performance go hand in hand with reduced effi ciency. (Vermeij 
 2004 , p. 124) 

   There are basically two ways to increase power or performance. One is to become 
more effi cient; that is, to fi nd ways to increase the system output for a given set of 
inputs. The other is the brute force method of simply consuming more inputs, 
regardless of how effi ciently they are used. In fact, with suffi ciently elevated quanti-
ties of inputs, losses in effi ciency can still correlate to gains in output. Which path 
an economic entity takes, according to Vermeij, will depend on the competitive 
nature of the environment and the availability of resources. “Although supply of 
resources dictates what level of metabolism can be achieved, it is demand – imposed 
by consumption and by competition – which drives some entities toward higher 
metabolic rates” (Vermeij  2004 , p. 136). 

 A good example of this comes from the work of Anders G. Finstad and col-
leagues (    2011 ) on energy effi ciency of salmonid fi shes. They found that Arctic char 
convert input resources (food) into body mass twice as effi ciently as brown trout, 
which might seem like a signifi cant advantage for the char. But the more docile char 
only outcompete the trout in colder, resource-poor environments. The char might be 
said to adopt a static, equilibrium, or conservative effi ciency strategy, a strategy that 
enables them to extract the most benefi t from meager resources. In contrast to the 
char, in warmer, more resource-rich environments, the less effi cient (in terms of 
food-mass conversion) trout grow dominant by aggressively consuming resources 
in such high quantities that they more than offset their greater “wastefulness” in 
converting those resources. They might be said to adopt a dynamic, growth-oriented 
effi ciency strategy. But the trout’s strategy is dependent upon sustained high levels 
of resources. 

 Vermeij provides other detailed data on the various types and classes of organisms 
with respect to energy consumption and biomass production. Higher performance 
organisms, ones typically larger, more complex, and higher in the food chain – ones 
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we might say have superior natural technology – have a much higher ratio of energy 
consumed to biomass produced than lower performance organisms. That is, in the 
overall natural economy their biomass energy conversion output-to- input ratio is 
relatively poor. But that overall ineffi ciency is secondary to the absolute economic 
power conferred by the high metabolic rate. Flying organisms, for example, com-
prise the class of organisms with the highest energy consumption per unit of body 
mass. But the benefi ts for evolutionary success of exploiting air as a transport 
medium, which include speed of fl eeing and/or pursuing, range of forage, and sea-
sonal migration to avoid weather extremes, are worth the investment, provided the 
resources are available to sustain consumption levels. Cold-blooded animals, 
according to Vermeij, absorb energy passively from the ambient environment and 
are thus at the mercy of environmental conditions for their physiological perfor-
mance. Warm-blooded animals have invested in their own internal power- generation 
mechanisms, which provide them with more autonomy from the current thermal 
conditions of the environment, but at the cost of committing them to dependency on 
a consistently abundant food supply. But this in turn requires the existence of an 
overall large economy. Large, high-performing mammals, for example, aren’t gen-
erally found on smaller islands due the inability of the economy to supply the req-
uisite resources. And warm-blooded animals have energy conversion effi ciencies, 
for example, an order of magnitude below those of cold-blooded animals. “In fact,” 
writes Vermeij,

  …a problem for active warm-blooded animals is disposing of excess heat produced by an 
ineffi cient engine. This is why we sweat, dogs and birds pant, and bees and termites venti-
late their nests. In our technological world, internal combustion engines and atomic power 
plants give off vast amounts of unused heat, but their power yield is so great and provides 
such clear economic advantages that their ineffi ciency is tolerated, much as it is in warm- 
blooded animals. 

 …In all economies…effi ciency becomes important when power is low and output can-
not be increased in absolute terms. This occurs when energy or raw materials are suffi -
ciently scarce that reducing the cost of acquiring them is the only way of not losing ground. 
Increases in power, however, are suffi ciently benefi cial that considerations of effi ciency are 
secondary, especially if productivity also benefi ts the supply of raw necessities. In such 
cases, absolute performance is far more important than effi ciency. Thus it pays to be effi -
cient for subordinate members of an economy, and it pays to increase in performance for 
those in power. ( 2004 , p. 125) 

   In concert with this development of macroscopic ineffi ciency – justifi ed on the 
basis of exploiting an open avenue for economic power – is a parallel process of 
micro-effi ciency. For example, over time fl ying organisms evolve lighter weight tis-
sues, more streamlined shapes, and more precisely tailored fl ight mechanisms (just 
as human fl ight technology has). This is the process described earlier as process 
innovation or micro-invention. But such trends in micro-effi ciency, while increasing 
an organism’s competitive advantage incrementally, will never completely reverse 
the overall commitment to very high levels of consumption inherent in the base 
technological adaptation.  
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    Ineffi cient Specifi cations 

 In a similar way, technologically advanced societies have levels of per capita 
resource consumption many times greater than those of most less developed coun-
tries. They also have greater absolute levels of economic power. But they are not 
necessarily more effi cient in terms of the ratio of economic output to resources 
consumed, and often less so. Technologically advanced societies are analogous to 
organisms with high metabolic rates. The investment in energy intensive technology 
confers power in the form of better control over wider ranges of resources, the abil-
ity to specialize and decentralize functions, the storage of vast reserves, quicker 
response times, and more fl exibility in adaptation, all of which tend to buffer the 
entity against the uncertainties of short-to-medium-range spatial and temporal fl uc-
tuations in the environment of the economic arena. The Faustian bargain for this 
economic stability is the dependence on long-term, sustained, and abundant inputs. 
The book  Collapse  by Jared Diamond ( 2005 ) chronicles past societies whose 
technologically- driven, rapid metabolisms exhausted their input resources, leading 
to precipitous societal failures. This is the ultimate in macro-ineffi ciency, and it 
parallels the extinction of higher-performing species in the wake of major environ-
mental changes, species which have staked their economic power, stability, and 
success on high levels of resource consumption. 

 Consider the example of the  sport utility vehicle  (SUV) type automobile, which 
is quite popular in the United States. For the automobile manufacturers they are 
economically effi cient in that they produce large profi ts due to high demand. But 
why are they in high demand? They are expensive both to buy and to maintain. 
From a technological point of view, it could be argued that they are ineffi cient. But 
they do confer absolute economic power, provided the resources are available to 
sustain them. They provide safety to the passengers in collisions. They enable the 
transport of many persons at once. They can be used to pull a trailer. They can go 
into four-wheel-drive mode and drive through mud. They confer prestige. For all 
these reasons they provide a much wider range of performance than many other 
vehicles, and so confer economic power. But for most owners the vast majority of 
miles driven by SUVs are not driven in the mud, nor with the trailer, nor carrying 
the soccer team. The vast majority of miles are driven by a single person to the store 
to get milk, or some such. Because of that, the powerful, low gas mileage engine, 
the large body size and corresponding heavy materials consumption, the expensive 
four-wheel-drive systems, and so on, are grossly underutilized and hence effectively 
wasted except for occasional events. The economic power that the vehicle confers 
with its wide range of abilities is at the expense of tremendous resource consumption, 
resources that are largely held in reserve due to the extremely low duty cycle of 
extreme requirements on the vehicle. We might compare it to a lion, a large powerful 
animal with a high metabolic rate, but which spends large amounts of time inactive, 
burning resources on idle, and only utilizing its high performance characteristics 
sparingly. And like the lion, its continued success is dependent on the abundance of 
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resources, whether large herds of game, or large herds of deep-pocketed consumers 
coupled with large deposits of oil and iron. 

 So in many respects SUVs are not effi cient from a technological point of view. 
They are favored because they increase power and performance, at least so long as 
resources are abundant (and in fact their favored status fl uctuates with resource 
availability in terms of fuel prices, wages, etc.). But we could also consider them 
effi cient in other respects, such as relative to personal convenience or corporate eco-
nomics. And engineers are constantly engaged in making the fi ner details of both the 
vehicle designs and their production processes more effi cient. Thus, economic entities 
are engaged in parallel processes of pursuing micro-effi ciency and macro- power. In 
the former, an entity seeks to fi nd ways to get more for less from its current techno-
logical paradigm, and this is compatible with our typical notions of effi ciency. In the 
latter, an entity seeks to develop new technological paradigms that confer greater 
economic power by either exploiting new resources or exploiting old resources in a 
new way, and this represents an absolute increase in performance made possible by 
the availability of resources that may in fact be used ineffi ciently. Engineers are 
instrumental in the achievement of both objectives – pursuing savings through effi -
ciency and exploiting resources for power-enhancing innovation. And while engi-
neering considerations constrain and infl uence both objectives, the objectives 
themselves are socioeconomically mediated. For the engineer, the common denomi-
nator for both kinds of work is the notion of  specifi cations , and if effi ciency is ever 
a design value in any macroscopic sense, it is only so because it was specifi ed to be 
so. If there is a  holy grail  of engineering it is surely the  meeting of specifi cations . 

 I have previously worked as a structural analyst for a large aircraft modifi cation 
company, and in the course of that work had the occasion to inspect work being 
done to a 747 that belonged to the monarch of an oil-rich country. Since the mon-
arch was himself a pilot who occasionally liked to fl y his own plane, the aircraft’s 
throttle was quite literally gilded. That is just one example of what might be consid-
ered excesses that were part of the aircraft’s design, excesses that seemingly vio-
lated the rules an aerospace engineer would consider part of good, effi cient aircraft 
design. For another example, a different customer desired to install a granite confer-
ence table in an airplane. Not only was the weight of a granite tabletop contrary to 
the aircraft design principle of choosing the lightest weight materials, but its suscep-
tibility to cracking required engineers to design an elaborate mounting system that 
would allow the table to fl oat stress free while the underlying structure to which it 
was attached fl exed during fl ight. Counterintuitive (with respect to effi ciency) 
designs such as these happened because they were specifi ed by a customer possess-
ing the resources to afford such ineffi ciencies. The engineers worked to meet those 
specifi cations in as effi cient or optimal a way as practical. But such effi ciency or 
optimality was only local, defi ned within the context of what might be considered 
globally ineffi cient or even outrageous specifi cations. 

 In describing the phases of matter to students, science teachers will often defi ne 
a gas as having neither defi nite shape nor volume, but rather expanding to fi ll the 
limits of the space that ultimately constrains it. Similarly, the work of engineers will 
often expand to fi ll the limits of the specifi cations that constrain it. In teaching engi-
neering design, I have the students work on projects in which they must design, 
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build, and test an electromechanical (mechatronic) device. The specifi cations given 
to the students defi ne performance objectives, and constrain the design with respect 
to such factors as budget, time, physical size, and energy sources. These constraints 
are imposed with a general rationale related to effi ciency (i.e., practical resource 
limitations), but the particular values chosen for the projects are somewhat arbitrary 
and can reasonably vary by an order of magnitude or more. While there may be a 
practical lower limit on the constraint levels (that is, a particular set of performance 
objectives may not be practically achievable below certain levels of cost or size or 
energy, say) there is not as clearly an upper limit (that is, more resources could 
always be invested in the design). 

 My anecdotal experience is that when constraints are set near the lower limit, 
issues of effi ciency come to the forefront and signifi cantly infl uence solution 
approaches. If constraints are set much more loosely, a highly effi cient design is still 
very much a possible solution, but it will generally not be realized in the presence 
of excess resources. Questions of effi ciency typically fade into the background, and 
the designers will absorb those excess resources into enhancing the power of the 
device or system; that is, making it more robust, more fl exible, more accurate, or 
more elegant. In fact, the particular  value  which excess resources are employed to 
enhance varies greatly with individuals and teams. 

 One of my engineering students once wrote in an essay on engineering, “An 
engineer as an individual is not interested in adhering to tight schedules, nor to 
minimizing cost.” His suggestion was that effi ciency, rather than being the  holy 
grail  of engineers, is more appropriately the  bane  of engineers because it constrains 
what they truly want to do, which is to make things that are bigger, faster, more 
powerful, and more sophisticated. This sentiment complements the  macroinvention , 
or  innovation , side of engineering. But engineers also operate in the 
 microinvention / process innovation/micro-effi ciency  world in which technologies 
and products are continuously refi ned and improved for effi ciency’s sake. But in 
these cases, issues of effi ciency take on the explicit role of performance objectives 
rather than constraints. That is, the problem may be to fi nd a way to manufacture a 
given product for ten percent less cost. In that case, that gain in effi ciency itself 
becomes the technological challenge, and as such can become the focus of the engi-
neer’s drive for technical achievement and satisfaction, not because it is effi ciency 
per se, but simply because it is now the performance specifi cation to be conquered. 
And conquering performance specifi cations is what engineers like to do.     
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                Introduction 

    Jen     Schneider      and     Wayne     Ambler    

      Entitled “Engineering Values and Normativities,” this part features chapters united 
by their concern to explore the values that engineers do or should act upon in their 
professional work, as well as the way their work infl uences the values – and, indeed, 
the entire lives – of those who live in a world that is increasingly engineered. As 
Winston Churchill put it, in a quotation we borrow from Chap.   14     by Sylvain 
Lavelle, “We shape our dwellings; thereafter, our dwellings shape us.” In other 
words, the interplay between the values engineers share, and the way engineering in 
turn shapes the values of us all, our physical and metaphorical “dwellings,” is of 
special interest in these chapters. 

 Since the values pursued by engineers will often be infl uenced by their educa-
tions, the professional associations to which they belong, the society of their fellow 
engineers, and the larger historical and social contexts in which they live and work, 
the articles in this part take up the question of engineering values in diverse ways. 
One question several chapters ask, however, is whether the engineering profession 
makes engineers more ethical, or whether it in fact narrows their vision in some 
way. Or is it both? Martin Meganck in Chap.   12     “On the Normativity of 
Professionalism” suggests that it is perhaps neither: “professionalism” for engineers 
differs wildly across historical and cultural contexts and, in the fi nal analysis, the 
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foundation for professional ethics may rest most basically on one’s “ordinary 
 morality,” rather than on any professional ethics that might be imparted simply by 
dint of being an engineer. 

 Other work in this part suggests that while the philosophical foundations of engi-
neering ethics may rest on one’s “ordinary morality,” the presence of engineering 
cultures shapes and is shaped by engineering attitudes toward the political. Christelle 
Didier and Kristoff Talin in Chap.   13     argue that political valences such as a ten-
dency to discount or underestimate ecological challenges are endemic to French 
engineering, thus putting engineers out of step with general French sentiment. Jen 
Schneider, Abraham Tidwell and Savannah Fitzwater in Chap.   15     demonstrate this 
mechanism in detail in the case of nuclear engineers, who remain largely apolitical 
on the question of climate change, while the industry around them constructs 
 contradictory narratives and silences about the connection between global warming 
and nuclear power. 

 In short, the relationship between engineers and neoliberal economic systems, 
which tend to exclude non-economic concerns from public deliberation or consid-
eration, is one that is explored elsewhere in this edited collection, and serves as an 
implicit backdrop to many of the arguments in this part. Indeed, Chaps.   17     and   18     
look more to the larger societies in which engineers work in order to track how the 
social shapes engineering. Chapter   17    , by Carl Mitcham and Wang Nan, traces the 
historical development of engineering ethics, beginning with its early emergence in 
the German context. This early history would surprise those who believe engineer-
ing ethics began in the U.S.; they might also be surprised to see China included 
alongside the Netherlands and Denmark as key countries contributing to engineer-
ing ethics as we know it today. This decentering of American and European hege-
mony adds nuance to our understandings of history. 

 Wayne Ambler’s Chap.   18     “Guiding Gulliver: Challenges for Ethical 
Engineering” directs our attention to the ways in which politics and economics 
shape the kinds of questions engineers are called to address. Engineering is power-
ful, Ambler argues, yet we do not often enough ask, “What ends should this power 
serve?” How is “Gulliver” to be guided in a political age in which corporations 
wield outsize power, the philosophical zeitgeist is one of moral relativism, and we 
must heed national imperatives? This leads to a complex landscape indeed for deter-
mining what “good” engineering is for. 

 Both of these chapters are perhaps surprisingly inclined to stress the philosophi-
cal context or zeitgeist that envelops practicing engineers. While several of the arti-
cles included here also note the infl uence of engineering on the larger society, be it 
direct or indirect, it is especially Chap.   14    , Sylvain Lavelle’s study of engineering 
as a way of world-making, that is focused on this. All recognize that engineering 
produces technological artifacts, but Lavelle shows how this can be tantamount to 
designing and producing a world for those who use them. As both this chapter as a 
whole and the Churchill quote above suggest, engineering is simultaneously infl u-
enced and infl uencing, even at the level of general societal and philosophical 
values. 
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 Several chapters in this part, therefore, speak globally about challenges engineer-
ing must face. Others, however, are more closely devoted to particular issues that 
are of decisive importance today. They offer, respectively, insightful introductions 
to the relationship between engineering and environmental issues, nuclear power 
and climate change, and the coming smart grid. Returning to the infl uences that act 
upon engineers, it is no small matter that engineers are professionals and belong to 
professional associations, at least in most countries. Consequently, they have spe-
cial codes of ethics to follow, and they have an infl uential group identity, one they 
would like to protect and enhance. But to say that this is important is not yet to say 
what effect this infl uence has in complex cases. To explore the role of this profes-
sional culture, several articles in this part take up the following questions:  differences 
between the professional associations for law, medicine, and engineering; the 
 dilution of the term “professional”; the risk that a narrow understanding of one’s 
profession may blind one to larger ethical questions; and the extent to which mem-
bership in the profession infl uences such judgments as the importance or unimpor-
tance of the environment, effi ciency or optimization in general, and the need to take 
climate change into account. To simplify these complex chapters for the sake of a 
general introduction, we may say they share a concern that even as the profession 
seeks higher standards of ethics, it may end up fostering more insular ones. 

 That engineering is a profession, in other words, has consequences. Having 
sketched some of these with a broad brush, let us touch upon some particular points 
of special note. No one who reads these chapters will be able to forget that Albert 
Speer, Hitler’s architect, was a professional. That he was one will serve as a caution 
against assuming that professionalism narrowly defi ned is suffi cient to ensure ethics 
in engineering. If professionalism in the narrow sense requires expertise put in 
action on behalf of clients, a deeper goal is the wellbeing of people. Even when 
clients are found not in a Nazi regime but in a mostly free market, Meganck’s Chap. 
  12     helps one wonder whether serving one’s clients always entails serving the com-
mon good. Such tensions are only exacerbated in the age of neoliberalism, in which 
the question of “doing good” becomes harder to imagine outside of economic ratio-
nales. This said, it is admitted that an unfailing understanding of human welfare is 
not readily available, either for engineering students or for others. Ambler’s Chap. 
  18     illuminates this problem and traces its philosophical pedigree; Meganck stresses 
that “everyday ethics” is a necessary supplement to a narrower professional view. 

 We must take up the complex question of what constitutes human welfare, and 
we will need tools such as everyday ethics in order to have such a conversation. This 
is because the shaping and communication of engineering values happens both 
implicitly and explicitly, and these values can be invoked and inculcated in contra-
dictory ways. The engineering profession may encourage certain values, for exam-
ple, even if it does not insist upon them in explicit codes of ethics. Possible examples 
include eco-skepticism as discussed by Didier and Talin in Chap.   12    , and the effects 
of climate change on the standards used in planning and building nuclear power 
plants by Schneider, Tidwell, and Fitzwater in Chap.   15    . 
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 The fi rst of these three chapters reports on surveys conducted concerning envi-
ronmental issues. The responses of graduate engineers turned out to be rather differ-
ent from those of others, even when they shared many demographic similarities. 
Nor did the engineers’ opinions vary much in relation to other individual traits. 
While Didier and Talin hesitate to give a causal account of the lack of pluralism they 
detected, they do raise concerns about subtle infl uences operating within the profes-
sion and about a surprising lack of environmental consciousness. 

 The effort to reduce the emission of greenhouse gasses in power production has 
reopened and strengthened the case for nuclear power, but increasing climate change 
should also be taken into account when designing and operating a power plant, as 
the events at Fukushima demonstrated with special clarity. Research presented by 
Schneider et al. in Chap.   15     shows, however, that there is very little professional 
discourse on this issue within the engineering community. An important observation 
in itself, for it cries out for remedy, it also suggests the profession’s blind spot may 
be the result of an insular culture that would affect other issues as well. There may 
be signifi cant “talk” about climate change in relation to nuclear power, for example, 
but the quality of the talk – and who is engaged in it, and to what ends – matters. 

 The smart grid is coming, and engineers will have much to do in determining the 
fi nal form it takes. High expectations await it, not only as a way of fi xing the prob-
lems that grow with the aging of the current grid, but especially as a way of improv-
ing our energy effi ciency and increasing the fraction of our energy that comes from 
renewable sources. But while these great expectations may prove justifi ed, the new 
grid will not only have to overcome substantial technical problems but will also 
need to face social and ethical challenges, including ones involving privacy, secu-
rity, and equity. In Chap.   16     Joe Herkert and Timothy Kostyk clarify these chal-
lenges by attention to discussion in both the EU and the USA and with reference to 
similar problems affecting other technologies, such as the vulnerability of Iranian 
nuclear development to US and Israeli cyber warfare. Since these challenges are not 
merely technical in nature, the article concludes with some consideration of ways 
their resolution will depend on reform in engineering education. 

 While all the articles in this part refl ect on engineering education and the general 
need for it to reach beyond narrow technical training, Mitcham and Nan make it 
their focus in Chap.   17     to trace the way engineering education has become a subject 
of philosophical focus. This emergence of interest in the philosophical study of 
engineering ethics – or one might say in the relationship between responsibility and 
the ever-growing power of technology – has taken somewhat different shape 
depending on time and place. To cite but a single example, the role of engineers in 
the German war effort was bound to limit the extent to which engineering could be 
celebrated as contributing to some grand philosophical project or the unfolding of 
History. Notwithstanding its focus on the philosophical study of engineering and its 
proper ethics, the article concludes with Aristotle’s reminder that without politics to 
give it force, ethics remains but words, a sobering but necessary refl ection for all 
authors, and engineers, who wish to make the world a better place.       
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    Chapter 12   
 On the Normativity of Professionalism 

             Martin     Meganck      

    Abstract     Why should engineers behave ethically? Often, this question is answered 
by qualifying engineering as a “profession”, and professional organizations have 
codes of ethics that members should comply with. In many countries however, engi-
neering is organized differently. The present chapter explores conceptions of “pro-
fessionalism”, inspired by evolutions in different occupational areas. A second part 
questions the idea that professionalism encompasses ethical responsibilities “beyond 
ordinary morality”. The thesis will be defended that, although there may be specifi c 
rules for “professionals”, the philosophical foundation of professional ethics yet 
rests on ordinary morality.  

  Keywords     Professionalism   •   Engineering ethics  

       Introduction 

   Why should engineers be ethical? Well: engineers are professionals. And professionals are 
members of professional organisations. And these professional organisations have codes of 
ethics that regulate their activity. That’s why engineers should be ethical! 

   The passage just cited, was the intervention of an authoritative senior member of the 
international engineering scene, during a convention on philosophy of  engineering 
and technology a few years ago. If stated that way, the foundations of engineering 
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ethics are simple: ethical is what the code of ethics declares to be ethical, and as an 
engineer you are bound to comply with the rules of your association. 

 Founding engineering ethics on this rationale, stumbles upon two problems: a 
pragmatic one and a fundamental one. The pragmatic question deals with the fact 
that in many countries a system of chartered engineers or of an engineering board or 
any similar organization is absent: countries where membership of an engineering 
organization is not compulsory to work as an engineer, or to carry the title. The 
tendency to institutionalize professions rather strictly is – according to Julia Evetts 
( 2003 , p. 398) – typical for countries with an Anglo-American background. The 
European-continental approach by contrast would focus more on expertise and 
employment questions, and less on organizational and regulatory questions. Looking 
at the situation of engineering associations in Europe, Evetts’ analysis seems to be 
confi rmed, with the exception of some countries in the Mediterranean area (Spain, 
Portugal, Italy) where the organizations do have a more stringent status (Didier 
 2015 ). If professional ethics fi nds its foundation mainly or exclusively in member-
ship of professional organizations and in the regulatory activity thereof, many engi-
neers will fi nd themselves ethical orphans. In a more nuanced formulation, this view 
would imply that engineers who work under the rule of such a regulated, member-
ship-based engineering profession may have more or other ethical obligations than 
those who live in a country where such a system does not exist – even if they have 
the same capacities and are doing essentially the same kind of job. 

 The second, and more fundamental problem with the aforementioned rationale, 
has to do with the assumption that being ethical or behaving ethically equals rule 
compliance. This seems to presuppose that:

 –    either the act of compliance constitutes ethical quality as such, whatever the 
rules are;  

 –   or that the ethical qualifi cation of the rules is accepted: e.g. because they emanate 
from a recognized authority, or after an evaluation of their contents.    

 The present chapter will dwell upon two questions: if professionalism cannot just 
be equaled with membership of a professional organization, what can be contempo-
rarily valid interpretations of this notion? And what are the foundations of an ethics 
for professionals?  

    On Professionalism 

 Discussions about professionalism are stained by the reminiscence of traditional 
learned professions, with medicine and law as paradigmatic examples. These occupa-
tions require an extended and exclusive body of theoretical knowledge and of related 
practical expertise. Their services are of the highest importance, as well for individual 
clients/patients as for society as a whole. Because of the importance and the exclusiv-
ity of the competences, there is a strict control over the practice of the profession: the 
exercise of the profession requires membership of a professional body, that is also 
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responsible for monitoring the delivered professional services. A code of conduct 
serves as a tool for internal discipline, and as an external pledge soliciting the trust of 
society. In a very traditional view of these professions, they are further characterized 
by a set of attitudes, rituals, traditions and symbols that form together a professional 
culture (Greenwood  1957 ). Because of the importance of the fi eld of activities and 
regarding the presumed incompetence of the clients or patients, the exercise of these 
traditional professions is not supposed to follow the logic of commercial supplier/
client-relationships. Instead of (negotiable) prices on a free market, remuneration of 
professional work occurs through an (often fi xed) fee or honorary. Commercial adver-
tisements are usually judged unbefi tting for a real professional. 

 Extending this view of professionalism to other occupational fi elds, stumbles on 
a few obstacles. In  1964  already, Harold Wilensky wrote that “nowadays everybody 
wants to become professional”, and this tendency has not weakened since then 
(Noordegraaf  2007 ). The term  professional  can be used with almost any function or 
occupation: engineers, teachers, nurses, but also funeral undertakers, massage par-
lors, tanning centers, cleaning services and bicycle repair shops. It will be obvious 
that the degree to which this broad range of activities meets the rather strict set of 
attributes of traditional professionalism as described above, varies largely. For some 
of them, the importance of the delivered services, the necessary skills and knowl-
edge, the modes of organization and the societal status may be similar to the corre-
sponding qualities in the medical and juridical sector. But for some of the latter few 
examples in the list, the necessary knowledge or skills seem rather limited, and the 
idea of “professionalism” goes little further than what one does for earning one’s 
living, or refers mainly to the use of specialized products and equipment. It may also 
be limited to the promise of following standardized procedures. Anyway, these 
would-be-professions will have more diffi culties in making themselves perceived or 
accepted as pure professionals. Yet they too strive for a label of professionalism that 
should inspire trust, thereby appealing to the original idea of professionalism: i.e. to 
warrant the quality of delivered services, by controlling the access to and the exer-
cise of the activity, by establishing standards and quality control systems, etc. Legal 
sanction of this desire to protect customers and users may result in criteria that make 
small scale or artisanal practice of the activity virtually impossible, notwithstanding 
the sympathy and trust that the public often has for this mode of operation. 

 This broadening of the concept of professionalism can result in an erosion of its 
meaning. The idea of public service e.g., or that the mission of a profession is in the 
aspiration of some public good, may fade completely. The idea of sound organiza-
tion and specialized competences may prevail, like in Lance Armstrong’s interview 
with Oprah Winfrey (where he qualifi ed the doping program in which he partici-
pated as “defi nitely professional”), or like in designations like  a professional killer,  
where the idea of effi ciency and competences is “enriched” by the pecuniary aspect. 
And there are other instances still where being (or calling oneself) a professional is 
used to claim privileges or exemptions, or to advocate attitudes or traditions that 
would otherwise be rejected: e.g. the plea that traffi c rules would be applied 
 differently for people whose profession necessitates a lot of driving, or that fair play 
does not mean the same to a professional sportsman compared to a hobbyist. 
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 Examples like these seem antagonistic to the original highbrow ideas of profes-
sionalism, or can make a caricature of it. But even without such extreme examples, 
several phenomena question the “old style”, “pure” conception of professionalism. 
One is that traditional professions like medicine cannot be exerted without taking 
into account a wide range of infl uences and contexts that put pressure on the idea of 
professional autonomy. The passive, incompetent patient who was unable to defi ne 
her own needs, has in some cases evolved to a client or partner with whom one has 
to negotiate about the presence and nature of a problem, about the desirability of 
different scenarios, and about the terms, circumstances and prices of the treatment 
(Stapel  2013 ). The individually operating professional with his individual client has 
in many cases been transformed into a member of a team or organization, directed 
and supervised by managers. These managers often do not belong to the same pro-
fessional groups as their collaborators. Management may even be considered as a 
profession in itself, with its own set of competences and its own claims of auton-
omy. Professional managers should be able to run a school as well as a hospital, a 
chemical factory as well as a chain of supermarkets. Besides the manager, there are 
other colleagues in the organization with different occupational backgrounds, the 
expertise and operating modes of which have to be taken into account. And besides 
the immediate client or patient, external third parties may interfere in decisions 
about the fi nancing or execution modes of projects and operations. This may be a 
threat to the idea of professional autonomy, or even make that “the contexts of work 
actually undermine the profession’s fundamental purposes and its standards of qual-
ity and ethical practice” (Colby and Sullivan  2008 , p. 408). 

 Add to that the striving for a professional status by other occupations: some with 
a highly intellectual character, some more skills-based, and a quasi-continuous 
spectrum in between. The degree of exclusivity of their skills and knowledge may 
differ widely. The organizational context in which they work may be very diverse: 
as individual service providers with individual clients; as employees of industrial or 
commercial companies; as public servants; etc.…. They may or may not have some 
degree of autonomy or protection towards their clients or employers. They may or 
may not have regular formal or informal contacts with colleagues having similar 
functions in other organizations. In short: the degree in which they meet the tradi-
tional criteria of the ideal type of professionalism, may vary largely. 

 Confronted with these deviations from the traditional ideal type of professional-
ism, different reactions are possible. Mirko Noordegraaf ( 2007 ) distinguishes three 
possible approaches:

 –    either one sticks to the traditional defi nition of professionalism. There can be no 
real professionalism outside these well-defi ned and well-organized traditional 
domains. Even if they work in contexts with interferences by management, con-
sumers or other stakeholders, professionals must keep their autonomy. 
Noordegraaf refers to this as  purifi ed professionalism ;  

 –   or one accepts a form of  situated professionalism : the organizational context in 
which many professionals work, is recognized and accepted. The traditional idea 
of elite professionalism has to be broadened to include experts;  
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 –   or one yields to the observation that the idea of professionalism is shifting, and 
that a strict defi nition has become impossible. Forms of  hybridized professionalism  
arise, in which the relatedness to outside worlds is part of the professional iden-
tity. Interdisciplinarity, contextuality and interactivity become part of profes-
sional work. The professional’s performance is multi-facetted; the awareness of 
this puts the professional in a network with other professionals stakeholders.    

 Several other scholars have made similar analyses, using a different terminology, 
but essentially dealing with the same questioning. Here are a few examples. 

 Donald Schön ( 2001 ) used the term  refl ective practitioner  for describing the new 
professionals who are confronted with a  new epistemology of practice . The tradi-
tional rigorous professional practice “depends on the use of describable, testable, 
replicable techniques derived from scientifi c research, based on knowledge that is 
objective, consensual, cumulative and convergent.” But real world problems do not 
come well formed. New professionals do not just solve well defi ned problems: they 
are also involved in the process of constructing the problem to be solved. In this 
process, they must be open to “artistic, intuitive processes which bring to situations 
of uncertainty, instability, uniqueness and value confl ict” (Noordegraaf  2007 , 
p. 774). When facing a situation that is puzzling, unique or confl icted, refl ective 
practitioners should be “able to turn thought back on itself, surfacing, criticizing and 
restructuring the thinking by which they have spontaneously tried to make the situ-
ation intelligible to themselves” (Schön  2001 ). This refl ection-in-action puts pre- 
established paradigms under pressure, and confronts them with  tacit knowledge ; the 
input of third parties can in these instances be illuminating. 

 Edgar Burns ( 2007 ) focuses on the use of the term  post-professionalism . The 
“post” in this term is an indication of the fact that the traditional conceptions of 
professionalism have become empirically inadequate; but it also reminds of move-
ments like post-modernism, post-structuralism,… in philosophy and sociology: 
movements fundamentally questioning “narratives and discursive truths”. Similar to 
Noordegraaf’s notion of hybridized professionalism, the use of post- professionalism 
tends to include the different networks and relationships surrounding professional 
work: relationships with governments, business, and the voluntary or not-for-profi t 
sector. On the one hand, this is a critique of the straightforward functionalist view 
on professionalism. On the other, there is also some sympathy with professionals: 
the “rules and expectations that are imposed on the professional by the public, gov-
ernmental regimes and bureaucratic organizations, often entail huge compliance 
costs without – for the majority of practitioners – making a practical difference to 
the level of performance” (Burns  2007 , p. 5). The “post”-thinking method is 
undoubtedly valuable in questioning paradigms and rhetorics, especially when they 
seem laden by suspicions of privileges and power. But after the “deconstruction” of 
the old concepts, the reconstruction of alternatives is diffi cult, fraught as it is by the 
uncertainties, precautions and auto-criticism that are inherent to the method itself. 

 Andrew Jamison et al. ( 2011 ) situate science and technology in cultural and 
 historical perspectives, resulting in a form of  hybrid imagination  that is in line 
with Noordegraaf’s idea of  hybridized professionalism.  Scientifi c and technological 
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professionals are invited to give up isolationism and hubris, and to acknowledge and 
foster the contextualized knowledge that is necessary to function properly with a 
sense of cooperation and social responsibility. 

 A provisional conclusion can be that, due to the changes in the landscape of 
professionalism, the traditional idea of professionalism still fi gures at the back-
ground of the refl ections, as a kind of ideal type. Attempts to advance the discus-
sion, taking into account the multitude of new would-be professions and the 
changing circumstances in which even very traditional professions actually operate, 
will often refer to that ideal type. The ideal type had the advantage of conceptual 
clarity, at the expense of eventually getting alienated from real life practice. Other 
approaches may have more empirical support, or may be more philosophically 
nuanced and critical, thereby risking to become confused, or at least: to lose visibil-
ity as a clearly set standard. Moreover, ordinary language seldom bothers about the 
results of semantic discussions about the proper meaning of terms. If – to say it with 
Wittgenstein – “the meaning is in the use”, a “declaration of invalidity” of certain 
uses of the word professionalism may appear in the end rather fruitless…  

    On Keeping Focused… 

 One of the key elements in discussions about professionalism is the idea that the aim 
of professions  as a group  (even if they are not formally organized) is the pursuit of 
some important public good: be it health, justice, knowledge, etc.… At the same 
time, professionals  as individuals  are often seen as experts, valued for their knowl-
edge and skills that they can put at the service of their individual clients, and their 
needs, desires and preferences. At fi rst sight, both pictures seem equivalent. Yet it 
deserves further inquiry whether the aggregated needs, desires and preferences of 
clients are compatible with, promote or constitute the common good. Similarly, it 
can be questioned whether the aggregated microrational actions of the experts result 
in an evolution towards the common goal on a macrorational level. And fi nally, who 
is best placed to judge about the common good: the professionals (individually or as 
a corps), the clients, or other instances? 

 An outspoken example of the tension between the exercise of the technical 
expertise, and the attainment of the public good, was Albert Speer’s self-defense for 
his functioning as “Hitler’s architect” and (1942–1945) Minister of Armaments and 
War Production. His plea was that he considered himself as a  pure technician , solely 
concerned with his technical skills, and that he had mentally kept his functioning as 
a trained architect separate from the moral implications and political refl ection 
about the overall goals and consequences of Nazism (Sammons  1993 , p. 179). In a 
memory to Hitler, he wrote:

  The task I have to fulfi ll is an unpolitical one. I have felt at ease in my work only so long as 
my person and my work were evaluated solely by the standard of practical accomplish-
ments (Sammons, p. 190). 

M. Meganck



227

   It was only later, in prison, that he realized that “becoming a human being 
requires stories and images a good deal richer than professional ones” (Sammons, 
p. 193). Traditionally, this example leads to discussions about the fragmentation 
between  acting as an architect  and  acting with respect for human dignity . Reasserting 
oneself as a moral being then may require a “rebellious ethics”, fl irting with the 
question whether one can be obliged to act heroically. Sammons however refuses 
this line of defense: Speer didn’t even act as a good architect, because his very own 
architectural insights unmasked Hitler’s “lack of concern for the social dimensions 
of architecture” (Sammons, p. 185). Being a good architect would include working 
according to the internal values of architecture, whereas Speer, even in his building 
activity, was guided mainly by external concerns. Architecture could have given 
him a morality that Speer failed to understand… 

 In the context of law, Bradley Wendel ( 2005 ) takes a stance against the view that 
professionals are mere expert agents acting in the name of their clients. Lawyers 
have “to apply the law to her client’s situation with due regard to the meaning of 
legal norms, not merely their formal expression”. As the internal  raison d’être  of 
law is to serve the functioning of good institutions, lawyers should not participate in 
operations destined to subvert this cause. Law is “worthy of being taken seriously, 
interpreted in good faith with due regard to its meaning” (Wendel  2005 , pp. 1168–
1169). The good professional is – according to Wendel – not just a person knowing 
all the tricks and maneuvers with which the clients’ interests can be pursued, but an 
expert working at the service of justice. And probably law is an eminent example of 
an area where the aggregate of the interests of individual clients does not automati-
cally coincide with “justice” as a societal value… Similar observations can be made 
in fi elds like accountancy, salespeople,…: even if in each individual situation opti-
mal use is made of technicalities on a micro-scale, this does not necessarily guaran-
tee optimal effects on the macro-level. 

 In his studies on social work, Harry Kunneman ( 2007 ; also Driessens and Geldof 
 2008 ) too takes a stance against professionalism being reduced to mere technical 
expertise. Social work is the domain par excellence where a merely cognitive- 
technical expertise may be blind to moral and existential dimensions of a situation. 
Where professionals experience this tension, they can either adapt to the rules and 
structures of the organization, thus shifting responsibility towards higher levels in 
the organization. A second strategy may consist in the professional – on her own 
initiative, and often unknowingly to the organization – adding a complement to the 
services she is offi cially supposed to deliver. In some instances, where such services 
seem to imply too personal a relationship, this may even be interpreted as “unpro-
fessional”. Ideally, forms of  normative professionalism  can be developed, where the 
gap between the “system world” (the way the situation is perceived and framed by 
the professional apparatus) and the “life world” (the way the situation is lived by the 
client) can be bridged. For the further development of his views, Kunneman refers 
to social theorists like Habermas, Giddens and Castells, especially concerning their 
critique on the narrow view on humans that reduces them to beings who are to be 
empowered to become production and consumption oriented autonomous individu-
als. Instead of that, moral involvement, respect for existential values and attention 
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to relationships should become part of real professionalism, and thus help the pro-
fession to keep in touch with its proper objective: the well-being of people. 

 Taking fi elds like medicine and clergy as examples, Anne Colby and William 
Sullivan ( 2008 , pp. 414–415) issue a warning against “misalignments”: these may 
be caused when “extrinsic rewards [can] overwhelm and even actually undermine 
the ultimate purposes of the profession” or when there is a lack of “deep engage-
ment with the profession’s public purposes, along with a sense of meaning and sat-
isfaction from one’s work that is grounded in or aligned with those purposes.” 
Evaluation and promotion criteria (and in general: criteria for recognition of the 
quality of work) may be diverse, and sometimes diffi cult to combine. When people 
experience that they are evaluated on criteria that differ from what they perceive as 
being adequate for the contents of their job, they may either adjust to these external 
criteria (sometimes at the expense of properly functioning in the job they were hired 
for), or be left behind with the feeling that their superiors are either incompetent or 
dishonest in judging what they do. Especially in competitive environments,  survival 
of the fi ttest  may lead to an adaptation of the individual’s behavior to the survival 
criteria. Whether these criteria correspond to the ultimate purpose of the activity or 
the profession, is not always self-evident. In a context of fi nancial management e.g., 
Ian Herbert refers to the possibility that knowledge workers may be driven “towards 
competitive advantage […] in which process controls and performance measures 
will ultimately win out over more subjective notions of ‘doing a good job’” (Herbert 
et al.  2012 , p. 54). 

 For engineering, threats for the over-all purpose of the profession by micro- 
rational or external infl uences can be found in cases of planned obsolescence: prod-
ucts may be designed to have a limited useful life, either by wear, by becoming 
unfashionable, or by being outdriven by newer products with which they are no 
longer compatible (Dannoritzer  2010 ). Products may also be unnecessarily com-
plex, or equipped with a multitude of possibilities that the majority of clients do not 
need and will never use; yet fi nding old-fashioned or simpler apparatus may be 
virtually impossible. A market-driven industry may also focus more on luxury prod-
ucts for a wealthy group of customers, thereby neglecting more fundamental needs 
of larger and more needing populations. 

 Finally, if keeping focus on the ultimate purpose of the profession is a key ele-
ment in the debate on professional ethics, a serious question is raised by Carl 
Mitcham ( 2009 ), especially in the context of engineering. Attempts to indicate the 
ultimate purpose of engineering can be found on different places. Adam Briggle and 
Carl Mitcham ( 2012 , p. 294) refer to the traditional defi nition of engineering formu-
lated by Thomas Tredgold ( 1828 ), when he was president of the Institution of Civil 
Engineers. He defi ned engineering as:

  “… the art of directing the great sources of power in nature for the  use and convenience of 
[human beings]”  (our italics) 

   IEEE, in its Mission Statement and Vision Statement, declares:

  “ IEEE’s  core purpose is to foster technological innovation and excellence  for the benefi t of 
humanity ,” and “IEEE will be [...] universally recognized for the contributions of technol-
ogy and of technical professionals  in improving global conditions ” (our italics) 
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   In its  Code of Ethics , IEEE wants engineers to “take responsibility by making 
decisions consistent with  safety, health and welfare of the public ”. And also in other 
texts refl ecting on the function of engineering, the ultimate purpose is usually 
defi ned in terms of human wellbeing, e.g., Allison Ross and Nafsika Athanassoulis 
in a study of the social nature of engineering in a context of risk taking:

  …the chief good internal to the practice of engineering is safe effi cient  innovation in the 
service of human wellbeing  and that this good can only be achieved where highly accurate, 
rational decisions are made about how to balance the values of safety, effi ciency and ambi-
tion in particular cases (Ross and Athanassoulis  2010 , p. 159 – our italics). 

   Be it with slightly different words, all these sources seem to agree on engineering 
having as its ultimate purpose some form of human wellbeing. There can be – of 
course – discussion among techno-optimists and techno-pessimists about whether 
engineering or technology, in their fi nal consequences, actually promote the human 
good. But even without going into that fundamental debate, Mitcham ( 2009 ) points to 
a major difference between engineering and some of the other traditional professions. 
As “human health” is the core business of medicine, medical students will – together 
with their courses on anatomy, pharmacology etc.… – acquire a robust view on what 
constitutes “health”. And a typical law school curriculum will include a sound intro-
duction into procedural justice, which is the raison d’être of their profession. One can, 
of course, question whether this makes these professionals the sole adequate instances 
to judge about how health or justice can be pursued (actually, the implementation of 
their codes of conduct suggests that there are external boundary conditions within 
which their conception of their ultimate good should be framed). Contrary to what 
seems the case for medicine and law however, engineering education often pays little 
attention to refl ection on the alleged ultimate purposes of the occupation: what consti-
tutes “safety, health and welfare”, or how the “balance of values” should be reached 
or evaluated. The social construction of safety, health and welfare is a societal process 
that is diffi cult to grasp, and in which “engineers  qua  engineers are no more qualifi ed 
to make such determinations than anyone else; they legitimately participate in making 
such determinations, but only as consumers, users, and citizens” (Mitcham  2009 , 
p. 349). Defi nitions of the problems to solve, and decisions about how to solve them, 
do not belong to the jurisdiction of engineers alone, and it may be good to ask if they 
would be the most adequate judges. One can here compare with Nicolas Rescher’s 
remark about the activity of scientists: “As war is too important to be left to generals, 
so knowledge is too important to be left to scientists and scholars without, at any rate, 
moral checks and balances” (Rescher  1987 ).  

    Beyond Ordinary Morality? 

 In Chap.   4     of this book, Michael Davis defi nes a profession as

  a number of individuals in the same occupation voluntarily organized to earn their living by 
openly serving a moral ideal in a morally permissible way beyond what law, market, moral-
ity, and public opinion would otherwise require (Davis  2015 ). 

12 On the Normativity of Professionalism

http://dx.doi.org/10.1007/978-3-319-16172-3_4


230

   The question of the “moral ideal” in professions has been commented on in the 
previous section of this chapter. In this last section, the last part of Davis’ defi nition 
will be dealt with: “… beyond what law, market, morality, and public opinion would 
otherwise require.” This expression seems to presuppose the idea that the ethical 
evaluation of certain behaviors of professionals is founded by the idea of “profes-
sionalism” itself. 

 Of course, one can fi nd many examples of types of behavior that would be evalu-
ated differently, depending on whether the person in question is considered as a 
professional or not. In an attempt to circumscribe professionalism by listing a series 
of behaviors that would be deemed unprofessional, Erde ( 2008 , pp. 14–15) indi-
cates that some of these instances of unprofessional conduct cannot really be called 
unethical: among them misplaced forms of humor, or e.g. a doctor who would stand 
smoking at the entrance door of a hospital. Expectations about confi dentiality may 
be different depending on the professional status. Boucher ( 2007 ) even refers to 
cases where compliance to rules of professional deontology may lead to decisions 
that would go against ordinary moral intuition. 

 Pragmatically and empirically speaking, there seems to be a professional ethics 
that may differ from ordinary morality. The foundation of this specifi city however 
is less obvious. Starting from a distinction made by Boucher ( 2007 ), the following 
lines of argumentation can be seen: 

    Contractualist Arguments 

 When an individual voluntarily accepts to take up a professional role, she also 
accepts the complex of obligations, benefi ces and privileges that go with that role. 
This is clearly visible in contexts where professionalism is strictly regulated, e.g. 
in professional organizations with a code of conduct, or where an oath is part of 
the membership rituals (in religious orders, the “oath” sealing the membership of 
candidates, is called “profession”!). Such an oath or code of conduct may more-
over be part of the social contract by which the professional group acquires its 
status in society. 

 Where professionalism is not organized in this way, the commitment of the prac-
titioner may be formalized in a contract (employment contract, business con-
tract,…), or simply by accepting to carry out a task in an environment where certain 
rules prevail. But also informally, creating the perception that one can deliver ser-
vices “on a professional level” (or failing to adjust false perceptions in this regard) 
may entrain moral obligations: be it in cases that are not governed by formal regula-
tions, or when one deliberately choses to keep things informal. 

 Boucher ( 2007 ) extends on some possible criticisms against this contractualist 
view (who are the contractants? and can one legitimately make a promise that may 
imply actions that would elsewhere be illegitimate?). Besides these, the idea of a 
“contract” presupposes that the contractants have equal liberty to accept or refuse it: 
a presupposition that can be severely questioned, especially when some of the stake-
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holders are dependent on the others’ services (as can be the case for professions). 
Whereas contracts imply (free) mutual agreement among contractants, the mere 
(implicit or explicit) unilateral  promise  of a quality of service can generate moral 
obligations, even without formal acceptance by the other party.  

    Fiduciary Arguments 

 A  fi duciary  argument points to the fact that obligations can be generated by the trust 
that clients, patients, and even society put in professions and professionals. For 
domains that may be of vital importance, we rely on the capacities and good will of 
experts. In this argument, two poles appear: the  capacities  of the professional on the 
one hand, and on the other hand the  dependence  (or even vulnerability) of the 
receiving parties. Organized professions can be an answer to this dependence, but 
the dependence would exist also without these organizations. And similarly, the 
(intellectual, physical, skills-related) capacities can be present with as well as with-
out organized professions; professions can make a difference where legal authority 
is concerned. 

 Following Levinas’ philosophy, the confrontation with the dependence and vul-
nerability of “the other” is the  fait primitif  of existence and therewith also responsi-
bility (Levinas  1982 ). Responsibility grows when the other cannot but trust in one’s 
capacity and willingness to take care of a situation; in cases where trust is less based 
on dependence, the contractual or promise-based logic reemerges. In this view, 
when faced with questions of vital importance, the obligation to use one’s capacities 
to deal with it cannot be brushed aside by the mere argument that one is not a profes-
sional. For a person with adequate capacities, the obligation to take care of an emer-
gency situation also stands without her offi cially recognized professional status. In 
less urgent situations, a person with suffi cient capacities can shift responsibility 
towards a “professional”, if such a professional is at hands; this however would be 
based more on the contractual or promise-based argument, than on the fi duciary.  

    Teleological Arguments 

 Finally, specifi c professional ethics could be supported by  teleological  arguments: 
the important common good purpose that professions are to pursue. The goals of 
professions, justifi ed as they are, would legitimate the means that are necessary to 
pursue that goal. Boucher ( 2007 ) dissects this argument into four steps: (1) the acts 
of a professional are justifi ed by professional rules or obligations; (2) these rules or 
obligations are justifi ed by the professional’s role; (3) this role is justifi ed by the 
(institutionalized) profession; and (4) the profession is justifi ed by its “ultimate pur-
pose”: the common good that it is supposed to serve. 
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 It deserves careful attention to examine whether, in the trickling down from the 
(undisputable?) good objectives to the very concrete behaviors that are expected 
from a real professional, the rules of necessity are followed. In the concretization of 
expected techniques and procedures that should contribute to the common good, 
rules may appear that can be unnecessary, counterproductive, or at least question-
able. And besides sometimes being unnecessary, they may also be insuffi cient: see 
the comments in the previous section on how professional rules may fall short in 
attaining the good that professions aim at, on how nowadays professionalism has to 
deal with external expectations that may divert from the profession’s goals, on how 
sticking to merely technical micro-rationality – even if it is highly dependent on 
professional expertise – may “miss the point” of the profession’s ideal purpose, and 
on how the professionals themselves may or may not be good judges of what the 
ultimate purpose can be and imply. 

 A more fundamental remark on this line of legitimation is the question whether 
the aim justifi es the means. Can one accept that otherwise illegitimate actions are 
undertaken, even if they are well-intended and covered by a rule-utilitarian logic? A 
second critique points to the fact that a profession may be a rather composite com-
plex of different roles with different purposes, and that the teleological justifi cation 
of professions is therefore underdetermined. And fi nally: if the norms and rules of a 
profession are justifi ed by the profession’s ultimate purpose, this ultimate purpose 
in itself can only be justifi ed by ordinary morality (Boucher  2007 ).   

    Conclusion 

 The tendency of these refl ections is that attempts to justify a professional ethics on 
other grounds than ordinary morality, do in the end often fall back on principles of 
everyday ethics. This is not to deny that there may be rules or expectations that are 
specifi c for professionals. However, in the cases where these rules or expectations 
differ from what would be used for lay people, the basis for these deviations seems 
to rest on principles that are accepted in very common ethics too: the obligations 
that are created by making a promise, the responsibility that results from having the 
capacities to help – especially in situations where people are dependent and vulner-
able –, or the pursuit of an important societal good, where – it is true – a rule- 
utilitarian approach may lead to other conclusions than act-utilitarianism. Claims 
for very specifi c rights or duties that would be linked to the idea of professionalism, 
deserve to be examined very critically. 

 The self-evidence of choices that are made within a professional paradigm, may 
meet resistance in a larger audience. Lay people may have other preferences than 
professionals. The choices professionals have to make recurrently, may be once- 
only events for lay people; the emotions and resistances that lay people experience 
in these cases, may have worn off in the hearts and minds of the professionals. In 
such instances, communication can be very important; and this may result in 
rethinking practices that were undoubtedly well-intended, but the effi ciency or ade-
quacy of which can from time to time be questioned. 
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 It can be helpful to see professions as instruments, developed and used for well- 
defi ned purposes. But like in all instrumental rationalities, the relationship between 
the means and the goals should be monitored carefully: are the means adequate and 
effi cient? And what are the side-effects? Building wastewater treatment plants can 
be a good measure to protect environment, but is it suffi cient and effi cient to make 
this the automatic choice? People may feel safer if they possess and know how to 
handle a weapon; but does one get a safer society when everybody is equipped with 
weapons? What about the possibility of means-end-inversions? A professional secu-
rity corps may be instrumental in dealing with situations where people feel insecure, 
but does the security corps (as a corps) have interest in creating a safe society? 
Organizing things professionally and generalizing this choice, may change society 
in a way that may be unintended and unforeseen. 

 Professions and professionals: we need them. We trust them. But we have to be 
careful to keep them on the right track…     
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    Chapter 13   
 Engineer’s Ecoskepticism 
as an Ethical Problem 

             Christelle     Didier        and     Kristoff     Talin      

    Abstract     The graduate engineers’ attitude towards environmental issues differs 
profoundly from that of their fellow citizens. This is what we have found out when 
comparing the answers given by 27,000 graduates to an original survey we conducted 
in 2011 with those of a representative sample of French people who participated to 
the “European value survey”. The engineers’ attitude is also very different from 
those of business managers and executives. It also differs from those of other mas-
ter’s degree graduates. Contrary to our expectations, the demographic change 
observed in the profession (growth, place of women, development of new educa-
tional tracks) has little infl uence on the professionals’ attitude. The engineers’ atti-
tudes toward environmental issues seem to depend more on their professional 
position than on their individual traits. While the younger generation seems a little 
bit more pro-environment than their seniors, females do not differ signifi cantly from 
their male colleagues on that topic. By contrast, we found out that the engineers’ 
attitude towards environment is strongly related to their attitude and values in 
general and their political, ethical and religious attitude in particular.  
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        Introduction 

 The degradation of landscapes by steam-powered industrial technology has emerged 
as a social concern since the nineteenth century. Soon the fi rst national-scale 
environmental laws were voted in several countries. But, it took a century for envi-
ronmental protection to become a global issue. New words needed to be coined, like 
“Ökologie” by the German zoologist Haeckel in 1866 and “ecosystem” by the 
English botanist Tansley in 1935; the principles of ecology had to develop and the 
science of ecology to emerge as a distinct discipline. Ecological thought and envi-
ronmental concern expanded in the twentieth century and the fi rst global initiative 
appeared in the 1970s with the UN’s fi rst major conference on international envi-
ronmental issues. Since the 1987 Brundtland Report, a new concept has been pro-
posed and widely accepted to combine in a single expression developmental and 
environmental issues: “sustainable development”. Proposed by experts and defi ned 
as a development which “ensure[s] that it meets the needs of the present generation 
without compromising the ability of future nations to meet their own needs”, it was 
popularized at the 1992 Rio Summit. Since then, it has disseminated rapidly among 
laypeople and been included in educational programs all over the world. The 36th 
chapter of the Agenda 21 on “Education, Public Awareness and Training” was 1 of 
the 4 among 40 chapters to be singled out at the UN Commission for Sustainable 
Development for special work programs. Today, this goal is pursued by most edu-
cational programs in the world, also in engineering education. Since the turn of the 
twenty-fi rst century, companies, and especially multinational corporations, have 
been considered as unavoidable sustainable development actors. It is also widely 
accepted that industry is highly concerned and that the engineering profession can 
play a key role in delivering sustainability. 

 Although defi nitions of the engineer differ from one country to another, there is 
suffi cient commonality to assess that the members of this profession are directly 
concerned with the challenges of sustainable development. While some surveys 
have been made to determine what engineering students know about sustainable 
development (Azapagic et al.  2005 ), there is a lack of information about the engi-
neers’ attitudes once they have left university. 

 Our research goal intends to fi ll this void. It is based on an extensive survey con-
ducted online, in 2011, by the French National Council of Scientists and Graduate 
Engineers (CNISF, called today IESF). Of the 39,000 survey respondents, 27,000 
engineers answered to an optional part of the questionnaire, which we have designed, 
dealing with social, ethical and professional values. The data were analyzed with 
SPSS. 

 In this chapter, we focus on the items dealing with environmental issues, and 
particularly with six statements, which belong to the “revised” New Ecological 
Paradigm (NEP) (Dunlap et al.  2000 ). These statements, which constitute a “short” 
NEP (Bozonnet  2010b ) have been included in the fourth wave of the European 
Values Study (EVS, called previously European Values Survey), in 2008. EVS is a 
large- scale, cross-national and longitudinal survey the fi rst wave of which was in 
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1981. The French part of the 2008 survey was conducted by Pierre Brechon 
(Bréchon and Galland  2010 ). In the fi rst part of this chapter, we present the out-
comes which confi rm our fi rst hypothesis on the specifi city of engineers’ attitude in 
comparison which their fellow citizens. In the second part, we show evidence in 
favor of rejecting our second hypothesis on the infl uence of the graduates’ demo-
graphic characteristics on environmental attitudes. In the last part, we show that 
there are strong links between environmental attitudes and the engineers’ attitude to 
other fi elds of values like political and religious values.  

    Research Questions and Hypotheses 

 Since the 1970s, the environmental issue has become a central concern throughout 
the world, thanks in part to a better understanding of the interconnection between 
environment, economy and quality of life (Carson  1962 ). Besides, major techno-
logical disasters generated awareness amongst the public of the dangers posed to the 
natural environment by human activity (Lagadec  1981 ). In the late 1970s, the fi rst 
green parties were founded. In countries all over the world, departments and minis-
tries were created dedicated to this cause. This period also saw the birth of a new 
fi eld of investigations in the social sciences: environmental sociology (Dunlap and 
Van Liere  1978 , Catton and Dunlap  1978 , Dunlap and Catton  1979 ). 

 Since 1987 and the publication of the Brundtland Report by the World Commission 
on Environment and Development, a new phrase has become the slogan of our con-
temporary societies: “sustainable development” (Brundtland  1987 ). The ideas cov-
ered by this new concept were not entirely original, but the expression and the 
defi nition proposed in the UN report disseminated widely. Since the Rio Summit in 
1992, sustainable development has become a global cause and the phrase “think 
globally, act locally”, the new mantra of the late twentieth century. 

 Because of its complexity, sustainable development requires to be dealt with by a 
set of very different actors and not only government and experts. Yet, after the Rio 
Convention, it took 10 more years (until the Johannesburg Summit, in 2002) for the 
business world to be recognized as a major player in this fi eld. The UN report has put 
forward in a new way the responsibility of the business world – alongside that of 
government – in the implementation of a more sustainable development (ONU  2002 ). 

 If the business world is called to be concerned about its environmental and social 
impacts, the industrial world is even more concerned because technical develop-
ment is at the roots of many environmental problems. Although defi nitions of “the 
engineers” (who they are and what they do) may vary from one country to another, 
the type of knowledge and activities of engineers, as well as their work environment 
make them appear as actors “involved” in the environmental issues. They are not 
necessarily personally sensitive but they cannot, as members of their professional 
group at least, escape their responsibility. Obviously, engineers are aware of this 
unique position. This is evidenced by the presence of environmental topics in major 
engineering conferences and in most training for more than 30 years. 
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 In the United States, the fi rst codes of ethics for engineers have existed since the 
beginning of the twentieth century. They have long concerned solely internal issues 
within the profession. The environmental issue fi rst appeared in 1977 in the code of 
ethics of the American Society of Civil Engineers (ASCE), in a very modest way. 
New proposals to transform this recommendation into a stronger commitment in 
1984 and 1995, met strong resistance from the profession. The 1996 version intro-
duced a reference to sustainable development in canon 1 along with “their” defi ni-
tion of sustainable development (ASCE  1977 ,  2006 ).

  Engineers shall hold paramount the safety, health and welfare of the public in the perfor-
mance of their duty (fundamental canon 1, ASCE code of ethics, 1976) 1  

   Engineers should be committed to improving the environment to enhance the quality of life. 
(provision set forth in paragraph (f) in the guidelines to practice for canon 1) 

   Engineers shall perform services in such a manner as to husband the world’s resources and 
the natural and cultured environment for the benefi t of the present and future generations 
(canon 8, proposed in 1984 but not included) 2  

   Engineers shall perform services that help sustain the world’s resources and meet long-term 
human needs, while protecting the natural and cultural environment (revised canon 8 pro-
posed in 1995, but again not included) 

   Engineers shall hold paramount the safety, health and welfare of the public and shall strive 
to comply with the principles of sustainable development in the performance of their duty 
(fundamental canon 1, ASCE code of ethics 1996) 

   Sustainable development is the challenge of meeting human needs for natural resources, 
industrial products, energy, food, transportation, shelter, and effective waste management 
while conserving and protecting environmental quality and the natural resource base essen-
tial for future development. (defi nition adopted by ASCE in 1996) 3  

   Environment has also been mentioned, since 1990, in the code of ethics of the 
world’s largest engineering association by members: the Institute of Electrical and 
Electronics Engineers (IEEE  1990 ). It is still present in 2006, when the code was 
revised, with no change in the fi rst article.

  We, the members of the IEEE, in recognition of the importance of our technologies in 
affecting the quality of life throughout the world, and in accepting a personal obligation to 
our profession, its members and the communities we serve, do hereby commit ourselves to 
the highest ethical and professional conduct and agree: (1) to accept responsibility in mak-
ing decisions consistent with the safety, health and welfare of the public, and to disclose 
promptly factors that might endanger the public or the environment 

1   Adopted in 1976, le code was effective in 1977. 
2   This canon was proposed by the ASCE’s Environmental Impact Analysis Research Council, but 
not proposed to the Board of Directors because the Professional Activities Committee voted 
against (ASCE  2006 ). 
3   In October 2009, the ASCE Board of Direction adopted a new defi nition: “Sustainable 
Development is the process of applying natural, human, and economic resources to enhance the 
safety, welfare, and quality of life for all of society while maintaining the availability of the remain-
ing natural resources”. 
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   The fi rst code of ethics of the European Federation of National Engineering 
Associations (FEANI), in 1992, includes an article dealing with environment 
(FEANI  1992 ). The version adopted shortly after by the French National Engineers 
Association (CNISF, today IESF) was more cautious. The “ Charte d’éthique ” 
which replaced in 2001 the “ code de déontologie ” 4  evokes environment in a more 
straightforward way in several articles.

  The engineer takes into account the health and safety of the public and contributes to envi-
ronment protection in a reasonable manner ( une protection raisonnée de l’environnement ). 
(CNISF  1996 , translation by the authors) 

   The engineer is aware and makes the public aware of the impact of technical achievements 
on the environment. (CNISF  2001 , art. 3) 

   The engineer acts according to the principles of ‘sustainable development’. (CNISF  2001 , 
art. 4, translation by the authors) 

   From this evolution, we come to our research question: “to what extent have 
French engineers (not just their offi cial spokespersons) adopted the view of the 
CNISF/ IESF Charter?” In a hypothetico-deductive approach, we propose to observe 
the relationships between dependent and independent variables corresponding to 
specifi c hypotheses that we seek to test or to invalidate (Popper  1973 ). So, what do 
we know about the engineering profession in France and what hypothesis can we 
formulate?

    1.    Engineers have a special position in the social and the economic world, also in 
the relationship between society and its natural environment. Their professional 
group is considered to bear responsibility for many environmental problems, and 
sometimes also for solutions: in both cases, engineers are supposed to know and 
be able to do what a laymen might not know or not be able to do, or to a lesser 
extent.   

   2.    Previous research suggests that engineers are more optimistic than their fellow 
citizens about the social impacts of technology. Indeed, a survey “Engineering 
Science and Society” (ISS) conducted in 1999 showed that 68 % of French grad-
uate engineers considered that technical progress brings more good than harm to 
humanity (2 % believe that progress brings more harm and 28 % that it brings 
almost as much harm as good) (Didier  2008 ). A survey by the Centre for the 
Study of French Political Life about science conducted at the same period shows 
that, among the French, more than half of the respondents considered that sci-
ence brings as much good as bad and 45 % that it does more good than harm 
(CEVIPOF  2001 ).   

   3.    The analysis of the codes of ethics promulgated in various countries shows an 
emergence, among the engineering profession, of a concern for environment, 
although it is prudent and rather late in comparison with the rest of society.    

4   Both expressions are translated by “code of ethics” in English, but the expression “ code de déon-
tologie ” is usually reserved in France for a professional code which is legally binding. 
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  So our fi rst hypothesis is: 

  Hypothesis 1      The engineers’ environmental attitude differs from those of the French 
and is marked by greater optimism vis-à-vis the environmental impact of technical 
development.   

 For the development of the second hypothesis, we start from the observation that 
the engineering profession in France has undergone profound changes over the last 
20 years:

    1.    The engineering profession is still largely masculine. It is estimated that nation-
ally, the proportion of women among practicing engineers is 17 %. But things are 
changing and the profession feminizes. The share of female graduates among 
engineers who are under 30, is estimated at 26 % (Darsch and Longuet  2011 ).   

   2.    The fl ow of graduates increases and tends to accelerate. There are more and more 
young engineers (under 30). This may generate a generation – or age– effect, 
particularly since the environment issues are still quite recent.   

   3.    The way to access to the engineering degree has evolved over the past 30 years. In 
2010, 85 % of graduates obtained their grade through initial training, with an increase 
of students coming through the parallel admissions track, enabling university stu-
dents to enter engineering schools; 11 % became engineers through continuing edu-
cation and 5 % in apprentice status, which has been proposed since the 1990s only.     

 Hence our second hypothesis: 

  Hypothesis 2      as young people have been sensitized to environmental issues since 
their youth and women are supposed to be more sensitive to environmental issues 
than other members of our societies (because they are supposed to hold more holis-
tic views), young engineers and female engineers express a greater sensitivity 
towards the environmental impact of techniques than their colleagues.   

 Finally, the ISS survey conducted in 1999, with French graduate engineers, high-
lighted strong links between the political and religious attitudes of respondents and 
their professional ethics (Didier  2008 ).

    1.    Practicing Catholics Engineers (22 % of respondents) appeared more sensitive to 
social issues but less sensitive to environmental issues, than their colleagues;   

   2.    Left-wing engineers (26 % of respondents) seemed more concerned about the 
potential negative impacts of technology and they agree more often with the 
environmental and anti-nuclear movements than their colleagues; they seemed to 
have more confi dence in the capacity of democratic debate to guide the country’s 
technical choices.    

  So our third hypothesis is: 

  Hypothesis 3      The values that carry engineers  –  in the fi eld of morality, religion and 
politics  –  affect their environmental attitudes.   

 To test our research hypotheses we have developed a series of questions that 
were included in the annual survey of the French National Council of Scientists and 
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Graduate Engineers conducted in April 2011. More than 39,000 graduate engineers 
responded to the general survey, and more than 27,000 to the optional module on the 
values that we designed. This part consisted of 50 variables dealing with opinions 
and behaviors on ethics, morals, religion and politics. Ten variables were explicitly 
devoted to environmental attitudes including the 6 among the 15 items which com-
pose the “revised” New Ecological Paradigm. To make comparisons with the atti-
tudes of French in general, we relied on the European Values Study (EVS) conducted 
in France in 2008.  

    Specifi c Traits of the Engineers’ Environmental Attitudes 

 Although our investigation focuses on the contemporary period, it seems useful to 
recall the evolution of French public opinion about the environment over recent 
decades. Most investigations dealing with the French and the environment show a 
high stability in attitudes over the past 15 years. More than eight in ten French say 
they are very sensitive or rather sensitive to the environment. If we look closer at 
those who are very sensitive or if we use a fi ner indicator, such as the “deep sensitiv-
ity” (11 % of the French in 2001) we observe an overrepresentation in this category 
of executives, graduates and households with the highest incomes (Bigot  2002 ). 
Social status, education and income appear to be linked with environmental deep 
sensitivity. How about French engineers who are all graduates of higher education, 
benefi t from rather high social status and come for many of them from well-off 
families? 

 The outcome of our research is that the graduate engineers’ attitude towards envi-
ronment differs from that of the other French people and that the variations we 
observed are highly signifi cant (Table  13.1 ). But although engineers share the social 
characteristics of people with deep sensitivity to environmental issues, they don’t 
share their opinion. Overall, engineers appear much more confi dent in “the ability 
of the genius of man to maintain our Earth viable”, which is consistent with their 
training and profession. More surprising is that they reject more the idea the “des-
tiny of man is to dominate nature” although they contribute to make this domination 
possible. Regarding the fragility of nature, which is evoked in items 2 and 4 (two 
items which are negatively correlated in the French population), the attitude of the 
engineers is again very different from that of the French. While an overwhelming 
majority of French (95 %) are concerned about the consequences of human activi-
ties and while only a small minority of them (16 %) believes that nature is able to 
cope with the damage, the engineers’ opinion is divided on both issues (51 % agree-
ment for the two items which are negatively correlated). Finally, the engineers’ 
answers also differ from those of the French about the two items concerning the 
future (the inability to support population growth and the fear of the occurrence of 
a major ecological crisis): engineers are much less concerned by the occurrence of 
an environmental catastrophe if any change is made to the current development 
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(14 % versus 89 %). However, they are much more worried than their fellow  citizens 
by the impacts of population growth (67 % versus 48 %) (Tables  13.2  and  13.3    ).

     So, the engineers’ attitude differs from that of the French in general. It is marked 
by a strong optimism towards technical development and the strength of nature. But 
it also differs from that of the French “ cadres ” (executives). What is striking at fi rst 
glance is the proximity of the answers given by the executives in the 2008 European 
Value Study with the answers given by the French in general, in the same survey. 
The executives trust a bit more than the other French on the ingenuity of man to 
solve environmental problems and believe a little less that an ecological disaster 
will come if nothing changes (with a rate which is very high compared to engi-
neers). When comparing the engineers and executives, engineers appear signifi -
cantly less pessimistic concerning major ecological disasters, and much more 
confi dent in human abilities. Not only the risk of disturbing nature appears less 
problematic to them (51 %, versus 93 % of executives), but they also believe more 
in the genius of man to keep Earth livable (87 % versus 57 % of executives). Much 
more than executives, they think there’s more to worry about population growth 
(67 % versus 44 % of executives). Optimistic regarding techniques, they appear 
more pessimistic in the other fi elds. 

 The correlation matrix reveals important links between “Overpopulation”, 
“Disaster” and “Catastrophe” on the one hand and between “Ingenuity”, “Strength” 

   Table 13.1    Agreement of the French and engineers with six items on environment   

 French 
2008 

 “Cadres” 
2008 

 Eng. 
2011 

 1  We are approaching the limit of the population number 
the earth can support (Overpopulation) 

 48  45  67 

 2  When humans interfere with nature it often produces 
disastrous consequences (Disaster) 

 95  93  51 

  3   Human ingenuity will insure that we do not make the 
earth unlivable (Ingenuity) 

 51  57  87 

 4  The balance of nature is strong enough to cope with the 
impact of modern industrial nations (Strength) 

 16  16  51 

 5  Humans were meant to rule over the rest of nature 
(Domination) 

 23  21  8 

 6  If things continue on their present course, we will soon 
experience a major ecological catastrophe (Catastrophe) 

 89  83  14 

French (EVS) Variables
Variables Overpop. Disaster Ingenuity Strength Domin. Catastr.
Overpopulation 1 0.20 -0.03 -0.04 0.03 0.16
Disaster 0.15 1 -0.08 -0.23 -0.16 0.34
Ingenuity -0.02 -0.11 1 0.34 0.24 -0.19
Strength -0.03 -0.28 0.30 1 0.35 -0.33
Domination 0.02 -0.21 0.23 0.38 1 -0.18
Catastrophe 0.14 0.40 -0.17 -0.32 -0.16 1

   Table 13.2    Correlation matrix for the European values study using Somer’s D (Bozonnet 2010)       
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and “Domination” on the other. To agree with these last three items is to show 
 confi dence in the future and in humans’ ability to “manage” the environment. 
However to agree to the other three items “Overpopulation”, “Disaster” and 
“Catastrophe” is to demonstrate pessimism or at least anxiety. The negative correla-
tion between the two groups of items means that not only do they constitute differ-
ent elective universes but also, these worlds appear in opposition 

 The attitudes of the engineers are characterized by trust and optimism towards 
technical development. The millenarian discourse about the end of the world due to 
environmental catastrophes, where the disastrous consequences of human interven-
tion seem decisive, has little effect on them. Their attitude towards environment is 
in clear dissonance compared to other occupational groups, including executives 
( cadres ) which they belong to. It should also be noted that not only their opinions 
differ greatly from those of their fellow citizens, but the very structure of their envi-
ronmental attitudes is different: two items that are the most linked among engineers 
are among those that repel most among French people: “The balance of nature is 
strong enough to cope with the impact of modern industrial nations” and “If things 
continue on their present course, we will soon experience a major ecological 
catastrophe”.  

    A Low Correlation with Demographic Variables 

 Among the hypotheses that we have formulated, some concern the impact of demo-
graphic diversity on environmental attitudes. One can indeed wonder how feminiza-
tion, rejuvenation and diversifi cation of routes into the profession are likely to 
generate specifi c environmental attitudes? 

 While differences of position with respect to the items of the New Environmental 
Paradigm between men and women are not very signifi cant for the French popula-
tion as a whole, it is quite different among executives (Table  13.4 ). Indeed, for four 
items on the 6, there is a difference of more than 4 %. Thus, women executives 
believe less than men in the capacity of human ingenuity to maintain our Earth liv-
able (−13 %). They show less agreement with the idea that “If things continue on 
their present course, we will soon experience a major ecological catastrophe” 
(−12 %). Finally they believe less than men that “the balance of nature is strong 

Engineers (IESF) Variables
Variables Overpop. Disaster Ingenuity Strength Domin. Catastr.
Overpopulation 1 0,10 0,15 -011 -0,23 -0,17
Disaster 0,11 1 0,25 -0,25 -0,17 -0,14
Ingenuity 0,08 0,12 1 -0,13 -0,25 -0,18
Strength -0,12 -0,25 -0,27 1 0,32 0,30
Domination -0,08 -0,05 -0,17 0,11 1 0,14
Catastrophe -0,10 -0,07 -0,19 0,15 0,21 1

   Table 13.3    Correlation matrix for the engineers survey using Somer’s D (in the 2011 survey)       
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enough to cope with the impact of modern industrial nations” and that “Human 
were meant to rule over the rest of nature” (−7 % for both items).

   Overall, women executives seem to be less confi dent in the capacity of nature or 
of the human genius. This may explain that they believe less than men that the 
human destiny is to master nature and they fear more the possibility of a technologi-
cal disaster. One explanation may be advanced. Women who work as executives are 
better educated than other women. They may have a more critical eye over the rela-
tionships between humans and nature and take more distance from the dominant 
model valued by males. These results lead us to believe that the acquisition of a 
higher social and cultural status allows women to situate themselves in terms of 
environmental attitudes outside the dominant male model. This explanation is con-
sistent with many studies on the importance of work in the emancipation of women. 

 However, the next step of our analysis provides more surprises. Indeed, the dif-
ferences between the attitudes of men and women disappear completely when ana-
lyzing the data from the engineers’ survey. The difference between male and female 
engineers varies up to a maximum of 3 % (for the item “disaster”) and the average 
variation is 1.33 (for all the items) 5  which is less than the variation for the entire 
population (1.83) and much less than that of the  cadres  (6,16). In other words, while 
belonging to the professional group of  cadres  generates different environmental 
attitude depending on gender (women appear less confi dent in human ingenuity and 
in the strength of nature, more dubious about the mission of human to dominate 
nature and more aware of the risks of an environmental catastrophe), belonging to 
the engineering profession annihilates this gender difference. Within the engineer-
ing profession – with a high education and techno-scientifi c expertise, and largely 
male – the difference of opinion regarding indicators of NEP disappears between 
male and female. Of course, the elements of explanation are plural and it is not ours 
to decide. However, we are inclined to believe that the engineers’ workplace infl u-
ence and the predispositions for science that led them to undertake engineering 
studies are two important explanatory factors of female engineer professional iden-
tity – and ethos. 

 If gender generates little difference among engineers with respect to environ-
mental attitudes, age proves slightly more discriminating. Younger engineers appear 

5   The average is calculated from the absolute differences. 

   Table 13.4    Answers to the NEP according to gender   

 French sample EVS 
2008 

 Sample of “Cadres” 
2008 

 Graduate engineers 
2011 

 Overpopulation  Average  M  F  Average  M  F  Average  M  F 

 Disaster  48  49  48  45  45  45  67  67  68 
 Ingenuity  95  94  96  93  93  94  51  51  51 
 Strength  51  50  52  57  62  49  87  87  88 
 Domination  16  16  16  16  18  11  51  51  50 
 Catastrophe  23  24  22  21  23  19  8  9  7 
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a bit more sensitive to environmental issues. This is also what sociologist Jean-Paul 
Bozonnet observed by analyzing the effects of age on the responses to NEP in the 
French part of EVS in 2008 (Bozonnet  2010a ). Younger people are more skeptical 
about the balance of nature (48 % under 30 believe that the balance of nature is 
strong enough to cope with industrial damage, versus 58 % of those over 60). They 
agree less than their elders with the statement that the destiny of humans would be 
to dominate nature (8 % versus 11 %). However, they are less worried about the 
possibility of a major disaster (13 % under 30 versus 19 % over 60). Overall, even 
if the amplitude of the variations is low, the engineers under 30 appear more con-
cerned about environment than the engineers who are older than 60. Because they 
were born at the same time as the concept of sustainable development and its wide-
spread distribution, they were sensitized early to the environmental issues, which 
have been debated a lot in the public arena. Concerning the social diversifi cation of 
the engineering population linked to the multiplication of access ways into the pro-
fession, we just note that the engineers who graduated from the most prestigious 
schools (called group “A+” 6 ) differ from their congeners. They are less trustful than 
the other engineers in the ability of human ingenuity to insure that we do not make 
the earth unlivable, but are more confi dent in the capacity of nature to regenerate 
itself. In addition, they agree more often than the other engineers that if nothing 
changes, a major ecological catastrophe could occur (Table  13.5 ).

   Regarding the infl uence of the type of educational route, variations are not very 
signifi cant (except for items “Strength” and “Catastrophe”). We note however that 
the attitudes of the engineers who entered engineering school through parallel 
admission (i.e. after a fi rst degree at university rather than after a preparatory class) 
are opposite of those of graduates from the most selective schools (A+). A link 
seems to appear between the symbolic hierarchy of the engineering schools and the 
“best way” to get into engineering education and the graduates’ environmental atti-
tudes. The more their study profi le approaches the traditional and historical “best 
way”  (voie royale)  to the diploma (i.e. scientifi c preparatory class followed by an 
engineering program in a A+ school), the less they seem concerned about nature, the 
more they trust in human ingenuity to keep the Earth habitable and paradoxically, 
the more they are concerned about the occurrence of an environmental 
catastrophe. 

 Thus, neither the gender of the respondent, nor their age, appears to be factors 
that explain their environmental attitudes. We observe, however, some variation 
related to the type of engineering educational track, even if they are not all signifi -
cant. Hypothesis 2 is therefore not confi rmed.  

6   In the annual list published by the magazine  L’Etudiant , the group of engineering schools called 
“A +” is composed mainly of Parisian very prestigious schools. They represent 18 % of the engi-
neering students population. 
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    The Engineers’ Environmental Attitudes and Their 
Others Values 

 Is the way people conceive good and evil related with the world of environmental 
attitudes? In our survey, a question was asked about moral attitude. 7  This variable 
provides enough evidence of correlations with environmental attitudes. Within the 
population of engineers, 15 % believe that in moral matters there are clear lines that 
are valid in all situations (“hardliners”), 62 % think it depends on the circumstances 
(“conditional”) and 23 % are not found in either of the two proposals (“moderate”). 
The “hardliners” are less alarmist against the risk of overpopulation (63 % versus 
68 % of all engineers and 48 % of French) and more likely to agree with the idea 
that the destiny of Man is to dominate nature (13 % versus 8 % of engineers and 
23 % of French). Their view is close to that of the French in general about these two 

7   The question the respondents had to answer, was: “Here are three statements which people some-
times make when discussing good and evil. Which one comes closest to your own point of view? (1) 
There are absolutely clear guidelines about what is good and evil. These always apply to everyone, 
whatever the circumstances. (2) There can never be absolutely clear guidelines about what is good 
and evil (3) I disagree with both statements.” 

   Table 13.5    Respondents’ agreement with the 6 NEP items   

 A+ a  
(Eng. 
school 

  Prepa  
before 
school 

 Aver- 
age  

 Other 
Eng. 
School 

 Parallel 
access to 
Eng. 

 We are approaching the limit of the 
population number the earth can support 
(Overpopulation) 

 68  68  67  67  67 

 When humans interfere with nature it 
often produces disastrous consequences 
(Disaster) 

 50  51  51  52  53 

 Human ingenuity will insure that we do 
not make the earth unlivable (Ingenuity) 

 80  86  87  88  88 

 The balance of nature is strong enough 
to cope with the impact of modern 
industrial nations (Strength) 

 58  53  51  49  47 

 Human were meant to rule over the rest 
of nature (Domination) 

 10  9  8  8  7 

 If things continue on their present 
course, we will soon experience a major 
ecological catastrophe (Catastrophe) 

 19  15  14  13  12 

   a  In this table, “A+” and “Other engineering schools” refers to the question “from what school did 
you graduate?” where we distinguish the graduates from the most prestigious schools from the 
others. “ Prepa  before school” and “parallel access” refers to the question “what was your training 
before entering the engineering school?”. We have grouped graduates who went through a tradi-
tional or an integrated preparatory class from those who have entered the engineering degree in 
other ways (i.e. after a fi rst cycle at university, or after a 2 years programs in a technical school). 
24 % of the students belong to this second group  
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items (Table  13.6 ). However, they have different opinions about the strength of 
nature (60 % think it is strong enough to compensate for the industrial damage ver-
sus 51 % of engineers and 16 % of French) (Table  13.6 ).

   The engineers’ religious attitude generates differences of environmental atti-
tudes. Engineers who defi ne themselves as being religious are less concerned than 
other engineers by the risk of overpopulation. They are also less concerned about 
the environmental risks that may result from human actions than the “non-religious” 
and even less than “atheists”. They are more likely to believe that nature is strong 
enough to compensate for the damage caused by the industrialized countries than 
“non-religious” and even more than “atheists” (59 % versus 50 % and 44 %). 8  They 
are however, more sensitive to the risks of a major ecological disaster (21 %) than 
“non-religious” and “atheists” (11 %). It should be noted that these four environ-
mental variables, the correlation with the subjective religious feeling is greater than 
the previous one about moral attitude and far higher than the demographic criteria. 

 The choice between freedom and equality is highly correlated with people’s 
symbolic universe. 9  Engineers who prefer “equality” (and represent 45 % of the 
population) are much more sensitive to the risk of overcrowding that those who 
value more “freedom” (76 % show concern versus 61 % of the “pro- freedom”). 
They give slightly more credence to the ingenuity of man to solve environmental 
problems and have less confi dence in the soundness of Nature (45 % versus 57 %). 
Rejecting the idea that the destiny of man is to dominate nature, they are also less 
pessimistic than the average about the risk of ecological disasters. They promote an 
“ecological discourse” based on greater solidarity and human intervention in the 
process of evolution of the planet. They seem both more concerned over the current 

8   This result is consistent with the trends of greater technical optimism among practicing Catholics 
engineers compared to other engineers in the ISS survey conducted among engineers in northern 
France (Didier  2008 , p. 160; Didier  2009 ). 
9   The question the respondents had to answer, was:“ I fi nd that both freedom and equality are 
important. But if I were to choose one or the other: (1) I would consider personal freedom more 
important, that is, everyone can live in freedom and develop without hindrance (2) I would con-
sider equality more important, that is, that nobody is underprivileged and that social class differ-
ences are not so strong; (3) I don’t know.” 

    Table 13.6    Moral type, religious attitude and the NEP items   

 Overpop.  Disaster  Ingenuity  Strength  Domin.  Catastr. 

 Average  68  52  87  51  8  14 

 Hardliner  63  45  84  60  13  23 
 Moderate  71  48  84  49  7  14 
 Conditional  68  54  88  50  8  12 
 Religious  64  43  86  59  10  21 
 Non religious  69  54  88  51  7  11 
 Atheist  70  58  86  44  8  11 
  French    48    95    51    16    3    89  
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situation and future but also more confi dent in the ability of man to face the situation 
(Table  13.7 ).

   The most politicized engineers are less often than the average concerned about 
the risks of natural disasters caused by human activity. They are also less confi dent 
in the genius of human to protect the environment but believe more in the ability of 
Nature to compensate for the errors caused by the industrialized countries. Finally, 
they are much more likely to believe in the possibility of a major ecological disaster 
(17 % versus 11 % of those who reported “little” or “not interest at all” for politics). 
Moreover, a large majority of engineers who responded to the survey agree with the 
statement that “the engineer must commit to a transformation of society” (85 %, 
including 21 % who say agreed “strongly”). These “pro-commitment” engineers 
show a strong concern about population growth (74 % versus 47 % of engineers 
who answered “no” to this question) and to a lesser extent, they have confi dence in 
the ability of nature to absorb damage due to industrial development (54 % versus 
48 %). Moreover, they believe a little more than the average engineer in the ingenu-
ity of Man (87 % versus 80 %) and do not agree at all with the statement that the 
destiny of man would be to dominate nature (8 % versus 14 %). 

 On a number of aspects, one could highlight the infl uence of the religious atti-
tudes of respondents on their environmental attitudes. Variations also exist when 
considering the criteria of political interest and commitment of engineers to trans-
form society. The engineers who are more interested in politics – and those who 
advocate greater involvement of the profession in the res publica – have a concep-
tion of the relationship of men to the environment which differs from other engi-
neers. They believe that the balance of nature is strong enough to withstand industrial 
damage while worrying about the possibility of a major ecological catastrophe “if 
thing continue on their present course”. Overall, subjective criteria seem most rele-
vant to explain the different environmental attitudes within the engineering profes-
sion that demographics. They offer an intensity of correlation two to three times 
higher than the demographic criteria. From this fact, we can conclude that the ethi-
cal stance, the preference of the respondents for liberalism or egalitarianism, as well 

   Table 13.7    Political attitude and the 6 NEP items   

 Overpop.  Disaster  Ingenuity  Strength  Domin.  Catastr. 

 Average  68  52  87  51  8  14 

 Equality  76  52  89  45  6  11 
 Freedom  61  51  85  57  11  17 
 Engineers should 
engage 

 ++  74  48  87  54  8  17 
 +  69  53  87  52  8  14 
 no  47  53  81  48  14  16 

 Political interest  +, 
++ 

 69  50  85  54  9  17 

 −, −−  66  54  90  48  7  11 
  French    48    95    51    16    3    89  
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as their religious and political attitudes are important variables to take into account 
to understand the environmental attitudes of French engineers. Hence, hypothesis 3 
is confi rmed.  

    Conclusion 

 Our research question fi nds, at the conclusion of this article, an affi rmative answer. 
All hypotheses lead to conclude that environmental dynamics occur at different lev-
els. On the one hand, engineers, differ about environmental attitudes from both the 
average French and the executives. On the other hand, engineers are driven by val-
ues. The different dynamics at work, not exclusive of each other, have their genesis 
in a series of factors – more endogenous than exogenous – probably joining them in 
a complex manner to form a symbolic system capable of structuring intensely the 
universe of representations, beliefs and behaviors related to the environment. We 
believe we have helped to show some kind of pluralism in a profession dominated 
by the scientifi c paradigm, and often seen as homogeneous or monolithic. 

 Regarding the explanation of the singularity of the attitudes of engineers, the 
analyses presented here have eliminated assumptions rather than offered immediate 
response. The lack of gender variation leads us to say that the singularity of the 
engineers’ attitude cannot be explained by the strong masculinity of socio- 
professional group (83 % men). Another outcome is that the feminization of the 
profession is unlikely to produce a transformation of the environmental attitudes of 
the engineers, because their attitudes do not seem to differ from those of their col-
leagues on that topic. The strong correlations between moral attitudes, religious and 
political engineers and their environmental attitudes made us update a relative plu-
ralism within the profession. They do not allow us to advance causal explanations 
of environmental attitudes. Finally, a draft analysis of the respondents’ attitude 
according to their type of engineering education – although not at the heart of this 
work – opens up new avenues of research. It may contribute to better understand the 
profession’s environmental attitudes.     
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    Chapter 14   
 Engineering as a Technological Way 
of World-Making 

             Sylvain     Lavelle      

    Abstract     In  Ways of Worldmaking , Goodman examined the various ways of making 
worlds by comparing the activity of science with that of art. It is however regrettable 
that he did not regard the activity of engineering, thus viewed as a kind of technical 
art, as a genuine  way of worldmaking . Engineering not only deals with the design 
and the production of technical artefacts but is also concerned with their use in as 
far as it tends to ‘make a world’ of a certain kind. One of the main problems in the 
philosophy of engineering is precisely to determine the nature of the relations 
between design and production on the one hand and use on the other. Thus the 
examination of the engineering way of worldmaking leads to focus on the modali-
ties of human action (necessity, obligation, possibility, permission, etc.) in a world 
designed and produced by and through technology. In this respect, the constitution 
of some technological networks and frameworks calls for looking at the web of 
modalities of human agency as entailed by the engineering process.  

  Keywords     World-making   •   Technical artefacts   •   Constitution   •   Modalities  

        Introduction 

 Winston Churchill once said: “We shape our dwellings thereafter our dwellings 
shape us” (Winston Churchill ,  House of Commons, October the 28th, 1948). He 
thus suggested that we, humans or subjects, are the actors by which things or objects 
are being designed and built. But then, the objects are designed and used by humans 
in such a way that they come to shape their daily way of living and behaving, if not 
their way of feeling and thinking. 

 One could enlarge Churchill’s statement and consider the way the objects we 
design, produce and use are the same around the world and shape human conduct 
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and thought in the same way. This raises the question of making the world identical 
in all its parts through the expansion of material and social standards applying to a 
set of technical artefacts. The latter at a certain level of systemic integration are 
assumed to be related to one another in a network but also to function as a frame-
work on a global and local scale. The idea of a standard world that materially and 
socially speaking would be more or less the same in all its parts is frightening for 
some, or reassuring for the others. It echoes Friedman’s myth of the “Flat World” 
and leads to ask the question of the standardisation of objects over the whole planet 
then leading to a single standard world (Friedman  2007 ). 

 Technology in general usually designates an activity that encompasses design 
and production of potentially useful artefacts, while engineering in particular desig-
nates an activity that is one part of the technology process, though an essential one. 
The use of technical artefacts in human business is the common aim of the technol-
ogy process, while the transformation of the natural and human world can be viewed 
as its common end. It can be said that technology especially in the sense and in the 
form of engineering equals making a world or, to use Nelson Goodman’s expres-
sion, is a  way of worldmaking . Unfortunately, the philosopher who authored the 
expression “worldmaking” confi ned it to science and art in the aesthetical sense 
(“fi ne art”) and he did not expand it to art in the technical sense (“useful art”). It is 
then valuable to examine to what extent technology in general and engineering in 
particular can be taken to be a way of worldmaking in Goodman’s sense, or possibly 
in another sense. 

 The “making of a world” refers to the way technical artefacts as designed by 
engineers are arranged and connected and then form a network and a framework for 
humans. It is hardly disputable that engineering as a dynamic process of worldmak-
ing concerns not only the design and the production of technical artefacts, but also 
their use. In addition, engineering as a creative and productive process is twofold 
and combines a descriptive-factual part together with a prescriptive-normative part. 
The classical opposition in philosophy between the “Is” (“what things are”) and the 
“Ought” (“what things ought to be”) is also relevant for the engineering way of 
worldmaking (Lavelle  2006 ). Technology as engineering indeed can be viewed as 
far as its ordinary process is concerned as an activity that is both science-based and 
society- oriented. Hence a set of questions: (1) What is it to “make a world”? (2) In 
what sense can engineering be considered as a “way of worldmaking”? (3) Can the 
notion of technological worldmaking be expressed in terms of “constitution” and 
“modalities” (necessity, possibility, etc.)?  

    Ways of Worldmaking 

 The “World” is quite vague a word and is commonly used in order to designate the 
set of things and beings that populate our environment. The question of the world 
defi nition and delineation (what it is, where it begins, and where it ends) makes it 
quite obvious that a world is not something very defi nite and delineated. A world 
can be my home, my garden, my family, my school, my city, my territory, my 
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district, my country, and possibly all of that to be viewed as a whole. A world can 
be natural, material, mental, social; it can also be small (a  microcosm ), big (a  mac-
rososm ), or something in between (a  mesocosm ), depending on the scale you choose. 
In addition, a world is not only something that is thought over, it is also something 
that is made up, hence the notion of worldmaking. 

    What a World Is 

 The World as a whole is no doubt an  Idea  in the critical sense that Kant gives to this 
word, and certainly not a  Concept  that could be related to a set of empirical data 
(Kant  1787, 2008 ). Kant used to defi ne the world as the set of all phenomena and in 
the transcendental sense as the absolute totality of the whole set of existing things. In 
this respect, the World is something that can be thought about, but not strictly speak-
ing something that can be fully known, for it would exceed the capacities of human 
cognition and experience. Imagine if someone were to ask you to list the set of ele-
ments that exist in the World: a full life would not suffi ce for this Herculean task. 

 “The world is the totality of facts, not of things”, the “philosopher-engineer” 
Wittgenstein said (Wittgenstein  1998 ); yet the world of the engineers is a world of 
things, not facts (McCarthy  2010 ). A world is not merely something that is thought 
about by human beings: a world is basically something that is  made  up on the basis 
of some criteria that helps determine more or less precisely the bonds of a world. 
One can hardly imagine what a world would be without any human determination 
of its boundaries, aspects, elements, conditions, etc., which means that a world is 
always a “world-for- someone”. Otherwise, if it is not a ‘world-for-someone’, the 
world is just a piece of space and time, in other words, some location as related to 
some duration. Nevertheless, it is not easy to clarify what “making a world” actually 
means when it comes to technology taken as a technical art, as compared to science 
and to art in the aesthetical sense. 

 Let us imagine that an old man, John, once an aviator on a fl ight tanker, creates 
a wonderful garden at home so nicely arranged that he spends almost all of his time 
in there. When he used to be an aviator on a fl ight tanker, he spent most of his time 
outside his home, and the world for him was not only his plane and his boat, his 
sleeping and dining rooms, his navy colleagues, but also the sky, the sea and to a 
lesser extent, the earth. More precisely, the world was the piece of sky and the piece 
of sea that he would daily fl y through or over and experience in its various aspects 
(shape, colour, temperature,…). After he retired, the world actually meant some-
thing like his home and his garden more than his plane, his boat, or the sky and the 
sea in some exotic regions. Of course, since he experienced on a daily basis what 
fl ying through the sky and over the sea is about, he has kept in his memory some 
remainders of that time that help him fi gure out what and how the world is. So he is 
quite aware that the world is not bound to his home and his garden, and if he would 
not experience it, at least, he would be taught and informed about it since his very 
childhood. But the fact is, once retired, he has no longer experienced fl ying through 
the sky and over the sea, and what now he does experience about them are the pic-
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tures and the comments he can watch and listen to on his television. This is some-
times a very good substitute to a certain personal experience of a world, but even if 
the TV programme is well done, it does not provide a direct active experience of it. 

 Basically, what makes one think that  a  world is  the  world (for instance, a single 
planet) is the common version that is given when using a map and the fact that this 
version is confi rmed by some other versions (geography books, Internet maps, TV 
programmes, etc.). But  the  world is actually always  one  world, or more precisely 
some pieces of the world, even if one has several versions possible of his or her 
world at hand.  

    Wholes, Parts and Relations 

 One can propose several possible defi nitions of the world and insist either on the 
conceptual aspects or on the experiential aspects of it. The philosophical view on 
the world encompasses the phenomenological notion as well as the logical notion of 
it, alike the  lifeworld  in Husserl, or the  world of things  in Carnap (Ryckman  2007 ). 
Both insights and approaches, though supposedly opposite, refer in different pro-
portions to the material-natural or the social-cultural immediate and ordinary envi-
ronment to which humans relate and in which they live. 

 A world in the  logical  defi nition can be  in extension  the indefi nitely open series 
of existing things and  in intension  the general shape, the overall aspect of reality. 
However the logical concept of “world” is in a way too formal if one considers the 
world as it is experienced by human beings. One can then shift to a  phenomenologi-
cal  defi nition: a world is a set of intentional relations (beliefs, desires, expectations, 
affects, etc.) of humans to things and beings that constitute their experience as 
familiar or unfamiliar. A world can be viewed as a set of regular possibilities for 
cognition, volition and action enabling someone to experience certain things and 
events and, more broadly, to experience a certain way of life (Ihde  1990 ). 

 However, a world is not a mere set of elements, but mostly refers to the specifi c 
 connections  and  arrangements  in terms of relations, structures and situations that 
one can identify among those elements. For instance,  World 1  can be different from 
 World 2  for they have different elements ( a b c  for  World 1  and  a b d  for  World 2 ), 
or because they have different relations between the same elements ( a b c  for  World 
1  and  a c b  for  World 3 ): 

        

World 1 World 2 World 3

Worlds, elements and relations

a b c a b d a c b
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    The World as a part is possibly easier to delineate than the world as a whole. For 
instance, if you compare the North and the South of the Earth, you will fi nd different 
worlds on the basis of their components:

•     World 1  (Europe): oaks, apples, wheat, foxes, dogs, cats, cars, boats, planes, 
computers,…  

•    World 2  (Africa): baobabs, bananas, sorgho, lions, elephants, hyenas, cars, boats, 
planes, computers,…    

 Of course, you would fi nd lions and elephants in the numerous zoos of Europe, 
and conversely, you would fi nd dogs and cats as pets in Africa. But the important 
point is the population of things or beings in each area and the relationship to those 
things and beings as part of our world. If you take the example of bananas, you will 
fi nd them quite freely in Europe, although this fruit does not grow there, and this is 
due to the technical organisation of collecting, freighting and distributing products. 
In this respect, technology has changed our world to the point that we can buy 
bananas, a fruit from outside Europe, every day and everywhere inside Europe, 
almost as if it were a local fruit. However, it is one thing to say that, in both worlds, 
you can fi nd computers, it is another thing to say that, in one world, 80 % of the 
population uses a computer on a daily basis, whereas, in the other world, 10 % of 
the population uses a computer on a daily basis. In both cases, it is the same world 
component (a computer), but it is not the same world, for the relationship to the 
world component is not the same: it is an ordinary tool in one world, but it is a mar-
ginal machine in the other world. 

 Moreover, the notion of world does not refer to a static reality, but rather to a 
 dynamic process  of change in which new things or new beings come into play. Thus, 
one can compare World 2 in its Version A and World 2 in its Version B:

•     World 2 Version A  (Africa): baobabs, bananas, sorgho, lions, elephants, 
hyenas,…  

•    World 2 Version B  (Africa): baobabs, bananas, sorgho, lions, elephants, hye-
nas +  cars, boats, planes, computers, …    

 There are indeed several possible versions of the world, as suggested by 
Goodman, and that depends upon the selection we operate regarding the world’s 
elements and their relations.  

    Making a World 

 It is the merit of Goodman who authored the expression  way of worldmaking  to set 
up a perspective on how humans make a world, be this world that of science or that 
of art. The question of the unity or plurality of the world according to Goodman 
cannot be examined without considering in advance the criteria that give birth to a 
unique structure. For it is from these criteria that versions of the world are devel-
oped by everyone in a more or less aware manner. 
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 In James’ pluralism, the world is made of several  parts ( James,  A pluralistic 
Universe   1909, 1996 ); in Goodman’s pluralism, the world is made of several  versions , 
based upon a variety of  frames of reference  ( Ways of Worldmaking ). For instance:

    1.    “Under frame of reference A, the sun always moves”.   
   2.    “Under frame of reference B, the sun never moves”    

  As Goodman ( 1978 , pp. 2–3) suggests:

  Frames of reference…seem to belong less to what is described than to the system of 
description: and each of the two statements relates what is described to such a system. If I 
ask about the world, you can offer to tell me how it is under one or more frames of refer-
ence; but if I insist that you tell me how it is apart from all frames, what can you say? We 
are confi ned to ways of describing whatever is described. Our universe, so to speak, consists 
of these ways rather than of a world or of worlds. 

   For Goodman, there is no doubt that there is a plurality of versions of the world 
for there is a plurality of ways of structuring aspects of the world whose meanings 
are interpreted and valued in different ways for different individuals. Versions of the 
world that Goodman speaks about are like some unique perspectives from a frame-
work that is specifi c to an individual. Goodman does not claim that it is impossible 
to produce any convergence between versions of the world by different individuals. 
But he argues that it is unlikely that these versions do not differ in at least one 
aspect, be it a minor one. 

 For Goodman, there is no neutral world prior to the human activity and language 
and modes of organization of our existence are not found in the world, but built to 
make a world (Goodman  1978 , p. 20):

  The fact that there are several different versions of the world is hardly debatable. The ques-
tion seems virtually empty know how there are world-in-themselves if any…We might…
take the real world to be that of some one of the alternative right versions (or groups of them 
bound together by some principle of reductibility or translatability) and regard all others as 
versions of that same world differing from the standard version in accountable way. The 
physicist takes his world as the real one…the phenomenalist regards the perceptual world 
as fundamental…For the man-in-the-street, most versions depart in some ways from the 
familiar serviceable world he has jerry-built from fragments of scientifi c and artistic tradi-
tion and from his own struggle for survival. This world, indeed, is the one most often taken 
as real; for reality in a world, like realism in a picture, is largely a matter of habit. Ironically, 
then, our passion for one world is satisfi ed, at different times and for different purposes, in 
many different ways. 

   Thus, according to Goodman, versions of the world are symbolic systems which 
may have different forms and be expressed in words, sounds, images, dances and all 
sorts of symbols. Worlds or versions of the world are made from symbols for man 
is an animal whose language is fl exible, who makes the world with words and who 
composes reality through language. 

 The making of a world can be achieved through several operations:

•     Composition  and  decomposition : we gather and cut into parts by which we divide 
the existing worlds into sub-worlds, and we analyze their features and build new 
relationships until we can combine parts of it in a new way.  
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•    Weighting : we weigh the differences between the worlds that can depend only on 
the greater or lesser emphasis, so that the relevant parts in the world cannot be in 
another world, and vice versa.  

•    Ordering : we order and group objects before incorporating them, and these ways 
are built to order the world, they depend on objects and contexts that we 
consider.  

•    Deletion  and  supplementation : we often remove old material, add new material 
and we collect and add the parts we need.  

•    Deformation : we reform the world or destroy its original form then the re- 
formations can be viewed as corrections or corruptions.    

 One of the critiques of the version-based philosophy of worldmaking pointed out 
that Goodman oscillated between several meanings of the term “world” of which he 
never attempted to give a defi nition (Scheffl er  1980 ). One could add to this critique 
a world is not only a version (a  mental-linguistic system ) but also a set of concrete 
connections and arrangements of things (a  material-social system ) that can be 
designed and produced by a technical work.   

    Engineering as a Way of Worldmaking 

 It might be that technology as an engineering process is a specifi c way a worldmak-
ing in that it not only provides some intellectual or artistic  versions  of the world, but 
also some  fashions , or material and social shapes. In that sense, “worldmaking” in 
engineering refers less to a linguistic approach like in Goodman’s than to an instru-
mental capacity of fi xing and changing the general and particular material and 
social shape of the world. 

    Minds, Matters and Acts 

 The version of a world as made by engineering is not just what you bear in mind 
alike some scientifi c or artistic pictures or images ( imago mundi ). It is actually more 
about what mind puts into  matter  through the mediation of some human acts in 
order to give things their structure, their function and to some extent, their signifi -
cance. In this respect, as suggested by Natasha MacCarthy in her comment on 
Wittgenstein’s  Tractatus logico-philosophicus , the world of technology is “a world 
of things, not facts”: “Engineering is a practical pursuit, ultimately focused on the 
real world, not the idealized conditions explored in the lab or the armchair. Its very 
nature and purpose requires that engineering deals with complexity, contingency 
and context” (McCarthy  2010 ). 

 For instance, if one takes the example of information and communication tech-
nologies, on can distinguish different frames or versions, as suggested by Goodman, 
although the technological equipment is the same:
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•    In  Frame A  (“information society and global village”), the use of computers as 
connected and arranged in so making an information network and framework for 
the users is viewed as making a  world of communication .  

•   In  Frame B  (”control society and global war”), the use of computers as con-
nected and arranged in so making an information network and framework for the 
users is viewed as making a  world of alienation .    

   Examples of frames of references   

  

Frame A

Frame B

“information society and global village”

computer systems + information networks/frameworks = a world of communication

a world of alienation

“control society and global war”

computer systems + information networks/frameworks =

  

    In both worlds, the technological equipment is the same, but the frame on the 
basis of which the actors give some signifi cance to them in terms of “worldmaking” 
is really different (Lavelle  2007 ). 

 The problem in this version-based approach to worldmaking as suggested by 
Goodman is its  idealistic tropism  that tends to neglect the realities of technical arte-
facts to be viewed as a set of concrete material things (Kroes  2012 ). A world is not 
just a scientifi c or an artistic version, it is also a material and social  fashion  not 
reducible to a mere worldview. Both material and social shaping of the world though 
technology and engineering produces some consequences on the  actions  of human 
beings in terms of gain and loss of capacities, in terms of knowledge, action, will, 
experience and signifi cance (Latour  2005 ). 

 For example, one can take the example of what using ICT’s as designed and 
produced with the help of engineers actually entails in terms of gain and loss of 
capacities for the users:
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    Technological shaping of human capacities in the case of ICT’s   

 Knowledge  Action  Will  Experience  Signifi cance 

 Gain  Wide access 
to information 

 Interactive 
behaviour 

 Curiosity for 
the world 

 Open inquiry and 
discussion 

 Power and 
ubiquity 

 Diversity 
of sources 

 Refl ex of 
web surfi ng 

 Will to 
participate 

 Involvement in 
networks 

 Sense of the 
present 

 Loss  Lack of 
validation 

 Media-based 
activity 

 Problems with 
effort/desire 

 Reduction of 
reality 

 Anonymity and 
loneliness 

 Patchwork 
culture 

 Less 
handwriting 

 Need to be 
connected 

 Decline of direct 
contacts 

 Loss of the past 
and the future 

   As Langdon Winner (Winner,  1986 ) suggests, technologies are ways of materially 
and then socially ordering our world and our actions in space and time:

  The things we call ‘technologies’ are ways of building order in our world. Many technical 
devices and systems important in everyday life contain possibilities for many different 
ways of ordering human activity. Consciously or unconsciously, deliberately or 
inadvertently, societies choose structures for technologies that infl uence how people are 
going to work, communicate, travel, consume, and so forth over a very long time. In the 
processes by which structuring decisions are made, different people are situated differently 
and possess unequal degrees of power as well as unequal levels of awareness. By far the 
greatest latitude of choice exists the very fi rst time a particular instrument, system, or 
technique is introduced. Because choices tend to become strongly fi xed in material 
equipment, economic investment, and social habit, the original fl exibility vanishes for all 
practical purposes once the initial commitments are made. In that sense technological 
innovations are similar to legislative acts or political foundings that establish a framework 
for public order that will endure over many generations. For that reason the same careful 
attention one would give to the rules, roles, and relationships of politics must also be given 
to such things as the building of highways, the creation of television networks, and the 
tailoring of seemingly insignifi cant features on new machines. The issues that divide or 
unite people in society are settled not only in the institutions and practices of politics 
proper, but also, and less obviously, in tangible arrangements of steel and concrete, wires 
and semiconductors, nuts and bolts. 

   This view on technology and the kind of bounds they impose upon humans could 
also be well illustrated by a concrete situation in another space-time scale. You are 
an engineer working in a leading world industry: can you refuse to use a computer? 
“Can” here means several things: (a) Do you have the material possibility to do it? 
(b) Do you have the social possibility to do it? (c) Do you even have the mental pos-
sibility to do it? Technological worldmaking characteristically entails this kind of 
“modal” situation in which human actions are materially and socially necessary, 
possible or impossible (Lavelle  2009 ).  

    Technology, Engineering and Worldmaking 

 An overview of the technological process will hold together several stages ranging 
from design and production to the use of technical artefacts. However, the problem 
at stake is not so much the ever relative difference between each category as the 
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difference inside each category. Thus one can fi gure out that the category of design-
ers may count some design people in the technical but also in the aesthetical sense, 
while the category of producers would include engineers and operators. As to the 
users, it could be relevant to make a difference between sub-categories such as: (a) 
 primary users  of technical artefacts who use them as a network but also as a frame-
work for the action of (b)  secondary users  of technical artefacts who benefi t from 
these technical artefacts, but who also undergo the organisation of their world and 
their lives on the basis of this network/framework as designed and produced by the 
primary users with help of designers and producers. 

 For instance, if you need as a secondary user to travel by plane to a country in 
which biometric passports and detection tests are compulsory at the airport, then 
you will have to walk through several control systems put together by primary users 
of this technology: 

   Ways of worldmaking in air travelling   

    

S. Lavelle



261

    If one accepts the distinction between several types of users, namely the primary 
and the secondary users, then one should emphasize the way the use of some techni-
cal artefacts as elaborated by designers and producers by primary users actually 
shape the use of secondary users. Basically, the idea of a technological process as 
forming a chain of actions is on the one hand that engineers design and produce 
technical artefacts, while on the other hand primary users, thanks to technical arte-
facts, design and produce a  world  for the secondary users. In other words, you can 
design and produce a technical artefact, but depending on the way some users use it, 
you design and produce a world for the other users.  

    Types of Technological Worldmaking 

 One can distinguish between several types of worldmaking in the technological 
process and emphasize the specifi city of constitutive and modal way of worldmak-
ing in the shaping of ordinary life practices and theories:

   (TP): a  Technological Process  is a set of operations of design and production of 
some technical artefacts that shape their use in a certain material and social 
context.  

  (TPW): a  Technological Process of Worldmaking  is a set of operations of design and 
production of some technical artefacts that shape their use in a certain material 
and social context  by making a world  for the users.  

  (TPCW): a  Technological Process of Constitutive Worldmaking  is a set of opera-
tions of design and production of some technical artefacts that shape their use in 
a certain material and social context by  making a world that  constitutes  the ordi-
nary life practices and theorie s of the users.  

  (TPMW): a  Technological Process of Modal Worldmaking  is a set of operations of 
design and production of some technical artefacts that shape their use in a certain 
material and social context by  making a world that  modalises  the ordinary life 
practices and theories  of the users.    

 A technology as designed, produced and used respectively by engineers or pro-
ducers and by users or consumers involves a process of ordinary practice-shaping 
and theory-shaping. It is a  practice-shaping  process in that the techniques as used 
within a socio-technical network – that also functions as a socio-technical frame-
work – shape the modalities of ordinary human  action  and then bring about a set of 
practical conditions that the users must adapt. It is also a  theory-shaping  process in 
that the techniques also shape the modalities of ordinary human  thought  and carry 
about a set of “theoretical” options, some worldviews that the users are urged or at 
least incentivised to adopt. In fact, the production of ordinary theories is as much a 
factor of adaptation of humans to a technical system as the production of ordinary 
practices. For technology as a process of  modalisation  expressed in terms of neces-
sity or obligation, possibility and impossibility, etc. not only shapes matters and 
acts, but also minds.   
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    A Modal Constitution of Things and Humans 

 The notion of  Constitution  is used both in logical and phenomenological philosophy 
(from Carnap to Husserl) to designate the linguistic or mental foundation or charac-
terisation of the world objects and of the objects’ structures and relations. It is also 
a useful approach as regards the kind of objects that are humanly shaped and that 
one usually calls artefacts – especially technical artefacts, if one can distinguish 
them from aesthetical artefacts. I would like here to follow a sort of “third way” in 
between the logical and the phenomenological approaches in taking together the 
conceptual and the experiential analysis. In other words, I would like to suggest 
through the notion of  modal constitution  of things and humans – and further of 
human practices and theories – that the structure of relations between objects such 
as socio-technical artefacts can be identifi ed as a network and a framework from a 
conceptual side as well as an experiential side. 

    Constitution of Everyday Life 

 The notion of Constitution that I refer to borrows from Rudder Baker’s  Metaphysics 
of Everyday Life , even if I rather insist on the notion of  modal constitution  which 
quite differs from her view (Rudder Baker  2007 , p. 32):

  Constitution is a very general relation, ubiquitous in the world. It is a relation that may hold 
between granite slabs and war memorials, between pieces of metal and traffi c signs, 
between DNA molecules and genes, between pieces of paper and dollar bills – things of 
basically different kinds that are spatially coincident. The fundamental idea of constitution 
is this: when a thing of one primary kind is in certain circumstances, a thing of another 
kind – a new thing, with new causal power – comes to exist. When an octagonal piece of 
metal is in circumstances of being painted red with marks of the shape S-T-O-P, and is in an 
environment that has certain conventions and laws, a new thing – a traffi c sign – comes into 
existence. A traffi c sign is a different kind of thing, with different causal powers, from a 
scrap piece of metal that you fi nd in your garage. Yet the traffi c sign does not exist sepa-
rately from the constituting piece of metal. Constitution is a relation of unity – unity without 
identity. 

   The notion of Constitution also applies to technical artefacts as opposed to natu-
ral things or objects and as defi ned by Rudder Baker, who focuses on the technical 
artefacts, rather than the aesthetical ( idem , p. 51):

  Technical artefacts (are) the material products of our endeavours to attain practical goals. 
Such artefacts are object intentionally made  to serve a given purpose . Artefacts with practi-
cal functions are everywhere. We sleep in beds; we are awakened by clocks; we eat with 
knives and forks; we drive cars; we write with computers (or with pencils); we manufacture 
nails. Without artefacts, there would be no recognizable human life…Typically artefacts are 
constituted by aggregate of things…Artefacts have proper functions that they are (inten-
tionally) designed and produced to perform (whether they perform it their proper functions 
or not). Artefacts have  intended  functions, which are obviously normative…We cannot 
understand the world we live in without presupposing normativity. 
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   It can be said as regards the assumption of normativity that the nature of an arte-
fact lies in its proper function – what it was designed to do, the purpose of which it 
was produced –, that is, its intended function. And the proper function of an artefact 
is determined by the intentions of its designer and/or producer. 

 If one refers to the general defi nition of “constitution”, if  x  constitutes  y  at  t , and 
 y ’s primary kind is  G , then  x  is in “ G -favourable circumstances” at  t . In the case of 
boats, there are two kinds of “G-favourable circumstances”: (1) the circumstances 
in which a boat may come into existence; (2) the circumstances in which an existing 
boat continues to exist. For (1), the circumstances are the following: (a) the aggre-
gate must be in the presence of one or more persons who know how to build a boat 
from the items in the aggregate, and who either intend to build a boat from the items 
in the aggregate or whose activity is directed by someone who intends to have a boat 
built from the items in the aggregate (b) the items in the aggregate must be manipu-
lated by such persons (either manually or by machine) in ways that execute their 
productive intentions or of those directing the persons; (c) the result of the manipu-
lation must satisfy the productive intentions of the persons.  

    Idea of a Modal Constitution 

 One could mention many critics to this idea of Constitution as elaborated by Rudder 
Baker, especially concerning the notion of “favourable circumstances”. I would just 
like to show that the idea of a  constitution of things and humans  can be expressed in 
modal terms and emphasize the modal conditions of human agency as related to 
artefacts. In fact, what counts as a world for an individual or a group is also the  web 
of modalities  (or modal web) that shapes his or her action in terms of necessity, 
contingency, possibility and impossibility (“theoretical-epistemic” terms), or in 
terms of obligation, liberty, permission and prohibition (“practical-deontic” terms). 
For instance, if I can use a car to make my daily 15 miles journey to work instead of 
using a bicycle, then after a few years, I will certainly take the use of a bicycle to be 
something impossible and the use of a car to be something necessary. 

 This means that we qualify the means and ends in modal terms (necessity, pos-
sibility, etc.), what we may call the  modalisation  of the world’s elements and their 
relations. The modalisation entails that the world is not just a set of elements, but 
also  a set of modal relations between those elements  that shapes the modalities of 
human action and even of human thought in structural and situational terms as inter-
preted by modal judgment. 

 The idea of a  Modal Constitution  is the following:

    (i)    A constitution can be expressed in  modal terms  (necessity, obligation, contingency, 
liberty, possibility, impossibility, permissibility, impermissibility) regarding the 
scope of potential and actual human actions and thoughts as allowed or restricted 
by a network and a framework of socio-technical artefacts.   
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   (ii)    A modal constitution refl ects the way a technology as a  network  and a  framework  
of socio-technical artefacts not only equals the production of human techniques, 
but also entails the production of human practices and even of human theories.    

  One can defi ne the classical way of articulating structures, functions and use of 
an artefact by using the notion of constitution in the following sense:

    1.     Constitution Rule : An artefact  A  is designed, produced and/or used for achieving 
a goal  G  through an action  X  in a context  C .     

 If one takes into consideration the  modalities  of action, then the constitution rule 
can be expressed in the following way:

    2.     Modal Constitution Rule : An artefact  A  is designed, produced and/or used for 
modally achieving a goal  G  through an action  X  in a context  C .    

  The notion of modal constitution also suggests that some elements are related to 
some other elements and then form a  web of modal conditions . For example, X can 
travel by plane to country  C , but provided he owns a biometric passport, otherwise 
he would be able to travel only to countries  non C . 

 The basic model for the modal web referring to the relations between modalities 
can be expressed in the following way:

    3.     Modal Web Constitution Rule : An artefact  A  is designed, produced and/or used 
for modally achieving a goal  G  through an action  X  that modally implies an 
action  Y  in a context  C .     

 This formal model can be translated into a less formal view that gives some kind 
of visual representation of the modal dynamics of human agency as long as it is 
concerned with actions taking place within a technological network and framework. 
Thus one can think of a circle that represents a modal  scope of possibilities  for a 
given human action the size of which varies according to the elements and the ele-
ments’ relations that constitute the evolving technological network and framework. 

   Worldmaking technologies and modal scope of possibilities   

  

Constitution 1.......................Constitution 2……….....Constitution 3
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    For Constitution 1, the scope of possibilities is maximal, while for Constitution 
2, due to some changes in the technological components of the network/framework, 
the scope of possibilities is minimal. This is the case, for instance, when a law 
makes a biometric passport compulsory to travel to country  C  and a user of a plane 
cannot sail across the ocean several weeks and so has to fl y to go there.  

    Modal Analysis and Synthesis 

 One can suggest that the modal constitution of an artefact (or rather a set of arte-
facts) is set up in a given context in the shape of a network that also functions as a 
framework for the users. One can then make a modal analysis as well as a modal 
synthesis of the modal web of actions in order to reveal the set of implications of the 
artefact’s material and social network/framework. 

 Let us take the example of Ivan Denissovitch, the famous hero of Solzhenitsyn’s 
novel (Solzhenitsyn  1962, 2000 ), and let us suppose that Ivan managed to escape 
the Soviet Goulag and then managed to join the “Free World”:

  Ivan Denissovitch is very happy to escape the Soviet Goulag and to join the Free World that 
he views as a kind of promised land. After arriving in the Free World, Ivan is trying to get 
directly to a plane in an airport, but he is biped when walking around a detection system. He 
is harassed by the police asking for his biometric passport, whereas he can just exhibit his 
paper-made and hand-written documents. Then, Ivan cannot fi nd a telephone functioning 
with coins, or ask the people around; they are all running and escaping, talking alone and 
holding their hand on their right ear. He wants to hire a room in a low-cost hotel, but he is 
requested by an answering machine to send a confi rmation by the Internet. When arriving 
at the hotel with a taxi, which displays road information seemingly coming from space, he 
intends to discuss with someone in order to explain his poor situation. But he fi nds nobody 
in the hotel: everything is automatic…provided you have a credit card, and so a bank 
account. Hopefully, Ivan Denissovitch remembers the Goulag, and can enjoy the freedom 
of sleeping outside, without money, in the Free World. 

   If we have a look at the table below, it appears that Ivan Denissovitch uses tech-
nical means that belong to Worlds 1, 2 or 3, but not to World 4:

 Functions  World 1  World 2  World 3  World 4 

 Locomotion L  Walk  Boat  Train, Car  Plane 
 Communication C  Voice  Telegraph  Telephone  Mob. phone 
 Identifi cation I  Name  Identity card  Passport  Bio. passp. 
 Reservation R  Mail  Telephone  Fax  Internet 
 Payment P  Coin  Note  Cheque  Credit card 

        Worlds and Technologies 

 We can now express this specifi c modal constitution as related to a specifi c network/
framework and to a specifi c worldmaking process in using a modal analysis and a 
modal synthesis. In the presentation of the modal analysis and the modal synthesis, 
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I will not use some logical symbols as required in modal logic, such as ◇ for 
“Possibility” or □ for “Necessity”. I will use the terms as expressed in ordinary 
language, but I will keep mainly to the terms as used in  epistemic  and  deontic  logic 
(Necessity/Obligation, Possibility/Permissibility, Impossibility/Impermissibility, 
Contingency/Liberty).

    (I)     Modal analysis     

  In the  modal analysis , one makes an analysis of each modality in order to explicit 
the range of modal options at stake for one type of action:

  Locomotion (L) 
   Necessity/Obligation : X has to take the plane to travel to country C.  
   Possibility/Permissibility : X can take the car, the train or the boat if he/she needs not 

to travel to country C.  
   Impossibility/Impermissibility : X cannot walk if he/she travels across the sea or the 

ocean to country C.  
   Contingency/Liberty : X can take the plane or the boat to travel across the sea or the 

ocean to country C.   

  Communication (C) 
   Necessity/Obligation : X has to use a mobile phone to be able to call from 

anywhere.  
   Possibility/Permissibility : X can use a telephone if he or/she can access it in some 

public or private locations.  
   Impossibility/Impermissibility : X cannot use a telegraph.  
   Contingency/Liberty : X can use a mobile phone or a telephone if he/she does not 

need to be able to call from anywhere.   

  Identifi cation (I) 
   Necessity/Obligation : X has to use a biometric passport to travel to country C.  
   Possibility/Permissibility : X can use a classical passport or an identity card to travel 

to some countries non C.  
   Impossibility/Impermissibility : X cannot use a mere name as such.  
   Contingency/Liberty : X can use a passport or a biometric passport in some countries 

non C.   

  Reservation (R) 
   Necessity/Obligation : X has to use an Internet reservation for hotel H.  
   Possibility/Permissibility : X can use a fax or telephone for hotel non H.  
   Impossibility/Impermissibility : X cannot use a paper mail reservation for hotel H.  
   Contingency/Liberty : X can use an Internet, a fax or a telephone reservation.   

  Payment (P) 
   Necessit y /Obligation : X must use a credit card for payment.  
   Possibility/Permissibility : X can use notes for the payment of hotel H.  
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   Impossibility/Impermissibility : X cannot use cheques for the payment of hotel H.  
   Contingency/Liberty : X can use credit card or a cheque for the payment of hotel H.   

    (II)     Modal synthesis     

  In the  modal synthesis , one makes a synthesis of all the actions implied for each 
modality:

  Necessity N (or Obligation O) 
   Locomotion : X has to take the plane to travel to country C.  
   Communication : X has to use a mobile phone to call from anywhere.  
   Identifi cation : X has to use a biometric passport to travel to country C.  
   Reservation : X has to use an Internet reservation for hotel H.  
   Payment : X must use a credit card for payment for hotel H.   

  Possibility P (or Permissibility P*) 
   Locomotion : X can take the car, the train or the boat if he/she needs not to travel to 

country C.  
   Communication : X can use a telephone if he/she can access it in some public or 

private locations.  
   Identifi cation : X can use a classical passport or an identity card for some countries 

non C.  
   Reservation : X can use a fax or telephone for hotel non H.  
   Payment : X can use notes for the payment of hotel H.   

  Impossibility I (or Impermissibility I*) 
   Locomotion : X cannot walk if he/she travels across the sea or the ocean to country 

C.  
   Communication : X cannot use a telegraph.  
   Identifi cation : X cannot merely use his/her name.  
   Reservation : X cannot use a paper mail reservation for hotel H.  
   Payment : X cannot use cheques.   

  Contingency C (or Liberty L) 
   Locomotion : X can take the plane or the boat to travel across the sea or the ocean to 

country C.  
   Communication : X can use a mobile phone or a telephone if he/she needs not to call 

from anywhere.  
   Identifi cation : X can use a passport or a biometric passport in some countries non C.  
   Reservation : X can use an Internet, a fax or a telephone reservation.  
   Payment : X can use credit card or a cheque.    

 The modal analysis and synthesis explicit the web of modalities as conceptual-
ised and as experienced by some human beings in terms of their actions and as 
regards their modality in the context of a worldmaking technological network and 
framework.  
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    Conclusion 

 Technology and engineering are certainly alike art and science one of the several 
possible ways of worldmaking in that they shape our material and social environ-
ment as well as our daily lives at home, at work, in transportation or on vacation. 
The technological making of a world through engineering can be viewed as a socio- 
technical process that counts several stages, namely those of design, production and 
use of technical artefacts. It is important to understand better the extent to which a 
set of technical artefacts are arranged and connected so that they come to constitute 
a network as well as a framework for the actors or the agents who use them. One can 
say that, at a certain level of integration of technical artefacts, what is at the very 
beginning a mere combination of artifi cial things becomes at the end a genuine 
artifi cial system that bounds the actions of the users for better or worse. 

 The idea of constitution suggests that the distribution of technical artefacts in 
space and time to form a network/framework is not a matter of chance but the result 
of a series of plans and scripts. One can support the idea of a  contextual  constitution 
of things and humans and argue that for an object to be a technical artefact it depends 
upon some criteria to be satisfi ed and upon some “favourable circumstances” to be 
met. This view is not wrong, basically, although it appears insuffi cient mainly for 
reasons of contextual indeterminacy, but also, so to speak, for reasons of  modal 
indeterminacy . The modal approach to constitution makes it explicit that the rela-
tions between the elements of a network that otherwise functions as a framework is 
not only situation-sensitive but also structure-productive. 

 The  modal constitution  of things and humans requires a “model of modalities”, 
an analysis and a synthesis of the modalities of human actions in a material and 
social context shaped by a web of connections and arrangements. These modalities 
refer to the classical modal terms (necessity/obligation, possibility/permissibility, 
impossibility/impermissibility, contingency/liberty). But they are not just some for-
mal concepts, they are also meant to refl ect some informal experiences of human 
beings who produce some situated judgments as lived and expressed in modal 
terms. Moreover, this view is not a static picture, but refers to a dynamic process in 
which the scope of possibilities of the users can vary depending upon the variation 
of the elements and their relations that make a world. 

 Contrary to what Goodman suggested, a world is not a mere scientifi c or artistic 
version: it is also a complex material and social organisation of things that is  made  
by humans and that  makes  their lives.     
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    Chapter 15   
 The Nuclear Pipeline: 
Integrating Nuclear Power 
and Climate Change 

             Jen     Schneider       ,     Abraham     S.  D.     Tidwell       , and     Savannah     Avgerinos     Fitzwater      

    Abstract     This chapter focuses on nuclear scientists and engineers, and the effec-
tiveness of small-scale interventions that could be made to prepare them to consider 
novel kinds of climate disruptions and how such considerations could affect plant 
design and operations. Events at Fukushima in 2011 prompted renewed attention to 
nuclear safety. Soon after, scientists recorded record-breaking global temperatures, 
particularly during the summer of 2012. Perhaps as a result of these two events, 
academics and the media have begun asking whether nuclear power plants are 
robust to natural events beyond the range of available historical data (beyond design 
basis), including climate-related events such as increasing drought and rising 
cooling- water temperatures. Science policy scholars, scientists, and engineers out-
side nuclear science and engineering have begun to pose such questions and model 
possible effects. This study demonstrates there is almost no public discourse and 
very little professional discourse within the nuclear science and engineering com-
munity on this topic. We posit that this is largely because of the insular culture and 
professionalization standards of nuclear science and engineering, which could limit 
the effectiveness of curricular interventions made in engineering education.  
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        Introduction 

 The research in this chapter emerged from a larger project that asked the question: 
can engineering education be reformed to better prepare engineering students to 
incorporate climate variability, as a result of climate change, in their engineering 
design work? The focus of this work has been on infrastructure resilience in particu-
lar: if increasingly severe fl ooding will adversely affect engineered structures such 
as dams and levees, for example, should not engineers be thinking differently about 
design bases, assumptions, and their interactions with other experts, policymakers, 
and the public? 

 Initial work from the project took the form of ethnographic interviews with fac-
ulty members in engineering and the sciences at our university, the Colorado School 
of Mines (CSM). Findings from that study suggested that there were tremendous 
challenges facing efforts to reform engineering education in order to better integrate 
climate change, not the least of which were complex faculty attitudes toward the 
topic itself, but also institutional disincentives and barriers (Lucena et al.  2011 ). In 
fact, there was a signifi cant absence of climate-change related curriculum in the 
university as a whole. This initial work may give us some context for understanding 
why  nuclear science and engineering   educators are ignoring climate change as it 
relates to plant vulnerability: it simply is not yet part of institutional cultures. 

 Furthermore, in 2011, there was a dearth of scholarly approaches to thinking 
about the resiliency of nuclear power plants in response to climate change. The 
authors of this chapter, along with other students involved in the initial stages of this 
research project, were only able to fi nd one or two articles in peer-reviewed sources 
dealing with the subject (e.g., Kopytko and Perkins  2011 ). The majority of other 
sources on the topic, such as websites and blog entries, treated the topic in a fairly 
non-academic fashion. The  Fukushima   Dai-ichi crisis happened in the spring of 
2011, and pundits and nuclear experts alike were renewing their focus on nuclear 
plant resilience, but little of that seemed to be translating into scholarly assessments 
of U.S. plants and  climate change  . 

 The year 2012, however, was to teach us differently. Climate scientists reported 
that they were recording the highest global temperatures on record. Droughts 
became increasingly severe in already-dry parts of the globe; rising sea levels and 
increasingly intense fl oods struck other parts. The summer was intensely hot in 
Western Europe and the Eastern United States, areas with high concentrations of 
nuclear power plants. Blogs, press releases, news stories, and articles in the scien-
tifi c press (such as  Science Magazine  and  Nature Climate Change ) began reporting 
that increasing numbers of nuclear power plants were being shut down because their 
cooling waters were too hot, either for intake or for discharge. Clearly, there was 
something to this issue, despite fi rst appearances. 

 This study emerged from these initial experiences, and the “failure” of our initial 
research into this topic. Science policy scholars, scientists, and engineers outside of 
nuclear science and engineering have begun to think critically about nuclear plant 
responses to climate disruptions. This chapter demonstrates, however, that there is 
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almost no public discourse and very little professional discourse within the nuclear 
science and engineering (NSE) community on this topic. We posit that this is largely 
because of the insular culture and professionalization standards of nuclear science 
and engineering, which – along with material obstacles, such as access to specifi cs 
of plant design and security restrictions – limit the effectiveness of curricular inter-
ventions made in engineering education at the undergraduate and graduate levels.  

    Methodology 

 One emphasis of this chapter is on performing a literature review of relevant policy 
and nuclear science and engineering journals on the topic of nuclear power and 
climate change. The Center for Science, Technology, and Policy Research (CSTPR) 
has identifi ed a list of infl uential journals in science and environmental policy. We 
used this as a starting point for conducting a search on nuclear power and climate 
change, focusing our work on those journals from the list that look specifi cally at 
environmental policy. We also chose to search the journals  Nature  and  Science 
Magazine  because of their stature and wide readerships, particularly in relation to 
climate science and policy commentary. We limited our initial search of the journal 
 Nature  to “Research” articles: future work will need to expand to include the hun-
dreds of commentaries and news pieces related to our topic. The publications we 
searched are listed below.

    1.     Nature    
   2.     Science Magazine    
   3.     Climatic Change    
   4.     Environmental Research Letters    
   5.     Global Environmental Change    
   6.     Weather, Climate, and Society     

We conducted a general search for any original research articles containing the 
phrases “nuclear power” or “ nuclear energy  ” in the text. From these articles, the 
search was further refi ned to focus on those articles that refer to nuclear power and 
energy in the context of climate change. We also chose to review two types of pub-
lications in nuclear science and engineering: the fi ve English-only journals with the 
highest rated impact factors according to the Web of Science, and more operations- 
oriented publications produced by the  American Nuclear Society   (ANS), a profes-
sional organization of scientists, engineers, and other professionals devoted to the 
peaceful applications of nuclear science and technology. ANS has 10,500 members 
in 46 countries, and its publications are widely read by practicing nuclear scientists, 
engineers, and students, (  http://www.new.ans.org/about/history/    ). 

 What became immediately clear is that highly theoretical research published by 
the top journals in nuclear science does not address the primary concerns of power 
plant operators. These top journals were searched and, yielding no results, eventu-
ally excluded. On the other hand, it seemed possible that ANS publications might 
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address climate change as affecting nuclear power plant production in some way. 
Because the focus of the paper is on  electricity   generation, we focused our search to 
articles that addressed the nexus of climate change and commercial-scale nuclear 
power plant production or  small modular reactor   (SMR) design. The following ANS 
publications were also searched using the keywords “climate change,” “global 
warming,” “climate disruption,” and “climate variability”:

    1.     Fusion Science and Technology    
   2.     Nuclear Science and Engineering    
   3.     Nuclear Technology    
   4.     Nuclear News  (magazine)    

Finally, we also searched the websites of the two most prominent nuclear industry 
organizations, the World Nuclear Association (WNA) and the  Nuclear Energy 
Institute   (NEI) for articles addressing nuclear plant resilience to climate change. 
Both organizations have a strong web presence, and a core mission of communica-
tion with the public. Both could be described as industry front or trade groups. 

 We read abstracts for all articles that resulted from these searches, and then con-
ducted a keyword search for “nuclear” within the article to determine its relevance 
to our topics and hypotheses and to look for repeating patterns, approaches, and 
attitudes toward nuclear. Articles that were irrelevant to our topic, or which only 
addressed climate change and nuclear power tangentially, were excluded. Policy 
modeling papers that explored nuclear power more thoroughly, particularly in rela-
tion to emissions targets, were included. 

 Articles were coded by summarizing each relevant article and then we organized 
these notes by thematic unit in order to determine relevant categories (Frey et al. 
 2000 ). For example, as we searched the policy journals, we looked for articles that 
addressed how nuclear power was understood as a response to climate change. In 
some of these cases, nuclear power took on the role of being a key decarbonization 
technology. In others, the articles refl ected policy scholars’ concerns about public 
resistance to nuclear power plant builds. Therefore, we added a category titled “pub-
lic acceptance of nuclear power as a response to climate change.” We added catego-
ries in this way as they emerged from the coding and then organized articles into 
categories in order to understand general patterns in the literature.  

    Nuclear Power as Climate Policy 

 In their 2004  Science Magazine  article “ Stabilization Wedges  : Solving the Climate 
Problem for the Next 50 Years with Current Technologies,” Stephen Pacala and 
Robert Socolow famously argue that the challenges posed by climate change could 
be solved in the “fi rst half of this century simply by scaling up what we already 
know how to do (Pacala and Socolow  2004 ). Pacala and Socolow demonstrate how 
this could be done by dividing carbon emissions into a series of seven “wedges,” 
with the wedges representing avoided carbon emissions resulting from 
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technological and social improvements in energy effi ciency or development. 
Accomplishing the reduction implied by the wedges would limit atmospheric CO 2  
to 500 parts per million (ppm) – an amount the authors argue “would prevent most 
damaging climate change.” 

 Pacala and Socolow identify at least 15 strategies for accomplishing the wedged 
reductions that involve scaling up existing energy production or consumption tech-
nologies. In retrospect, we now see that some wedges are more feasible than others. 
For example, the authors argue that society could accomplish one wedge of CO 2  
reductions by replacing 1,400 GW of low-effi ciency coal-fi red power plants with 
gas plants. Unlike some of the other strategies – the ones requiring signifi cant per-
formance from  CO 2  Capture and Storage   (CCS) facilities, for example – this par-
ticular strategy might prove to be economically and politically feasible depending 
on the development of shale gas, which in turn faces substantial public opposition. 

 Pacala and Socolow’s article was historically signifi cant in part because it galva-
nized discussions about concrete climate policy action, and because its central 
assumptions are representative of persistent climate policy debates. For example, 
their work forces us to ask whether we can accomplish climate goals using tech-
nologies we have, or whether we must launch a “Manhattan Project” for new energy 
research and development. This is arguably an unresolved and ongoing climate 
policy debate. The Pacala and Socolow proposal also focuses on mitigation strate-
gies, as opposed to adaptation strategies, another contentious area of debate. 
Ongoing research regarding the feasibility of their ideas continues (e.g., see Pielke 
 2010 ; Socolow  2011 ). 

 Pacala and Socolow’s article is interesting as context: it is typical of how those 
concerned with policy think about nuclear power, which is as a mitigation response 
to climate change. Nuclear fi ssion is a stand-alone strategy on Pacala and Socolow’s 
list; the authors argue that doubling our current nuclear capacity to 700 GW would 
accomplish the reduction of one wedge of CO 2  emissions by 2054. This optimistic 
outlook for nuclear seems both unrealistic and unreasonable now; however, this 
article was written before the meltdowns at the Fukushima Daiichi reactors in 2011 
and the consequent reduction in German and Japanese electricity production from 
nuclear power. The article was also published before the 2008 global recession, 
making it still possible for US and European utilities or states and developing- world 
economies to imagine investing billions in building large-scale nuclear reactors. 
Such building continues in China, of course, but at a somewhat less aggressive pace 
than before (Yiyu  2012 ). 

 Despite these concerns, the promise of nuclear power as a response to climate 
change persists. It is appealing because it promises to provide massive amounts of 
baseload power, if we continue with large-scale plant building, while emitting a 
reasonably small amount of CO 2  into the atmosphere, particularly when compared 
with coal or gas plants. It does not face the same storage problems that renewable 
technologies such as wind and solar face, and it is easily transmitted over existing 
power distribution networks. Furthermore, many of the licensing hurdles that 
nuclear plants have faced since the 1980s promise to be reduced by an improved and 
streamlined regulatory regime, which might improve building effi ciencies and 
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therefore reduce cost overruns. In addition, SMRs are receiving increasing attention 
as a possible response to the problems posed by huge power plants; they may be 
more economical and more easily maintained and licensed than large plants, and 
answer a philosophical resistance to large-scale energy production (e.g., Winner 
 1986 ). Arguments such as we have listed here in favor of the nuclear solution are 
frequently made by those arguing for a “moonshot” approach to energy develop-
ment and climate policy (e.g., Bryce  2010 ). 

 A wide swath of thinkers and scholars think of nuclear power as a climate miti-
gation strategy. Advocates of the “ nuclear renaissance  ” – including some formerly 
notable anti-nuclear environmentalists such as Patrick Moore (Madrigal  2007 ) and 
Gwyneth Cravens ( 2007 ) – tout nuclear as the truly environmental response to cli-
mate change, and a relatively safe technology in comparison with fossil fuel elec-
tricity production. Similarly, policy scholars also see nuclear power as a key 
decarbonization strategy, particularly in cases where stringent emissions targets 
have been set. There are a few minor exceptions and corollaries to this generaliza-
tion, but it is notable that, in general, scholars assume nuclear is a feasible and/or 
necessary climate solution (Bosetti et al.  2009 ; Bush and Harvey  1997 ; Buttel et al. 
 1990 ; den Elzen et al.  2008 ; Green  2000 ; de Lucena et al.  2010 ; Luderer et al.  2012 ; 
Mander et al.  2007 ; Mohnen et al.  1991 ; Myhrvold and Caldeira  2012 ; Riahi et al. 
 2011 ; Rosenberg and Scott  1994 ; Schultz et al.  2003 ; Urban et al.  2009 ). The indus-
try groups – WNA and NEI – also beat this drum exceptionally loudly. WNA and 
NEI mention climate change frequently on their websites, but only in the context of 
justifying a nuclear renaissance. 

 In critical policy terms, however, one could argue that the future of nuclear is 
anything but bright, and the possibility of a nuclear renaissance looks bleak. There 
is no doubt that, if we did not have social, economic, or ethical concerns, nuclear 
power would be an excellent technological response to climate change, but such a 
world in which power plants operate separate from their socio-political context does 
not exist. Nuclear opponents are, of course, stridently opposed to such expansion of 
nuclear power. Furthermore, there is some concern or suspicion among a number of 
policy scholars as to how countries will meet seemingly unrealistic emissions tar-
gets and/or avoid catastrophic climate change when prevailing trends against nuclear 
are unfavorable, and the immense number of reactors that would be required to suc-
cessfully meet such targets are economically infeasible (Collier and Löfstedt  1997 ; 
Davis et al.  2010 ; Pielke  2009a ,  b ; Webber  2007 ; Yue and Sun  2003 ). Other scholars 
suggest that while nuclear power might be a promising decarbonization technology, 
political and social forces may prevent its implementation. Public views on these 
two issues – nuclear power and climate change – are incredibly complex (Bostrom 
et al.  2012 ; Carr-Cornish et al.  2011 ; Pidgeon et al.  2008 ; Rayner  1993 ; Truelove 
and Greenberg  2012 ; van Vuuren et al.  2007 ). 

 Yet only a few policy scholars openly critique nuclear power as a response to 
climate change, citing concerns over its technocratic nature, which has implications 
for social justice and community engagement, or its inability to respond quickly and 
with fl exibility to changing climate policies (McEvoy and Wilder  2012 ; Trancik 
 2006 ). Scholars are more likely to take a social constructionist view of nuclear 
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power, examining when and how it is invoked or used in the context of climate 
change (Rogers-Hayden et al.  2011 ).  

    Does Climate Change Pose a Risk to Nuclear Power? 

 The nuclear industry, generally speaking, invokes climate change primarily as a 
justifi cation for supporting a nuclear renaissance in the United States and abroad. 
Popular books on the subject, including Gwyneth Cravens’  Power to Save the World  
( 2007 ), Herbst and Hopley’s  Nuclear Energy Now  ( 2007 ), and Charles Ferguson’s 
 Nuclear Energy: What Everyone Needs to Know  ( 2011 ) make this argument, and 
industry websites such as those of the WNA and NEI frequently speak about nuclear 
power’s value in mitigating climate change. Referring to climate change is a central 
component of contemporary nuclear renaissance discourse. The study of how 
nuclear power plants will respond to climate change itself, however, is still clearly 
in its infancy. Engineers, scientists, regulators, and policymakers who are involved 
in designing and maintaining the existing environment across multiple sectors are 
struggling with how to retrofi t, plan around, or otherwise prepare for climate disrup-
tions, which are still uncertain and diffi cult to predict at local scales. Nuclear plant 
design, construction, and maintenance are no different in terms of facing similar 
challenges. Yet we can begin to identify some vulnerabilities that nuclear plants in 
particular face as a result of increasing global temperatures and disruptions, and 
which are being addressed in the policy literature: 

  Ability to Discharge Cooling  Water       This is the most prominent concern expressed 
in the literature (Aaheim et al.  2012 ; Golombek et al.  2012 ; Rübbelke and Vögele 
 2012 ; Van Vliet et al.  2012 ; Vine  2012 ). During the 1970s, nuclear power plants 
came under intense public and environmental scrutiny due to their contributions to 
the “ thermal pollution  ” of rivers and lakes used to discharge cooling water. As a 
result, governments created regulations that required plants not to exceed certain 
temperatures when discharging their cooling water. However, as global tempera-
tures rise, the temperature of rivers and lakes may also rise. Power plants may not 
be able to discharge warm cooling waters into rivers and lakes or risk exceeding 
temperature levels. Consequently, some regulators are actually raising the allowable 
temperatures for discharge to accommodate the plants (Godoy  2006 ).  

  Access to Cooling Water     There is some concern among experts outside of NSE 
that, as droughts get more severe and access to water more contested, nuclear plants 
may have to undergo extensive  retrofi tting   measures (such as having intake pipes 
lowered), endure closures (temporary or otherwise), or politically maneuver for 
water rights in highly contested policy terrains (Rübbelke and Vögele  2012 ; Stillwell 
et al.  2011 ; Van Vliet et al.  2012 ). There has been some public concern about how 
rapidly changing ecosystems may affect oceanic cooling waters. For example, some 
have predicted a “jellyfi sh apocalypse”: As ocean waters warm, scientists expect 
species such as jellyfi sh to thrive. Jellyfi sh are also easily sucked into intake pipes, 
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fouling up cooling water mechanisms for power plants (Attrill et al.  2007 ; see Eng 
 2012 ). However, in general the policy literature there is mostly concern about 
 drought   and water availability.  

  Siting Problems     Some scholars are also concerned about how shifting climate pat-
terns or melting permafrost will affect the buildings of the plants themselves, or 
change the way plant builders have historically chosen sites, i.e., near bodies of 
water that have historically been replenished by signifi cant snowfall (Bulygina et al. 
 2011 ; Nelson et al.  2001 ).  

 The signifi cance of nuclear plant shutdowns or effi ciency losses resulting from 
 climate disruptions   is presently hard to quantify, and even harder to predict for the 
future. Yet, some research suggests that the frequency and/or severity of nuclear 
plant effi ciency losses or shutdowns are increasing as the climate warms because of 
the reasons described above. Van Vliet et al. ( 2012 ), suggest that the Southern and 
Eastern US will be most vulnerable, along with the Southwestern and Southeastern 
parts of Europe (p. 2). These authors argue that substantial losses in effi ciency in 
Europe occurred in 2003, 2006, and 2009, and in the US in 2006–2007 (p. 1). 
Recent news reports also tell of effi ciency losses or shutdowns in US plants, occur-
ring in 2011 and 2012, at plants that had not seen such shutdowns before. 

 The elements identifi ed above form the framework of the paradox in understand-
ing the relationship between nuclear power and climate change. As Rübbelke and 
Vögele put it in a 2011 article in  Climatic Change :

  Nuclear energy is frequently regarded as a vehicle to reduce CO2 emissions and thus to 
combat global warming. Yet, there is also a reverse interrelation: the nuclear power sector 
is negatively affected by climate change, since cooling processes of power plants are 
likely to be impaired by climate-change related extreme weather events like droughts and 
heat waves. 

 For reasons discussed below, the nuclear industry does not seem to be paying 
much attention to this paradox.  

    Industry Responses 

 Those in the nuclear industry are clearly aware of these issues, but according to our 
research, frame them as falling under typical operations and maintenance. One 
example is illustrative. The NEI features a blog called “NEI Nuclear Notes.” It was 
in this blog that we found the  only  nuclear science, engineering, or industry 
responses to nuclear power plant resilience and climate change. On the blog, the 
author responds to concerns about rising temperatures of cooling waters with the 
following points (“The Truth”  2006 ):

    1.    These issues are not particular to nuclear plants but to all thermoelectric plants, 
which “account for over 80 % [sic] of all electricity generated on the planet;”   

   2.    Usually, nuclear plants don’t have to shut down altogether, like wind power gen-
eration did during the 2006 heat waves (because the wind wasn’t blowing);   
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   3.    And nuclear plants can be designed to “minimize water usage” and therefore not 
suffer from droughts.    

These responses are not wholly satisfying: they do not address our central paradox, 
which is that the industry has represented itself as a meaningful solution to climate 
change, yet has not adequately or meaningfully addressed its vulnerabilities to sig-
nifi cant climate disruption. Furthermore, while plants  may  be designed to minimize 
water usage, that does not mean they  can  currently operate in that way, especially in 
areas not historically accustomed to drought-like conditions, but which may encoun-
ter them as the global climate continues to change. Instead, existing nuclear plants 
have primarily been designed using historical environmental and climate data rather 
than predictive data. 

 In a related post on  NEI Notes , the author writes that nuclear is being held to an 
unfair standard compared with coal-fi red or gas-fi red plants; these plants are also 
vulnerable to supply disruptions, particularly when overwhelmed with peak loads, 
such as during a heat wave, or even during an exceptionally harsh winter. The author 
also notes that environmental regulations for thermal pollution are probably “over- 
conservative and not based on today’s best available science,” though no link to this 
science is provided (Countering More Propaganda  2006 ). Again, this answer seems 
unsatisfying, perhaps because the nuclear industry has made so much of effi ciency 
gains and high capacities, and of their ability to mitigate climate change. Furthermore, 
risks of nuclear accidents increase with extensive wear and tear of infrastructure, 
and the scale of a potential nuclear accident may far exceed that of a gas-fi red or 
coal accident. If a nuclear plant must be shut down for a long period of time due to 
water-related issues, then questions about when to begin the very expensive decom-
missioning process must be raised. 

 Finally, in a third blog post,  NEI Notes  provides a meaningful answer to our para-
dox when it briefl y suggests that the industry is attempting to respond to the thermal 
pollution problem, in some cases by building “small cooling towers to pre-cool 
discharge water.” Still, the author does not explore this in depth, and soon returns to 
the problems with wind power’s intermittency and coal and natural gas’s inability to 
address meaningfully the climate problem (Revisiting Nuclear  2012 ). 

 Though neither scholarly nor complete, at the very least these blog posts 
acknowledge the problems raised by van Vliet et al., and attempt to respond. By 
contrast, in our study of the scholarly literature and the literature produced by the 
ANS we found  not one instance  of scholars, scientists, or engineers addressing in 
research articles or public discourse the potential challenges posed to nuclear plants 
by climate change.  

    Discussion and Conclusion 

 The research above reveals a possible discourse gap between those concerned about 
nuclear power plant resilience and those who design and operate nuclear power 
plants but who do not seem to be discussing resilience in terms of climate change at 
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all. Here, we attempt here to describe why this discourse gap might be occurring, 
proposing these possible explanations in a spirit of humility and inquiry. It is pos-
sible, for example, that our methodology is not sound; we acknowledge that those 
who operate and maintain nuclear power plants may be having these discussions, as 
might industry insiders, behind closed doors. The Nuclear Regulatory Commission 
(NRC), the regulatory body within the U.S. responsible for the safe use of radioac-
tive materials for civilian use, may be accounting for climate disruptions out of the 
public eye, and may be doing so using terms other than “global warming” or “cli-
mate change.” When we presented our research to energy policy experts and to the 
NSE students and faculty at CSM, however, none raised the possibility that we 
missed important publications or venues where these discussions were happening. 
To the contrary, their impressions matched our own: these discussions are  not  occur-
ring in nuclear science and engineering. The possible reasons for  why  they are not 
occurring are many. They are outlined here. 

   Climate Skepticism       First, research emerging from this research project confi rmed 
what many of us who had worked as engineering educators for years already sus-
pected: engineers, generally speaking, may be more resistant to “believing in” or 
taking seriously climate change and climate change research. These fi ndings are 
discussed in detail in Lucena et al. ( 2011 ).  

 Furthermore, it seems important to acknowledge that not  all  scientists support 
the consensus on anthropogenic climate change; some scientifi c disciplines, includ-
ing Physics, may be more likely to be skeptical of this consensus. Most NSE pro-
grams have some foundation in Physics or Mechanical Engineering programs. 
Myanna Lahsen ( 2008 ), Laura Nader ( 1981 ), and others have convincingly argued 
that physical scientists and engineering, as disciplines, encourage skepticism as a 
cultural value. In fact, a number of prominent physicists – particularly those who 
made their careers during the postwar era – have also emerged as strong doubters of 
climate change theory. It seems possible, if not likely, that nuclear scientists and 
engineers might absorb this culture from professors and mentors, and that such 
beliefs might translate into an unwillingness to engage in discussions about nuclear 
power plant resilience to climate change. 

  Disciplinary Factors     Another possible explanation grapples with the nature of the 
development of the nuclear engineering discipline and curriculum itself. According 
to Sean F. Johnston, the peculiar nature of the development of nuclear engineering 
as a discipline made nuclear engineers subservient to the state and the technology 
that brought them into existence. Consequently, nuclear engineers had little oppor-
tunity to establish social and economic relationships common to other professions; 
develop a coherent and cross-cutting curriculum; and, in the case of the United 
Kingdom, play a major part in the industry they were created to serve. Summarizing 
the current status of the nuclear engineering discipline, Johnston ( 2012 ) states:  

   If the fi eld of nuclear engineering were considered in the framework of development psy-
chology, the neutron’s children [nuclear engineers] might be perceived as suffering from 
arrested development, peculiar idiosyncrasies and worldview, insecure self-image, weak 
communication skills, and poor socialization with their peers. The gradual estrangement of 
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their governments and the traumatic experiences of Three Mile Island, Chernobyl, and 
Fukushima furthered shaped their identity. 

 Without the opportunity to properly develop as a discipline, nuclear engineering, as 
the segment of NSE that deals most directly with nuclear plant operations, possibly 
never developed the educational capacities necessary to grapple with the challenges 
posed by climate change. 

  Climate Change as a Wicked Problem     A third explanation for this discourse gap, 
in addition to the cultural ones outlined above, is the nature of climate change itself. 
As many scholars have noted, climate change is particularly diffi cult to communi-
cate and plan for because it is a diffuse and ubiquitous threat; it evolves relatively 
slowly compared with the rapid pace of human news and policy cycles; and its 
effects will be uneven and unpredictable at the local scale. This makes it a so-called 
“wicked” problem. These characteristics could lead to any number of responses 
from scientists and engineers. One response could be fatalism: if climate change is 
going to be as bad as some scientists predict, then nuclear power plant effi ciency 
will be low on the totem pole of priorities. Another response might be denial; the 
scope and the severity of the climate problem is so great, it is perhaps easier to dis-
count it as the delusional ramblings of greedy climate scientists. Or, perhaps, a third 
response – and one that we feel is quite likely – is that nuclear scientists and engi-
neers might see climate change as just another engineering problem. They believe 
they know how to engineer for severe weather, earthquakes, even terrorists crashing 
jetliners into plants. Increasing drought or rising sea levels can be dealt with as well. 
This also appears to be the position the NRC took when recently responding to 
public concern about potential rising sea levels at a plant applying for re- licensing  . 
The correspondence from the NRC to a concerned letter-writer in response to these 
sea level concerns was as follows (Nuclear Regulatory Commission  2012 ):  

   The NRC has multiple processes to evaluate the adequacy of current plant operations and 
licensing bases. Should the NRC become aware at any time of information calling into 
question the continued safe operations of any nuclear power plant … the NRC will take the 
appropriate actions as part of the agency’s ongoing safety oversight, regardless of whether 
those plants have sought or are seeking a renewed license. 

 This response further supports the argument that scientists and engineers within the 
nuclear fi eld believe that impacts from climate change can be tackled like any other 
engineering problem. Furthermore, the NRC does not appear to be concerned about 
the impacts from climate change until they pose specifi c threats, which does not 
indicate much concern for long term planning. 

 There is also a tendency in NSE to argue that nuclear  has  addressed concerns 
such as drought, cooling water temperatures, and safety, primarily through the 
development of Generation-IV designs which do not require water for coolant, or 
which can be developed and deployed on a local scale in the form of small modular 
reactors (SMRs). In our experiences, face-to-face discussions about plant resilience 
almost always end up focused on these future, not-yet-implemented technologies. 
However, such future technologies are yet to be deployed on a utility-scale, poten-
tially face numerous social, economic, and political challenges, and do nothing to 

15 The Nuclear Pipeline: Integrating Nuclear Power and Climate Change



282

address the vulnerabilities of the more than 400 plants that already exist worldwide. 
This rhetorical shift to future technologies also serves to emphasize the supremacy 
of technical discourse and the technological fi x, ground upon which scientists and 
engineers often feel most comfortable (see Weinberg  1994 ). 

  Political Economy     A fourth explanation for the discourse gap has to do with poli-
tics and economics. On a practical level, the costs of adaptation to climate change 
might be tremendous. Retrofi tting plants for risks that  may  occur but that are not 
accounted for in a plant’s existing design basis is unpalatable from an industry per-
spective. Fluctuations in the economy exacerbate fi nancial concerns, particularly in 
the wake of the 2008 fi nancial crisis. Furthermore, following the Fukushima crisis 
and the push to denuclearize electricity production in many parts of the world, the 
industry has seemingly more pressing concerns. In the words of one colleague from 
NSE, “We [the industry] just have other priorities right now.” Such a sentiment is 
congruous with political approaches to risk in the United States in general, where 
we tend to be reactive when crisis hits, rather than proactive in trying to head off the 
crisis to begin with.  

 Similarly, while climate change might provide a positive justifi cation for build-
ing more nuclear power plants (the “nuclear renaissance” reasoning) there are 
strong disincentives to explore the downsides climate change might pose. From a 
public relations perspective, it is diffi cult to argue that climate change is both good 
for the industry  and  bad for it, and the industry is not likely to point out its potential 
weaknesses in this regard. Furthermore, many utilities own not only nuclear power 
plants but also coal-fi red and gas-fi red power plants, which are a primary source of 
the very greenhouse gases that are accelerating climate change to begin with. The 
industry and its public relations organizations must be careful in how they address 
this paradox. 

  The NSE Pipeline     A fi fth explanation might unite all of those presented above, 
and, from our point of view, is most compelling. This explanation is largely an 
instrumental one, and suggests that, quite simply, there is just no space in NSE to 
meaningfully take up climate change and plant resiliency as a research question. 
When Jen presented this research to a group of NSE students at CSM, one asked, 
“Why don’t you start an academic journal about this?” She replied, “Why don’t 
 you ?” The discussion that ensued suggested that such a thing was atypical of the 
culture of NSE. There are no panels at the annual ANS conference on such topics; 
no publication venues; no funding opportunities; no classes; no publications. There 
do not even seem to be casual side conversations on the topic.  

 If this is true, then there are signifi cant ramifi cations for those interested in engi-
neering reform that advocates introducing climate change more meaningfully into 
these engineering students’ curricula. If not meaningfully addressed by their profes-
sors, colleagues, future employers, journal editors, or conference organizers, cli-
mate change becomes just another concern of the liberal arts professor, and a dodgy 
one at that. If the entire professional pipeline of NSE, from diploma to retirement, 
is built to shut out such concerns, what hope do micro-interventions or modest 
reforms have? Such classroom interventions will only be successful if integrated 
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into “pipeline” efforts that target practicing scientists and engineers, professors, 
employers, and policymakers, in addition to undergraduate and graduate students. 

 Which brings us to our last possibility, which is the possibility that climate 
change really does not pose much of a threat to nuclear power plants, especially 
when compared to other concerns we might have. We acknowledge that this may 
be the case. Yet, we would make the case to nuclear scientists and engineers that 
their voices are needed at the table of this particular discussion in order to deter-
mine if inaction is the best course. We would encourage them to propose a panel at 
ANS, to write an editorial on the subject, to post blog entries, and to push their 
colleagues and professors to address the question. Perhaps the answer is an easy 
one, perhaps not. In any event, the question of whether nuclear power plants are 
resilient to climate change is being asked by the public, the media, and experts 
outside of NSE; pretending that the question has not been posed is not a good strat-
egy and, at worst, could backfi re on the industry the way so many issues of public 
concern have in the past.     
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    Chapter 16   
 Societal Implications of the Smart Grid: 
Challenges for Engineering 

             Joseph     Herkert        and     Timothy     Kostyk      

    Abstract     The smart grid, which would combine advanced information and 
communication technologies with a new generation of electric power production, 
transmission, and distribution technologies, has been highly touted as a solution to 
modernizing the U.S. electric grid while simultaneously addressing other policy 
goals such as improving energy effi ciency and expanding the use of renewable 
energy resources. As with any large scale socio-technical system, however, the 
smart grid raises a number of societal issues that are interwoven with its technical 
capabilities. This chapter discusses three such issues – privacy, security, and equity – 
and argues for addressing them concurrent with the development of the smart grid, 
as well as educational reforms that will better position engineers to recognize and 
address such issues.  

  Keywords     Smart grid   •   Privacy   •   Security   •   Equity   •   Education  

        Introduction 

 The world’s electricity systems face a number of challenges, including ageing infra-
structure, continued growth in demand, the integration of increasing numbers of 
variable renewable energy sources and electric vehicles, the need to improve the 
security of supply and the need to lower carbon emissions (IEA  2011 ). In the United 
States and some other countries, the electrical power grid is deteriorating. In the 
U.S. the annual number of large power outages has been increasing since the late 
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1990s (Amin and Schewe  2007 ). For two consecutive days in July of 2012, India 
experienced blackouts that took down large portions of the country’s power grid. 
The second outage was the largest in history, leaving more than 600 million people, 
nearly a tenth of the world’s population, without electricity (Romero  2012 ). The 
numbers, duration, and impact of power failures have severe implications for an 
energy-intensive way of life, economic stability, and even national security. 

 One proposed engineering response is widely known as the “ smart grid  .” The 
increasing occurrences of outages and instances of cyber intrusions between 2000 
and 2008 were considered so threatening to U.S. economic viability and security 
that the federal government, as part of the American Recovery and Reinvestment 
Act of 2009, earmarked more than $3.3 billion in smart grid technology develop-
ment grants and an additional $615 million for smart grid storage, monitoring, and 
technology viability as an initial investment in building the smart grid. In addition, 
utilities have begun to mount demonstration projects and government and profes-
sional societies have begun the development of smart grid standards. Worldwide, 
investment in smart grid technologies totaled nearly $14 billion in 2012, topped by 
the U.S. at $4.3 billion and China at $3.2 billion. Major investments also occurred 
in the rest of Asia and the European Union (Rogers  2013 ). 

 The smart grid will be comprised of three fundamental structural elements: 
replacement of aging core physical infrastructure items including transmission lines 
and switching equipment with more effi cient and reliable newer technologies; two- 
way distributed and loosely coupled supply and demand connectivity to the grid, 
which allows consumers to supply electricity through technologies such as photo-
voltaic cells and wind power; and, most importantly, highly optimized two-way 
information and communication technology (ICT) systems architectures and net-
works that control the grid through process- and rule-based programs to match 
power demand with supply in order to improve effi cient use of energy resources. 
The conceptual model at the core of the smart grid is based upon a framework devel-
oped by the  U.S. National Institute of Standards and Technology   (NIST) that is 
composed of seven distinct domains – Markets, Operations, Service Provider, Bulk 
Generation, Transmission, Distribution and the Customer – and the resulting rela-
tionships among the domains (see Fig.  16.1 ).  

 One aspect of the NIST model is especially noteworthy; the domain model is 
based on a services based architecture (known as “actor-application”) where each 
domain can literally exist anywhere. A home or business can possess generation 
capabilities transmitted to a distribution point within a building or plant, maintained 
by a control panel on a computer with excess power sold to a neighbor or across the 
country by markets controlled by internet based companies. For example, as noted 
in a recent  New York Times  article, “Google won federal approval in February to buy 
and sell electricity on American electricity markets.” It also plans to offer “tools for 
measuring the electricity consumption of home appliances through partnerships 
with companies like General Electric” (Bhanoo  2010 ). In the future the intelligence 
to control these services is predicted to be “cloud” based internet applications much 
like the banking system of today (NIST  2012 ). 
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 The European Union (EU) plan for Smart Grid development has taken the NIST 
model to the next level of complexity and fl exibility. The EU model, developed by 
the Smart Grid Coordination Group of three standards organizations, Comité 
Européen de Normalisation (CEN), Comité Européen de Normalisation 
Électrotechnique (CENELEC), and European Telecommunications Standards 
Institute (ETSI), extends the NIST model by incorporating two additional actors: 
Distributed Energy Resources and Microgrid technologies architecture (see 
Fig.  16.2 ). Together these additional actors allow for a Smart Grid that is more 
modular in design with the ability to integrate power sources which can be isolated 
from the main grid into smaller grids. This extended NIST model allows more resil-
ience and security by allowing the smaller grids the ability to disconnect from the 
large grid in the case of security breaches or disruptions or damage to other parts of 
the physical grid. A side benefi t from a segmented grid built on Microgrid technolo-
gies is the ability to introduce privacy based data restrictions within individual 
Microgrids. (CEN-CENELEC-ETSI  2012 ).   

    Benefi ts of the Smart Grid 

 The fundamental differences between the existing grid and the smart grid are the 
ICT and distributed connectivity capabilities where the solid lines in Figs.  16.1  and 
 16.2  represent data networks which can exist via the internet or cloud and where the 
components can exist within the same building or across the country. It has been 
estimated that a smart grid could save U.S. utilities and their customers as much as 

  Fig. 16.1    NIST smart grid framework (NIST  2012 , p. 42)       
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$20.4 billion annually by 2030 (Zeller  2010 ); however, the potential benefi ts of the 
smart grid extend well beyond the energy cost savings. 

 Amin ( 2004 ) has noted: “All economic and societal progress depends on a reli-
able and effi cient energy infrastructure; for instance, banking and fi nance depend on 
the robustness of electric power, cable, and wireless telecommunications. 
Transportation systems including military and commercial aircraft and land and sea 
vessels depend on communication and energy networks. The linkages between elec-
tric power grid, telecommunications, and couplings of electric generation with oil, 
water, and gas pipelines are ever increasing and continue to be a lynchpin of energy 
supply networks.” According to the International Energy Agency (IEA  2011 ) the 
Smart Grid has six key characteristics that will contribute to a stronger energy infra-
structure and thus provide enhanced economic benefi ts (See Table  16.1 ).

   Many of these characteristics rely upon the smart grid’s ICT backbone. For 
example, an important aspect of Characteristic 2 (see Table  16.1 ) is the ability, uti-
lizing smart grid ICT technologies, to spread the risk of price shocks in conven-
tional fuels for power generation to other forms of power generation using substitute 
or renewable sources. Prior to the development of smart grid technologies it was 
diffi cult or even impossible to integrate these power sources on a large scale into the 
traditional transmission system. Additionally, smart grid technologies, specifi cally 
emerging Microgrid technologies (Farhangi  2010 ), provide the consumer the ability 
to interface with multiple power sources, thereby allowing individuals and 
 businesses the opportunity to seamlessly replace or augment more expensive power 
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  Fig. 16.2    EU extension of NIST framework (CEN-CENELEC_ETSI  2012 , p. 21)       
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with cheaper power or even their own generated power, which if produced in excess 
of personal demand could be sold on the open market. 

 Characteristic 4 (see Table  16.2 ) refers primarily to centralized power and the 
pricing of electricity based upon the power quality needs of various customers. 
What the table fails to illuminate is that power quality can be augmented by con-
sumers of power through devices or even by segmenting sections of their power 

    Table 16.1    Smart grid characteristics (IEA  2011 )   

 Characteristic  Description 

 1. Enables informed 
participation by 
customers 

 Consumers help balance supply and demand, and ensure reliability by 
modifying the way they use and purchase electricity. These 
modifi cations come as a result of consumers having choices that 
motivate different purchasing patterns and behavior. These choices 
involve new technologies, new information about their electricity use, 
and new forms of electricity pricing and incentives 

 2. Accommodates all 
generation and storage 
options 

 A smart grid accommodates not only large, centralized power plants, 
but also the growing array of customer-sited distributed energy 
resources. Integration of these resources – including renewables, 
small-scale combined heat and power, and energy storage – will 
increase rapidly all along the value chain, from suppliers to marketers 
to customers 

 3. Enables new 
products, services and 
markets 

 Correctly designed and operated markets effi ciently create an 
opportunity for consumers to choose among competing services. 
Some of the independent grid variables that must be explicitly 
managed are energy, capacity, location, time, rate of change and 
quality. Markets can play a major role in the management of these 
variables. Regulators, owners/operators and consumers need the 
fl exibility to modify the rules of business to suit operating and market 
conditions 

 4. Provides the power 
quality for the range of 
needs 

 Not all commercial enterprises, and certainly not all residential 
customers, need the same quality of power. A smart grid supplies 
varying grades (and prices) of power. The cost of premium power- 
quality features can be included in the electrical service contract. 
Advanced control methods monitor essential components, enabling 
rapid diagnosis and solutions to events that impact power quality, such 
as lightning, switching surges, line faults and harmonic sources 

 5. Optimizes asset 
utilization and 
operating effi ciency 

 A smart grid applies the latest technologies to optimize the use of its 
assets. For example, optimized capacity can be attainable with 
dynamic ratings, which allow assets to be used at greater loads by 
continuously sensing and rating their capacities. Maintenance 
effi ciency can be optimized with condition-based maintenance, which 
signals the need for equipment maintenance at precisely the right 
time. System-control devices can be adjusted to reduce losses and 
eliminate congestion. Operating effi ciency increases when selecting 
the least-cost energy-delivery system available through these types of 
system-control devices 

 6. Provides resiliency 
to disturbances, attacks 
and natural disasters 

 Resiliency refers to the ability of a system to react to unexpected 
events by isolating problematic elements while the rest of the system 
is restored to normal operation. These self-healing actions result in 
reduced interruption of service to consumers and help service 
providers better manage the delivery infrastructure 
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infrastructure or by merely purchasing power from multiple suppliers which guar-
antee levels of power quality through service level agreements (SLA) (Gustavsson 
and Ståhl  2010 ). This is a common ICT practice in many companies for all aspects 
of the technical infrastructures and the ICT infrastructure which supports them. This 
blending of responsibility and source of power based upon quality not only allows 
for competitive pricing among suppliers but also allows the consumer the means to 
control costs through conditioning their own power when protecting valuable pieces 
of equipment which are vital economic assets of companies and individuals alike.

   Characteristic 5 (see Table  16.2 ) points to the Smart Grid’s ability to manage the 
grid in a holistic manner (Nampuraja  2011 ) using an ICT approach known as IT 
Service Management (ITSM). ITSM is a process-based practice that aligns the 
delivery of services with the needs of the customer. An important aspect of ITSM is 
its ability to manage assets of entire systems through a parallel and simultaneous 
system of Service Support (SS) and Service Delivery (SD). Both SS and SD deli-
cately balance asset management and maintenance while insuring virtually uninter-
rupted service at agreed upon levels, once again based upon the SLA model. (See 
 ITIL, n.d.  for a more detailed discussion of ITSM.) 

 The traditional grid which we live with today will transform to an “end state” 
grid which ultimately may look different than currently planned models. As noted 
by the U.S. Department of Energy (DOE):

  The Smart Grid will consist of millions of pieces and parts – controls, computers, power 
lines, and new technologies and equipment. It will take some time for all the technologies 
to be perfected, equipment installed, and systems tested before it comes fully on line. And 

    Table 16.2    Potential privacy 
consequences of the smart 
grid ( EPIC, n.d. )  

 1. Identity theft 
 2. Determine personal behavior patterns 
 3. Determine specifi c appliances used 
 4. Perform real-time surveillance 
 5. Reveal activities through residual data 
 6. Targeted home invasions (latch key 
children, elderly, etc.) 
 7. Provide accidental invasions 
 8. Activity censorship 
 9. Decisions and actions based upon 
inaccurate data 
 10. Profi ling 
 11. Unwanted publicity and 
embarrassment 
 12. Tracking behavior of renters/leasers 
 13. Behavior tracking (possible 
combination with personal behavior 
patterns) 
 14. Public aggregated searches 
revealing individual behavior 
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it won’t happen all at once – the Smart Grid is evolving, piece by piece, over the next 
decade or so. Once mature, the Smart Grid will likely bring the same kind of transformation 
that the Internet has already brought to the way we live, work, play, and learn ( DOE n.d. ). 

   While the innovative features of the smart grid hold great potential for improved 
energy effi ciency through better management of consumer demand and improved 
stewardship of energy resources including greater utilization of renewable gen-
eration, they also pose a number of social and ethical challenges including: pro-
tecting the  privacy   of consumer usage information;  securing the grid      from attacks 
by foreign nations, terrorists, and malevolent hackers; and ensuring  social justice   
in determining the price of electric power service. As with many new technologies 
the engineers engaged in developing the smart grid often overlook such issues or 
only turn to considering them once the technical standards and specifi cations have 
been settled. Failure to address these issues in a timely manner, however, may 
result in delays in establishing the smart grid and undermine its potential. 
Engineers and others involved in developing the smart grid need to examine ways 
to address organizational, social, and ethical dimensions that distributed genera-
tion and more extensive efforts to infl uence consumer usage patterns will raise. 
The cost of doing so would amount to an insignifi cant fraction of the projected 
necessary investments. 

 Preparing engineers to recognize and address such issues presents a signifi cant 
challenge for  engineering education  . While several models of curriculum change to 
incorporate smart grid concepts have been proposed (e.g., Reed and Stanchina 
 2010 ; Sluss  2011 ), most focus solely on the technical aspects of the smart grid to the 
neglect of privacy, security, equity, and other social and ethical issues.  

    Privacy 

 As is the case for many other modern ICT applications such as the Internet and 
geographical positioning system (GPS), ensuring consumer  privacy   will be a chal-
lenge for the smart grid. Up until now our personal energy usage had been recorded 
by simple consumption metrics such as kilowatt hours measured using a conven-
tional meter attached to a home or business. In the initial transition to a smart grid, 
utilities have begun to install “ smart meters  ” that can provide feedback to the utility 
and customers (as often as every 15 s) on such factors as time of use of electricity; 
65 million residential smart meters are expected to be in service in the U.S. by 2020 
(Zeller  2010 ). Since many appliances have a unique “load signature,” smart meter 
data can be analyzed to determine the types of appliances and other equipment con-
sumers are using (Bleicher  2010 ). In the future, as more demand side technologies 
are developed, the smart grid could have the capability to monitor and control the 
usage of every plugged-in electrical device, which would allow the electric utility to 
turn the device off during times of peak demand to balance load across the grid. For 
the privilege of acquiring data and controlling consumer electrical devices utility 
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companies may charge a reduced rate. Alternatively, rate structures that vary by 
time of day or fuel source (coal vs. wind, for example) may be instituted in order to 
infl uence consumer energy usage behaviors. 

 As we move from theory to design, the emerging smart grid will become a vast 
ICT network populated with a diverse set of data acquisition devices capable of 
tracking the source, ownership, performance, and behavioral characteristics of each 
connected component. The smart grid technologies with the potential to be privacy 
invasive include “smart” power meters, energy monitoring and control software 
programs, and monitoring chips built into devices that consume electricity. 

 In addition to control and monitoring functions, however, the smart grid will 
have the ability to collect, aggregate, and store individual consumer usage data such 
as the temporal pattern of electricity usage and the number, type, and usage of elec-
trical appliances and electronic devices. Analysis of this data could reveal such 
information as home occupation patterns, the number of occupants, and the manu-
facturer and usage of individual devices – valuable to utility planners but addition-
ally to marketing agencies, insurance companies (property, health, and life) and, 
potentially, criminals (for example, outsiders may be able to tell when a home is 
occupied, determine the type of security system, and learn other sensitive informa-
tion). As Table  16.2  indicates, the list of potential privacy implications of the smart 
grid is extensive. 

 Collection and storage of data are only part of the issue. Ultimately, the privacy 
implications of the smart grid rest upon who  owns  consumer data (Cardenas and 
Safavi-Naini  2012 ). Much like the data acquired by supermarket bar-code scanners and 
loyalty cards, data on specifi c devices in homes and consumers’ patterns of energy use 
will become a prized resource. Electric utilities or third-party vendors may sell per-
sonal data to other organizations to defray costs or simply to increase profi ts. 

 Data available through the smart grid will not necessarily be limited to electrical 
usage data. For example, as noted in an article in  Computerworld : “GE is even 
building a smart refrigerator that will be able to read the bar codes of food contain-
ers. It'll be able to keep track of what's been bought, what recipes can be made from 
the food it contains and what should be on next week's grocery list (Cline  2009 ).” 

 The PowerMeter application developed by Google is an example of how third- 
party vendors may become involved in the management of smart grid data. An 
Internet-based application, PowerMeter received real-time information from utility 
 smart meter  s and energy management devices and provided customers with access 
to their home electricity consumption on their personal iGoogle home page. 
According to McDaniel and McLaughlin ( 2009 ): “Although Google has yet to 
announce the fi nal privacy policy for this service, early versions leave the door open 
to the company using this information for commercial purposes, such as marketing 
individual or aggregate usage statistics to third parties.” Though Google discontin-
ued the service in 2011, it is only one of many data-hungry organizations racing to 
develop smart grid monitoring equipment and data systems. 

 Of course, like supermarket loyalty cards, utility customers may be willing to 
give up some of their personal data if they think it is being used benignly and if they 
are getting something in return (such as reduced prices or rates). Up to now, how-
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ever, utilities have not had to deal with consumer energy usage data on this scale; 
they may be unwilling to incur the added expense of protecting consumer data from 
illegitimate uses or reassuring consumers that this data is protected adequately. The 
implications have not escaped the privacy watchdogs or even high-ranking U.S. 
federal government offi cials. Indeed, former Commerce Secretary Gary Locke 
warned that privacy concerns might be the “Achilles’ heel” of the smart grid. 
Achieving public acceptance of the smart grid may prove diffi cult if privacy con-
cerns are not addressed in a proactive manner. 

 One refl ection of consumer concern over the smart grid and privacy is that public 
controversies, utility commission investigations, and legal cases have already begun 
to emerge in several places including Nevada, Colorado, Maryland, Illinois and 
Texas in the United States (Mufson  2011 ; Cardenas and Safavi-Naini  2012 ) as well 
as in other countries including the Netherlands, Australia, and the United Kingdom 
(Global Smart Grid Federation  2012 ). Perhaps the best known smart grid case, 
which involved a class-action lawsuit, is Bakersfi eld, California where customers of 
Pacifi c Gas and Electric Company (PG&E) claimed that their utility bills rose sig-
nifi cantly after installation of  smart meter  s (Chediak  2009 ). In an Illinois court case 
with privacy implications, compulsory smart meters are being contested on the 
grounds of violation of 4th Amendment protections against privacy invasion and 
illegal search (Munkittrick  2012 ). 

 There are no federal laws on the books in the U. S. specifi cally regarding the 
smart grid (Munkittrick  2012 ) and existing privacy laws have limited application 
(McDaniel and McLaughlin  2009 ). There has, however, been no lack of federal 
government studies on the smart grid and privacy issues, including reports by the 
National Institute of Standards and  Technology   (NIST) ( 2010 ), the Department of 
Energy (DoE) ( 2010 ), and the Congressional Research Service (CRS) (Murrill et al. 
 2012 ). According to legal blogger David Munkittrick ( 2012 ), the reports recom-
mended the following guidelines for smart grid development:

•    Appoint personnel responsible for data security and privacy.  
•   Regularly audit privacy procedures.  
•   Establish procedures for law enforcement data requests.  
•   Provide notice to consumers in advance of collection and use of energy use data.  
•   Aggregate and anonymize data in a way that personal information or activities 

cannot be determined.  
•   Keep personal information only as long as necessary to accomplish the purpose 

for which it was collected.  
•   Allow individuals access to their personal energy data to correct inaccuracies.   

NIST has also established a privacy working group under the framework of its 
Cyber Security Working Group. Per Cardenas and Safavi-Naini ( 2012 ): “The goal 
of the Privacy group is to identify and clearly describe privacy concerns with energy 
usage data and to propose ways to mitigate these concerns. In addition, the group 
strives to clarify privacy expectations, practices, and rights with regard to the Smart 
Grid.” 
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 Utility regulators in the U. S. have been sensitive to the smart grid privacy issue 
for more than a decade. In 2000, the  National Association of Regulatory Utility 
Commissioners   (NARUC) passed a “Resolution Urging the Adoption of General 
Privacy Principles For State Commission Use in Considering the Privacy 
Implications of the Use of Utility Customer Information” including provisions 
relating to the importance of privacy interests, customer determination of the degree 
of privacy extended to them, required informed consent by consumers for use of 
non-service or non-billing related data, and provision of data to third parties pursu-
ant only to utility commission approval (NARUC  2000 ). More recently, NARUC 
( 2011 ) passed a “Resolution on Smart Grid Principles” which includes sections on 
protections for vulnerable consumer groups, access to data by consumers and third 
parties (subject to informed consent of the consumers), and the importance of main-
taining consumer privacy. 

 In 2011, The  California Public Utility Commission   (CPUC) became the fi rst 
state commission to promulgate regulations on the privacy and security of consumer 
usage data that the Center for Democracy and Technology describes as “…a remark-
able achievement that merits the attention of not only utility commissions in other 
states but also of stakeholders in other sectors, for it shows that a comprehensive 
privacy and data security framework can be crafted that supports both technology 
innovation and consumer protection” (Dempsey  2011 ). 

 The issue of privacy and the emerging Smart Grid is becoming noticed world-
wide. In a recent directive the  European Commission Data Protection Working 
Party   alerted the public to the potentials of Smart Grid data acquisitions: “The 
Europe-wide rollout of ‘ smart meter  ing systems’ enables massive collection of per-
sonal information from European households, thus far unprecedented in the level of 
detail and comprehensive coverage: smart metering may enable tracking what 
members of a household do within the privacy of their own homes and thus building 
detailed profi les of all individuals based on their domestic activities” (European 
Commission Article 29 Data Protection Working Party  2013 , p. 4). 

 A number of approaches to smart grid design aimed at protecting consumer pri-
vacy have also been proposed including anonymizing sensitive consumer data by 
distinguishing high-frequency metering data from low frequency data or by data 
aggregation; power routing to prevent individual appliance data from being detected 
at the meter; and optimizing sampling frequency to balance data needs and privacy 
concerns (Cardenas and Safavi-Naini  2012 ). A more comprehensive approach, 
involving organizational as well as technical innovation, that was adopted by San 
Diego Gas and Electric (SDG&E) in 2012, is to apply the “ Privacy by Design   
(PbD)” principles developed by Ann Cavoukian, Information and Privacy 
Commissioner of Ontario, Canada:

  Privacy by Design (PbD) principles may be integrated right from the start as utilities begin 
their Smart Grid implementations, thus helping to make sure that customer information is 
protected. Embracing a positive-sum model whereby privacy, security and energy conserva-
tion may be achieved in unison is key to ensuring consumer confi dence in electricity pro-
viders as Smart Grid projects are initiated. In addition, customer satisfaction with and trust 
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of Smart Grid initiatives is an integral factor in the success of energy conservation and other 
goals of Smart Grid efforts. (Cavoukian and Winn  2012 , p. 5). 

 PbD is based on seven Foundational Principles (Cavoukian and Winn  2012 , p. 6):

    1.    Proactive not Reactive; Preventative not Remedial   
   2.    Privacy as the Default Setting   
   3.    Privacy Embedded into Design   
   4.    Full Functionality – Positive-Sum, not Zero-Sum   
   5.    End-to-End Security – Full Lifecycle Protection   
   6.    Visibility and Transparency – Keep it Open   
   7.    Respect for User Privacy – Keep it User-Centric    

These principles were adopted for the smart grid context in a collaboration between 
SDG&E and Ann Cavoukian’s group (see Table  16.3 ).

   In addition to providing a roadmap for utilities, PbD provides an excellent frame-
work for educating engineers on the importance of privacy. As Meldal et al. ( 2008 ) 
have shown, privacy and related concerns can and should be incorporated in both 
general education and engineering  curricula  :

  With the ever-increasing embedding of interconnected computing platforms at the core of 
our lives and of society, the successful trust systems issues education of the population in 
general and of the engineering professionals in particular becomes a matter of critical soci-
etal concern. 

 Educational institutions benefi t from taking an holistic approach to teaching security- 
and trust-related topics. The very ubiquity of the challenge can be made a vehicle for educa-
tion, allowing for a pervasive injection of the concepts (and underlying technological and 
political challenges) of the interplay of security, trust, privacy and technology throughout 
the core as well as the discipline-specifi c curriculum components. (Meldal et al.  2008 , p. 8) 

   With so much awareness of the importance of privacy on the part of nations, 
federal agencies, regulators, and smart grid technology designers, one would think 

   Table 16.3    Smart grid privacy principles (Cavoukian and Winn  2012 , p. 13)   

  1. Smart Grid systems should feature privacy principles in their overall project governance 
frame work and proactively embed privacy requirements into their designs, in order to prevent 
privacy-invasive events from occurring  
  2. Smart Grid systems must ensure that privacy is the default – the “no action required” mode 
of protecting one’s privacy – its presence being assured  
  3. Smart Grid systems must make privacy a core functionality in the design and architecture of 
Smart Grid systems and practices – an essential design feature  
  4. Smart Grid systems must avoid any unnecessary trade-offs between privacy and legitimate 
objectives of Smart Grid projects  
  5. Smart Grid systems must embed privacy end-to-end, throughout the entire life cycle of any 
personal information collected  
  6. Smart Grid systems must be visible and transparent to consumers – engaging in accountable 
business practices – to ensure that new Smart Grid systems operate according to stated 
objectives  
  7. Smart Grid systems must be designed with respect for consumer privacy, as a core 
foundational requirement  
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that privacy concerns will be comprehensively addressed. As seen in other areas of 
emerging technology, however, legal and ethical responses often lag far behind such 
issues (Marchant et al.  2011 ). Ultimately, the problem won’t be solved until 
 consumers are convinced their privacy is being preserved. As noted by the Electronic 
Privacy Information Center ( EPIC, n.d. ): “The key to privacy protection is to have 
the user maintain control over the collection, use, reuse, and sharing of personal 
information including their use of electricity.”  

    Security 

 Unsurprisingly, many  security   aspects of the smart grid look like those of the 
Internet. Although the Internet has not been designated as the primary source of ICT 
communications, the smart grid will more than likely mature into a system that will 
utilize the Internet as its backbone. To secure both the informational and power- 
carrying capacity of the smart grid two important features must be addressed: the 
physical security of power and ICT networks and equipment and the security of 
huge databases and computers that analyze the data. The smart grid of the future 
will integrate both these networks creating the ability for either one to cause disrup-
tion to the other. Examples abound where highly automated systems have been 
brought to a halt or damaged by failures or security breaches in their ICT backbones 
(e.g., failures in automated securities trading, cyber warfare damage to Iran’s centri-
fuges for nuclear fuel enrichment, and malevolent hacking resulting in infi ltration 
and shutdown of corporate and government Web sites). 

 As noted by Kosut et al. ( 2011 ), “Future smart grids will likely to be more tightly 
integrated with the cyber infrastructure for sensing, control, scheduling, dispatch, 
and billing. Already the current power grid relies on computer and communication 
networks to manage generation and facilitate communications between users and 
suppliers. While such integration is essential for a future ‘smart’ grid, it also makes 
the power grid more vulnerable to cyber-attacks by adversaries around the globe.” 

 Security breaches in the smart grid could lead to brownouts or even blackouts, 
and could cause serious, long-term damage to power generation, transmission, and 
distribution equipment. With the integration of power and ICT networks, power 
delivery components and even everyday power devices (such as appliances) will 
become nodes on the Internet. In the future,  cyber-attacks   such as denial-of-service 
or virus attacks could cause outages in the smart grid and limit electricity supplies, 
including critical services such as infrastructure and public safety. These attacks 
could originate anywhere in the world and could start as easily as introducing false 
data regarding energy usage across many nodes. What do these concerns mean for 
the development of security mechanisms, policies, and practices to secure the smart 
grid? There will be pressure to introduce a wider range of surveillance technologies; 
such technologies are already at the forefront of many heated debates regarding the 
intrusion of local, state, and federal governments, and also corporations, into the 
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daily lives of individuals. Security and surveillance systems bring their own data 
needs, which promise to further erode personal freedoms, including privacy. 

 One of the most important security concerns of the smart grid is the viability 
of nation states to protect themselves from having their infrastructures crippled 
during time of war or as a lead up to hostilities. As the electrical grids of almost 
all modern societies have become the nerve center for economic, military and 
vital social systems the attack on these systems could lead to the collapse of 
entire societies. 

 As noted by Metke and Ekl ( 2010 ), “This vulnerability was considered such a 
potential risk that the U.S. government identifi ed it as core element of legislation 
following the New York terrorist attacks of 2011. The need for critical infrastructure 
protection was fi rst mandated by the Patriot Act of 2001 (Section 1016, the Critical 
Infrastructure Act of 2001). In 2003, Homeland Security Presidential Directive 
(HSPD) 7 established the national policy requiring federal departments and agen-
cies to identify and prioritize United States Critical Infrastructure and Key Resources 
(CIKR) and to protect them from terrorist attacks.” 

 In a 2009 article in the  Wall Street Journal  it was reported that “Cyberspies have 
penetrated the U.S. electrical grid and left behind software programs that could be 
used to disrupt the system, according to current and former national-security offi -
cials. The spies came from China, Russia and other countries, these offi cials said, 
and were believed to be on a mission to navigate the U.S. electrical system and its 
controls. The intruders haven't sought to damage the power grid or other key infra-
structure, but offi cials warned they could try during a crisis or war” (Gorman  2009 ). 
Essentially such  attacks   could bring a country to its knees even before a single shot 
was fi red. For example, recently a cold war has existed between Iran and the U.S. 
where a manifestation of hostilities has come in the form of the Stuxnet virus, a 
sophisticated computer virus deployed during the waning days of the Bush admin-
istration in an effort to thwart uranium enrichment in the Iranian government’s 
nuclear program. As Sanger ( 2012 ) notes, “It appears to be the fi rst time the United 
States has repeatedly used cyberweapons to cripple another country’s infrastructure, 
achieving, with computer code, what until then could be accomplished only by 
bombing a country or sending in agents to plant explosives.” Sanger also points out 
that: “President Obama has repeatedly told his aides that there are risks to using – 
and particularly to overusing – the weapon. In fact, no country’s infrastructure is 
more dependent on computer systems, and thus more vulnerable to attack, than that 
of the United States. It is only a matter of time, most experts believe, before it 
becomes the target of the same kind of weapon that the Americans have used, 
secretly, against Iran.” 

 The vulnerability of key systems and controls that are in widespread use in the 
developing smart grid is already apparent. As a recent news article noted: “A 
widely used system for controlling electricity, heating and other systems inside 
buildings remains vulnerable to attacks over the Internet, despite warnings from 
U.S. offi cials.... Poor security in industrial control systems, including those that 
run manufacturing facilities and power plants, has become an intense focus for 
security researchers and hackers alike since 2010 when the Stuxnet virus sur-
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faced.” (Menn  2013 ). The worrisome issue here is that we have identifi ed wide-
spread vulnerabilities in smart grid technologies at the same time as governments 
and hacker groups have developed internet viruses specifi cally designed to exploit 
those vulnerabilities. 

 Since the smart grid is predominately an intricate web of ICT networks a fully 
developed smart grid could in fact be the possible entry point of a devastating cyber- 
attack. This kind of futuristic war could wreak havoc upon every aspect of a society 
since literally any and all electrical devices plugged into the smart grid could be 
comprised and corrupted. 

 If the security vulnerabilities discussed above can be identifi ed and managed 
effectively, the smart grid promises to provide signifi cant economic and social ben-
efi ts. Indeed, balancing the potential economic benefi ts with privacy and security 
concerns will be a key challenge in the development of the smart grid. As NARAC 
( 2011 ) notes in its “Resolution on Smart Grid Principles:”

  As a condition of approving smart grid investments, State commissions should hold utilities 
responsible for ensuring that smart grid technologies are deployed in a manner consistent 
with reasonable and effective cyber and physical security best practices. Smart grid systems 
should be designed to mitigate risks and enhance the resiliency of the power grid and pre-
serve the accuracy, integrity, and privacy of data. State commissions should…recognize 
that cyber security requires coordination, adaptability and resiliency that goes beyond stan-
dards compliance…. Further, State commissions may want to assure that utilities have 
recovery plans in the event of a successful cyber or physical threat. 

   Engineering educators have begun to include security-related topics in smart grid 
courses and curricula (e.g., Schulz  2011 ; Shireen et al.  2013 ), though most treat-
ments are limited to “security” as a technical concept; its social and ethical implica-
tions are far less recognized. Approaches advocated by Meldal et al. ( 2008 ) 
(discussed above) which locate topics such as security, privacy and trust in a broader 
socio-technical context are critically needed in  engineering education  .  

    Pricing and Equity 

 Though not as obvious as privacy and security issues, the smart grid also poses 
potential problems for equitable  pricing of electric power service  . The nature of 
these impacts will depend on whether consumer energy usage is left under utility 
control or consumers are allowed to make their own usage decisions under variable 
pricing schemes. The former case would limit consumer autonomy. Some utilities, 
for example, have expressed an interest in controlling customers’ thermostats and 
other appliances (Levinson  2010 ). Variable pricing, on the other hand, would place 
an energy management burden on all residential consumers. Those with lower edu-
cational levels, limited Internet access or computer skills, medical or cognitive 
impairments, or those who simply lack time, resources, or motivation to manage 
their usage patterns could be at a disadvantage. Both cases will require innovative 
ratemaking and oversight by public utility commissions and greater coordination 
and standardization within and among retail service areas. 
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 Though  smart meter   experiments are just in the beginning stages, there have 
already been regulatory and legal controversies over such issues as required prepaid 
service plans for low-income consumers (Ailworth  2009 ) and alleged price gouging 
under mandatory switches to smart meters. As noted earlier, a highly publicized 
controversy over higher bills occurred in Bakersfi eld, California (Chediak  2009 ), 
but protests and law suits have occurred elsewhere including Texas. In both the 
California and Texas cases, independent studies confi rmed the accuracy of the smart 
meters, but utilities have been cautioned to approach the installation of smart meters 
with a greater concern for consumer needs and attitudes (Zeller  2010 ). The UK, for 
example, has developed a draft consumer engagement strategy (Global Smart Grid 
Federation  2012 ). 

 Issues regarding pricing and  equity   are far from black and white concerns over 
the cost of energy. The ability of a smart grid to closely monitor and manage the 
fl ow of electrical energy has a dramatic impact on almost every other socio- techni-
cal system which together have much infl uence over everyday lives. In a recent 
whitepaper, a trusted advisor to the Indian government describe the interrelation-
ship of the Smart Grid to other technological systems:

  A smart grid could also interface with other utilities (gas, water, etc.). New services such as 
home monitoring, healthcare monitoring, etc. could be unleashed, which could provide new 
revenue streams to utilities as well as enhance consumer convenience. A power utility with 
its own network could become an Internet Service Provider, either directly or through a 
partnership or subsidiary. However, such changes are not only resisted (because of the cre-
ation of winners and losers) but also because there is vast uncertainty in how these will 
evolve. (Tongia  2009 , p. 7) 

   Most of the discussion of equity and the smart grid has focused on the issue of 
 dynamic pricing  , i.e., variable electric rates that track the actual costs of providing 
services (in time-of use blocks or as frequently as “real-time’), with many econo-
mists and engineers favoring dynamic pricing on the grounds of economic effi -
ciency. As noted by Faraqui ( 2010 ), “The pragmatic school of thought argues that 
rates should refl ect time-variation in costs if the societal benefi ts from so doing 
exceed the societal costs. Typically, the societal benefi ts are associated with avoided 
capacity and energy costs and the societal costs are associated with implementing 
[ smart meter  ing].” According to the IEA (Heffner  2011 ), the arguments in favor of 
 dynamic pricing   include:

•     Traditional fl at rates are not economically effi cient and hide cross-subsidies   
•    Contrary to conventional wisdom, low-income customers can and will respond 

to dynamic price signals    

Faraqui ( 2010 ) is particularly adamant on the inadequacy of fl at rates: “The oppo-
nents of dynamic pricing use the unfairness argument to present their case. But the 
presumption of unfairness in dynamic pricing rests on an assumption of fairness in 
today’s tariffs. A fl at rate that charges the same price around the clock essentially 
creates a cross-subsidy between consumers that have fl atter-than-average load pro-
fi les and those that have peakier-than-average load profi les. This cross-subsidy is 
invisible to most consumers but over a period of time, it can run into the billions of 
dollars.” 
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 For their own part, the critics of dynamic pricing argue that it would not benefi t 
the majority of users (Makovich  2011 ) and indeed could disadvantage small users 
and help lead to utility control of consumer loads (Levinson  2010 ). Because of such 
concerns the movement toward dynamic pricing has slowed in many jurisdictions 
and it remains unclear as to what extent and how fast it will be implemented. 

 As Felder ( 2011 ) notes, however, there are other factors in the implementation of 
the smart grid that raise equity concerns, most notably the compulsory installation 
of  smart meter  s (and subsequent rate increase). Felder also questions the equity of 
the standard cost-benefi t technique applied by supporters of the smart grid: “It 
would be a mistake to accept implicitly the assumption that a  social cost-benefi t 
analysis   is the only equity framework and therefore to assume that if smart grid 
passes such a test, it should be adopted for both effi ciency and equity reasons. 
Proponents of smart grid may, in effect, be making such an assumption by offering 
a social cost-benefi t analysis as the only criterion for evaluation” (p. 95). Other 
equity issues highlighted by Felder include the distribution of risk and benefi ts 
between the utility and its customers (especially in light of the asymmetry of infor-
mation) and the distribution of benefi ts between low-income and higher-income 
customers. 

 Ultimately, Felder argues, laws and regulations are needed to ensure equity is 
appropriately considered in rate-making proceedings:

  Although considerations of effi ciency are important, they are not dispositive. Regulatory 
rulemaking commonly appeals to other values such as providing consumers information so 
they are better informed about decisions that affect them and they are better able to respond. 
Ratemaking policy also considers environmental issues, monetary and other support for 
low-income households, and assigning costs to those that cause them. Each of these consid-
erations suggest individually and collectively that larger customers who consume more 
electricity than smaller customers should pay more for smart grid, that additional costs 
imposed on low-income consumers should be offset, at least partially, and that the elements 
of smart grid that directly and materially improve their lives should be prioritized over those 
elements that do not. (p. 98) 

   When applied to  engineering education  , Felder’s argument is similar to recent 
calls for a focus on social justice in engineering education (Lucena  2013 ). As 
Leydens notes ( 2013 ): “A more socially just engineering profession will necessitate 
multiple changes to its pipeline –  engineering education  . If social justice education 
is to extend across and within the content of the engineering curriculum, it will need 
to inform and reform multiple educational components: foundational, design and 
engineering science – as well as humanities and social science – curricula.”  

    Conclusion 

 Achieving the smart grid potential while tending to privacy, security, and equity con-
cerns should begin with the realization that the smart grid is a complex sociotechni-
cal system that requires solutions that go beyond the engineering of the grid. Solutions 
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must include thoughtful deliberation by federal and state regulatory agencies, fl exi-
ble utility responses in addressing consumer concerns and, most importantly, an 
 engineering culture   that recognizes and addresses the societal implications of the 
smart grid upstream in the R&D process and as standards are being developed. 

 For example, while the National Institute of  Standards   (NIST) highlighted pri-
vacy concerns in a recent report (NIST  2010 ), the U.S. federal government has yet 
to enact any smart grid privacy legislation or regulations. By contrast, the  California 
Public Utilities Commission  ’s (CPUC) 2011 decision on protecting privacy and 
security of consumer data is a landmark ruling that should provide a strong template 
for other state commissions (CPUC  2011 ). 

 One solution for addressing customer concerns regarding the smart grid is to 
provide opt-out options, such as Pacifi c Gas and Electric’s proposal to permit cus-
tomers worried about the environment, health, and safety effects of  smart meter   
wireless radio signals to request that the signals be shut off (albeit with a charge for 
conventional meter reading) (Barringer  2011 ). More generally, Felder (2010) argues 
that consumer choice is “the prime benefi t that smart grid technologies can provide” 
(p. 98). 

 As in the case of the human genome project and nanotechnology, where the U.S. 
federal funding agencies earmarked a percentage of research funds to examine such 
issues (Mills and Fleddermann  2005 ), there is an urgent need to examine the soci-
etal implications of the smart grid concurrent with its development. Failure to do so 
will further threaten  civil liberties   and social justice in the information age and is 
likely to pose substantial barriers to public acceptance of the smart grid. 

 Educating engineers who are prepared to meet the challenges posed by the societal 
implications of emerging technologies such as the smart grid should be a keystone of 
efforts to reform engineering curricula for the twenty-fi rst century. Incremental 
changes such as the linkage of privacy, security and trust advocated by Meldal et al. 
(2012) are necessary but not suffi cient. Ultimately, to prepare engineers for develop-
ing a “smart and just grid” (   Welsch et al.  2013 ) will require a revolutionary change in 
 engineering education   that places social justice concerns at its core.     

  Acknowledgments   This chapter draws in part on an earlier article (Kostyk and Herkert  2012 ).  

      References 

   Ailworth, E. (2009). Plan for prepaid electricity rejected.  Boston.com . Retrieved from   http://www.
boston.com/business/ar t icles/2009/07/23/mass_rejects_uti l i tys_prepayment_
plan_for_low_income_customers/      

    Amin, M. (2004). Balancing market priorities with security issues.  IEEE Power and Energy 
Magazine, 2 (4), 30–38.  

    Amin, M., & Schewe, P. F. (2007). Preventing blackouts.  Scientifi c American Magazine, 296 (5), 
60–67.  

   Barringer, F. (2011). Pacifi c gas offers solution to turn off smart meters.  New York Times.  Retrieved 
from   http://www.nytimes.com/2011/03/25/business/energy-environment/25meter.html      

16 Societal Implications of the Smart Grid: Challenges for Engineering

http://www.boston.com/business/articles/2009/07/23/mass_rejects_utilitys_prepayment_plan_for_low_income_customers/
http://www.boston.com/business/articles/2009/07/23/mass_rejects_utilitys_prepayment_plan_for_low_income_customers/
http://www.boston.com/business/articles/2009/07/23/mass_rejects_utilitys_prepayment_plan_for_low_income_customers/
http://www.nytimes.com/2011/03/25/business/energy-environment/25meter.html


304

   Bhanoo, S. N. (2010). Google’s energy foray: What’s up?  New York Times, Green Blog . Retrieved 
from   http://green.blogs.nytimes.com/2010/05/05/googles-energy-foray-whats-up/      

   Bleicher, A. (2010). Privacy on the smart grid.  IEEE Spectrum, online . Retrieved from   http://spec-
trum.ieee.org/energy/the-smarter-grid/privacy-on-the-smart-grid      

      Cardenas, A. A., & Safavi-Naini, R. (2012). Security and privacy in the smart grid. In S. K. Das, 
K. Kant, & N. Zhang (Eds.),  Handbook on securing cyber-physical critical infrastructure  
(pp. 637–654). Elsevier/Morgan Kaufman: Burlington, Massachusetts.  

     Cavoukian, A., & Winn, C. (2012).  Applying privacy by design best practices to SDG&E’s smart 
pricing program . Information & Privacy Commission, Ontario. Retrieved from   http://www.ipc.
on.ca/images/Resources/pbd-sdge.pdf      

    CEN-CENELEC-ETSI Smart Grid Coordination Group. (2012).  CEN-CENELEC-ETSI smart 
grid coordination group smart grid reference architecture.  Retrieved from   http://ec.europa.eu/
energy/gas_electricity/smartgrids/doc/xpert_group1_reference_architecture.pdf      

    Chediak, M. (2009). PG&E faces revolt over smart grid.  BusinessWeek: Technology . Retrieved 
from   http://www.businessweek.com/technology/content/dec2009/tc20091230_147434.htm      

   Cline, J. (2009). Will the smart grid protect consumer privacy? Computerworld. Retrieved from   http://
www.computerworld.com/s/article/9141002/Will_the_smart_grid_protect_consumer_privacy_      

   CPUC. (2011). Decision adopting rules to protect the privacy and security of the electricity usage 
data of the customers of Pacifi c gas and electric company, Southern California Edison 
Company, and San Diego gas & electric. Decision 11-07-056. California Public Utilities 
Commission. Retrieved from   http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL_
DECISION/140369.PDF      

  Dempsey, J. (2011). California adopts smart grid privacy rule. Center for Democracy & Technology. 
Retrieved from   https://cdt.org/blog/california-adopts-smart-grid-privacy-rule/      

   DOE. (n.d.).  Building and testing the smart grid.  SmartGrid.Gov, U.S. Department of Energy. 
Retrieved from   http://www.smartgrid.gov/the_smart_grid#smart_grid      

   DOE. (2010).  Data access and privacy issues related to smart grid technologies.  Department of 
Energy. Retrieved from   http://energy.gov/sites/prod/fi les/gcprod/documents/Broadband_
Report_Data_Privacy_10_5.pdf      

    EPIC. (n.d.). The smart grid and privacy. EPIC – Electronic Privacy Information Center. Retrieved 
from   http://epic.org/privacy/smartgrid/smartgrid.html      

   European Commission Article 29 Data Protection Working Party. (2013).  Opinion 04/2013 of the 
data protection impact assessment template for smart grid and smart metering systems 
(‘DPIA Template’), Prepared by expert group 2 of the commission’s smart grid task force.  
Retrieved from   http://ec.europa.eu/justice/data-protection/article-29/documentation/opinion- 
recommendation  / fi les/2013/wp205_en.pdf      

    Farhangi, H. (2010). The path of the smart grid.  IEEE Power and Energy Magazine, 8 (1), 18–28.  
     Faruqui, A. (2010). The ethics of dynamic pricing.  Electricity Journal, 23 (6), 13–27.  
    Felder, F. A. (2011). The equity implications of smart grid: Questioning the size and distribution 

of smart grid costs and benefi ts. In F. P. Sioshansi (Ed.),  Smart grid: Integrating renewable, 
distributed & effi cient energy  (pp. 85–100). Waltham: Academic.  

   Heffner, G. (2011). Smart grid – smart customer policy needs. In:  Workshop report for the IEA 
energy effi ciency working party,  April, Paris.  

    Global Smart Grid Federation. (2012). Global smart grid federation report. Retrieved from    http://
www.globalsmartgridfederation.org/documents/May31GSGF_report_digital_single.pdf      

   Gorman, S. (2009). Electricity grid in US penetrated by spies.  Wall Street Journal . Retrieved from 
  http://online.wsj.com/article/SB123914805204099085.html      

   Gustavsson, R., & Ståhl, B. (2010). The empowered user – the critical interface to critical infra-
structures. In:  5th international conference on critical infrastructure (CRIS),  IEEE, 2010, 
pp. 1–3  

     IEA. (2011). Technology roadmap: Smart grids. International Energy Agency. Retrieved from 
  http://www.iea.org/publications/freepublications/publication/name,3972,en.html      

   ITIL. (n.d.). ITIL offi cial website. Retrieved from   http://www.itil-offi cialsite.com/      

J. Herkert and T. Kostyk

http://green.blogs.nytimes.com/2010/05/05/googles-energy-foray-whats-up/
http://spectrum.ieee.org/energy/the-smarter-grid/privacy-on-the-smart-grid
http://spectrum.ieee.org/energy/the-smarter-grid/privacy-on-the-smart-grid
http://www.ipc.on.ca/images/Resources/pbd-sdge.pdf
http://www.ipc.on.ca/images/Resources/pbd-sdge.pdf
http://ec.europa.eu/energy/gas_electricity/smartgrids/doc/xpert_group1_reference_architecture.pdf
http://ec.europa.eu/energy/gas_electricity/smartgrids/doc/xpert_group1_reference_architecture.pdf
http://www.businessweek.com/technology/content/dec2009/tc20091230_147434.htm
http://www.computerworld.com/s/article/9141002/Will_the_smart_grid_protect_consumer_privacy_
http://www.computerworld.com/s/article/9141002/Will_the_smart_grid_protect_consumer_privacy_
http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL_DECISION/140369.PDF
http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL_DECISION/140369.PDF
https://cdt.org/blog/california-adopts-smart-grid-privacy-rule/
http://www.smartgrid.gov/the_smart_grid#smart_grid
http://energy.gov/sites/prod/files/gcprod/documents/Broadband_Report_Data_Privacy_10_5.pdf
http://energy.gov/sites/prod/files/gcprod/documents/Broadband_Report_Data_Privacy_10_5.pdf
http://epic.org/privacy/smartgrid/smartgrid.html
http://ec.europa.eu/justice/data-protection/article-29/documentation/opinion-recommendation/files/2013/wp205_en.pdf
http://ec.europa.eu/justice/data-protection/article-29/documentation/opinion-recommendation/files/2013/wp205_en.pdf
http://www.globalsmartgridfederation.org/documents/May31GSGF_report_digital_single.pdf
http://www.globalsmartgridfederation.org/documents/May31GSGF_report_digital_single.pdf
http://online.wsj.com/article/SB123914805204099085.html
http://www.iea.org/publications/freepublications/publication/name,3972,en.html
http://www.itil-officialsite.com/


305

    Kostyk, T., & Herkert, J. (2012). Societal implications of the emerging smart grid.  Communications 
of the ACM, 55 (11), 34–36.  

    Kosut, O., Jia, L., Thomas, R. J., & Tong, L. (2011). Malicious data attacks on the smart grid.  IEEE 
Transactions on Smart Grid, 2 (4), 645–658.  

     Levinson, M. (2010). Is the smart grid really a smart idea?  Issues in Science and Technology, 27 (1), 
39.  

    Leydens, J. A. (2013). Integrating social justice into engineering education from the margins: 
Guidelines for addressing sources of faculty resistance to social justice education. In J. Lucena 
(Ed.),  Engineering education for social justice  (pp. 179–200). Netherlands: Springer.  

    Lucena, J. (Ed.). (2013).  Engineering education for social justice . Netherlands: Springer.  
    Makovich, L. J. (2011). The smart grid: Separating perception from reality.  Issues in Science and 

Technology, 27 (3), 61–70.  
   Marchant, G. E., Allenby, B. R., & Herkert, J. R. (Eds.). (2011).  The growing gap between emerg-

ing technologies and legal-ethical oversight: The pacing problem . Dordrecht, Germany: 
Springer.  

     McDaniel, P., & McLaughlin, S. (2009). Security and privacy challenges in the smart grid.  IEEE 
Security & Privacy, 7 (3), 75–77.  

     Meldal, S., Gates, K., Smith, R., Su, X. (2008). Security, safety and privacy – pervasive themes for 
engineering education. In Geza Varady (ed.)  ICEE 2008 , iNEER.  

   Menn, J. (2013). Researchers warn of cyber fl aws in Honeywell control systems. Retrieved from 
  http://www.reuters.com/article/2013/02/05/cybersecurity-controls-idUSL1N0B5LG320130205      

    Metke, A. R., & Ekl, R. L. (2010). Security technology for smart grid networks.  IEEE Transactions 
on Smart Grid, 1 (1), 99–107.  

    Mills, K., & Fleddermann, C. (2005). Getting the best from nanotechnology: Approaching social 
and ethical implications openly and proactively.  IEEE Technology and Society Magazine, 
24 (4), 18–26.  

   Mufson, S. (2011). Growing fi eld of “Smart Grid” technology faces opposition over pricing, 
Privacy.  Washington Post . Retrieved from   http://articles.washingtonpost.com/2011-11-11/
business/35282623_1_smart-grid-smart-meters-renewable-energy-sources      

     Munkittrick, D. (2012). Smart grid technology implicates new privacy concerns. Privacy Law 
Blog. Retrieved from   http://privacylaw.proskauer.com/2012/03/articles/data-privacy-laws/
smart-grid-technology-implicates-new-privacy-concerns/      

    Murrill, B. J., Liu, E. C., & Thompson, R. M., II. (2012). Smart meter data: Privacy and cyberse-
curity. Washington, DC: Congressional Research Service.  

   Nampuraja, E. (2011). A unifi ed management system for smart grid. In  Proceedings of the IEEE 
ISGT 2011 India,  pp. 328–333.  

   NARUC. (2000).  Resolution urging the adoption of general privacy principles for state commis-
sion use in considering the privacy implications of the use of utility customer information.  
Retrieved from   http://www.naruc.org/Resolutions/privacy_principles.pdf      

     NARUC. (2011). Resolution on smart grid principles. Retrieved from   http://www.naruc.org/
Resolutions/Resolution on Smart Grid Principles.pdf      

    NIST. (2010).  Guidelines for smart grid cyber security: Vol. 2, privacy and the smart grid.  
U.S. Department of Commerce, Technology Administration, National Institute of Standards 
and Technology. NISTIR 7628.  

    NIST. (2012).  NIST framework and roadmap for smart grid interoperability standards, release 2.0 . 
U.S. Department of Commerce, National Institute of Standards and Technology. NIST Special 
Publication 1108R2.  

   Reed, G. F., & Stanchina, W. E. (2010). Smart grid education models for modern electric power 
system engineering curriculum.  IEEE power and energy society general meeting, IEEE  
(pp. 1–5). IEEE: Piscataway, New Jersey.  

   Rogers, R. (2013).  Smart grid and energy storage installations rising . Vital signs, Worldwatch 
Institute. Retrieved from   http://vitalsigns.worldwatch.org/vs-trend/smart-grid-and-energy-
storage-installations-rising      

16 Societal Implications of the Smart Grid: Challenges for Engineering

http://www.reuters.com/article/2013/02/05/cybersecurity-controls-idUSL1N0B5LG320130205
http://articles.washingtonpost.com/2011-11-11/business/35282623_1_smart-grid-smart-meters-renewable-energy-sources
http://articles.washingtonpost.com/2011-11-11/business/35282623_1_smart-grid-smart-meters-renewable-energy-sources
http://privacylaw.proskauer.com/2012/03/articles/data-privacy-laws/smart-grid-technology-implicates-new-privacy-concerns/
http://privacylaw.proskauer.com/2012/03/articles/data-privacy-laws/smart-grid-technology-implicates-new-privacy-concerns/
http://www.naruc.org/Resolutions/privacy_principles.pdf
http://www.naruc.org/Resolutions/Resolution on Smart Grid Principles.pdf
http://www.naruc.org/Resolutions/Resolution on Smart Grid Principles.pdf
http://vitalsigns.worldwatch.org/vs-trend/smart-grid-and-energy-storage-installations-rising
http://vitalsigns.worldwatch.org/vs-trend/smart-grid-and-energy-storage-installations-rising


306

   Romero, J. J. (2012). Blackouts illuminate India’s power problems.  IEEE Spectrum, online . 
Retrieved from   http://spectrum.ieee.org/energy/the-smarter-grid/blackouts-illuminate-indias-
power-problems      

   Sanger, D. E. (2012). Obama order sped up wave of cyberattacks against Iran.  New York Times . 
Retrieved from   http://www.nytimes.com/2012/06/01/world/middleeast/obama-ordered-wave- 
of-cyberattacks-against-iran.html      

      Schulz, N. N. (2011). Integrating smart grid technologies into an electrical and computer engineer-
ing curriculum. In : Innovative smart grid technologies Asia (ISGT), 2011 IEEE PES  (pp. 1–4). 
IEEE: Piscataway, New Jersey.  

   Shireen, W., Kotti, R., & Villanueva, J. A. (2013).  ASEE 2013 Annual Conference . Retrieved from 
  http://www.asee.org/public/conferences/20/papers/7132/view      

    Sluss, J. J. (2011). Engineering education activities in electric energy systems.  Computer, 44 (4), 
97–98.  

   Tongia, R. (2009). Smart grids white paper. Center for Study of Science, Technology and Policy. 
Bangalore. Retrieved from   http://www.cstep.in/docs/Smart_Grid_Whitepaper_CSTEP.pdf      

    Welsch, M., Bazilian, M., Howells, M., Divan, D., Elzinga, D., Strbac, G., Fones, L., Keane, A., 
Gielen, D., Balijepalli, M., Brew-Hammond, A., & Yumkella, K. (2013). Smart and just grids 
for sub-Saharan Africa: Exploring options.  Renewable and Sustainable Energy Reviews, 20 , 
336–352.  

     Zeller, Jr., T. (2010). “Smart” electric meters draw complaints of inaccuracy.  New York Times . 
Retrieved from   http://www.nytimes.com/2010/11/13/business/13meter.html        

  Joseph     Herkert     B.S. in Electrical Engineering from Southern Methodist University. D.Sc. in 
Engineering & Policy from Washington University in St. Louis. Lincoln Associate Professor of 
Ethics and Technology, College of Letters & Sciences and the Consortium for Science, Policy & 
Outcomes, Arizona State University, USA. He is Co-Editor of  The Growing Gap Between 
Emerging Technologies and Legal-Ethical Oversight: the Pacing Problem  (Springer, 2011), Editor 
of  Social, Ethical and Policy Implications of Engineering: Selected Readings  (Wiley/IEEE Press, 
2000) and has published numerous articles on engineering ethics and societal implications of tech-
nology in engineering, law, social science, and applied ethics journals. He previously served as 
Editor of IEEE  Technology & Society  and an Associate Editor of  Engineering Studies . He is a 
Distinguished Life Member of the Executive Board of the National Institute for Engineering 
Ethics, a former Chair of the Liberal Education/Engineering and Society Division of the American 
Society for Engineering Education, and a former President of the IEEE Society on Social 
Implications of Technology.  

  Timothy     Kostyk     B.S. in Engineering, University of Louisville, MBA, Bellarmine University. 
Doctoral student in Arizona State University’s Human and Social Dimensions of Science and 
Technology Program, a researcher and teacher at Arizona State University, where he: teaches 
classes on the emerging Smart Grid, is a contributor to the Energy Ethics and Policy ongoing semi-
nar, and a member of the Consortium for Science, Policy, and Outcomes. For the past 3 years this 
fi eld of study has concentrated on the examination of the world wide effort to redesign, rebuild and 
remodel the existing electrical grid into what is known as the Smart Grid. The dimension of this 
study incorporates the human, social, and technological aspects of design, particularly the ethical 
impact of engineered designs including those related to issues concerning privacy, equity and 
security. For the past 3 years Tim has extensively studied the ongoing efforts of multiple interna-
tional and national governmental and professional engineering organizations as they together for-
mulate the vision and develop the plans and standards for the development of the Smart Grid.  

J. Herkert and T. Kostyk

http://spectrum.ieee.org/energy/the-smarter-grid/blackouts-illuminate-indias-power-problems
http://spectrum.ieee.org/energy/the-smarter-grid/blackouts-illuminate-indias-power-problems
http://www.nytimes.com/2012/06/01/world/middleeast/obama-ordered-wave-of-cyberattacks-against-iran.html
http://www.nytimes.com/2012/06/01/world/middleeast/obama-ordered-wave-of-cyberattacks-against-iran.html
http://www.asee.org/public/conferences/20/papers/7132/view
http://www.cstep.in/docs/Smart_Grid_Whitepaper_CSTEP.pdf
http://www.nytimes.com/2010/11/13/business/13meter.html


307© Springer International Publishing Switzerland 2015 
S.H. Christensen et al. (eds.), Engineering Identities, Epistemologies 
and Values, Philosophy of Engineering and Technology 21, 
DOI 10.1007/978-3-319-16172-3_17

    Chapter 17   
 From Engineering Ethics to Engineering 
Politics 

             Carl     Mitcham        and     Wang     Nan      

    Abstract     Prior to the 1950s, engineering ethics emerged solely within the engi-
neering profession itself. However, after World War II, the fi rst efforts of general 
philosophical refl ection on technology among engineers in Germany gave rise to 
early engagements between engineers and philosophers on this theme. Then in the 
1970s in the United States a second engagement took place between engineers and 
philosophers, this time stimulated more by philosophers than by engineers. With the 
separate contributions in the two countries, engineering ethics began to become an 
interest in many other countries, especially infl uenced by the American approach, 
which is much less deeply philosophical than that which emerged in Germany. 
Outside Germany and the United States, the three places where discussions of engi-
neering ethics most involve philosophers are Denmark, the Netherlands, and China. 
Finally, as far as the future of this topic is concerned, engineering ethics would 
benefi t from expanding appreciation of the political aspects of engineering, echoing 
philosophical connections between ethics and political philosophy found in Aristotle.  

  Keywords     Engineering ethics   •   Engineers   •   Philosophers   •   Engineering politics  

        Introduction 

 Is engineering ethics part of engineering or part of ethics and therefore of philoso-
phy? Ideally it might be both. Yet prior to the 1950s it would have been diffi cult to 
fi nd any discussion of engineering ethics that had much philosophical depth. It was 
just engineers trying to develop moral guidelines for the profession rather than 
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independent analysis and criticism of moral assumptions common in the profession. 
During the fi rst half of the twentieth century engineering ethics had about as much 
to do with philosophy as the work of a shade-tree mechanic has to do with automo-
tive engineering. Then beginning in the 1950s and again in the 1970s, as a result of 
discussions that took place initially in Germany and independently in the United 
States, respectively, engineering ethics began to acquire new seriousness in engi-
neering and became a presence in the fi eld of applied ethics. 

 During the second half of the twentieth century, engineering ethics became 
increasingly engaged with professionalized philosophy and expanded in a trajectory 
that moves from discussions based initially in two particular countries through dis-
cussions in many countries. The expansion has raised questions related to globaliza-
tion and suggests the need for a movement from ethics to politics. The present 
chapter offers a summary sketch of these developments, with some reference to the 
contexts in which they have taken place. We make a point not just of describing dif-
ferent developments in engineering ethics but of trying also to identify the problems 
that gave rise to distinct engineering ethics discussions. In conclusion we suggest 
the emergence of new problems and try to point toward future developments.  

    Pre-philosophical Origins 

 In English the terms “engineering ethics” and “ethics in engineering” tend to be 
interchangeable. The later nevertheless more clearly declares that the subject matter 
concerns ethical questions in engineering. This means that different conceptions of 
what engineering is will have implications for engineering ethics. 

 For purposes of the present discussion, we provisionally adopt Michael Davis’s 
defi nition of engineering in social and historical terms (Chap.   4    ). For Davis, like all 
professions,

  engineering is self-defi ning (in something other than the classical sense of defi nition). 
There is a core, more or less fi xed by history at any given time, which decides what is engi-
neering and what is not. This historical core is not a concept but an organization of living 
practitioners who – by discipline, occupation, and profession – are undoubtedly engineers. 

 As constituted by discipline, by occupation, and by profession, engineering has 
undergone continuous emergence from the late 1600s to the present. 

 One aspect of this emergence of the engineering profession has been the devel-
opment of engineering ethics. Initially ethics was submerged in occupation. As 
Davis notes, engineers were fi rst denominated as such in France in 1676 with cre-
ation of the military  corps du génie  (engineering corps). The late 1700s and early 
1800s witnessed formation in England of the original professional engineering soci-
eties as non-military organizations. The Institution of Civil Engineers (ICE, offi -
cially founded in 1818 in London, but with roots that go back to the informal Society 
of Civil Engineers founded by John Smeaton in 1771) had no explicit code of ethics. 
At the same time, Thomas Tredgold’s defi nition of engineering (formulated for the 
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ICE in 1828) as “the art of directing the great sources of power in Nature for the use 
and convenience of man” implicitly associates engineering with the moral theory of 
David Hume, for whom use and convenience are basic moral categories of human 
benefi t (Mitcham and Muñoz  2010 ). 

 Yet it was not until the late 1800s and early 1900s in the United States that engi-
neers began to discuss engineering ethics as such. The fi rst appearance of the term 
“engineering ethics” in the title of an independent publication comes from a 
Carnegie Library of Pittsburgh  Monthly Bulletin  ( 1917 ) bibliography on the subject. 
In his preface to the 17-page collection of modestly annotated references, the author 
notes how it was prepared in response to “numerous requests [which had] come to 
the Technology Department for material on Engineering Ethics” and explicitly 
identifi es engineering ethics with “ethics for engineers.” Ethics for engineers, how-
ever, is not the same as ethics in engineering; it subordinates ethics to what engi-
neers do and aims to help them function more effectively as engineers. Ethics in 
engineering, by contrast, can sometimes make engineering more diffi cult. 

 In the references themselves, the fi rst use of “engineering ethics” in a title occurs 
in an 1893 news story about a discussion in the American Society of Civil Engineers 
(ASCE, founded in 1852 and the oldest professional engineering society in the 
United States) concerning the desirability of appointing a committee to explore 
drafting an ethics code. The resulting discussion in the later 1890s and fi rst decade 
of the 1900s, together with related discussions in other engineering societies, led 
eventually to imitation of the professional associations of lawyers (American Bar 
Association) and of physicians (American Medical Association), which adopted 
codes of professional ethics in 1908 and 1912, respectively. The American Institute 
of Electrical Engineers (AIEE, later to become the Institute of Electrical and 
Electronic Engineers or IEEE, the largest engineering society in the world) adopted 
the fi rst professional ethics code in 1912; the ASCE adopted another two years later 
in 1914. In both cases, the primary duty of the engineer was described as serving as 
a “faithful agent or trustee” of some employing company – a duty that has been 
argued to refl ect the origins of engineering in the military, where obedience to 
authority is a primary obligation (see Mitcham  1992 ). 

 What was the perceived need that these codes aimed to address? According to 
Edwin Layton’s historical narrative on the sociological development of the American 
engineering profession, the key element was what he termed  The Revolt of the 
Engineers  (1971) against subservience to corporate interests. The codes aimed to 
help engineers resist persistence efforts, both economic and political, to deprive 
them of their rightful authority over the design and construction of large-scale proj-
ects – deprivations that sometimes resulted in dam collapses and bridge failures – 
and undermined pursuit of the technical ideal of effi ciency. Unfortunately the 
dominance of corporate interests even within the profession forced the codes to 
stress some version of company loyalty so that the original aim was often subverted. 
In David Noble’s Marxist analysis, American engineering was actually “guided as 
much by the capitalist need to minimize both the cost and the autonomy of skilled 
labor as by the desire to harness most effi ciently the potentials of matter and energy” 
(Noble,  1977 , p. 34). 
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 What is equally as signifi cant as their functional features is that these early engi-
neering ethics codes were formulated minus any consultation with professors of 
ethics or philosophy. Instead, despite the presence in American public life of William 
James, John Dewey, and others, engineering ethics was the product of what might 
be called folk philosophy.  

    Initial Engineering-Philosophical Discussions: Germany 

 The fi rst clear engagements between engineers and philosophers as separate profes-
sional traditions took place in Germany. The background for this engagement was 
emergence in the late 1800s of the fi rst efforts of general philosophical refl ection on 
technology (in German,  Technik , which can also mean engineering). As Carl 
Mitcham ( 1994 ) has summarized this development of what he terms engineering 
philosophy of technology, ethics is subordinate to the articulation of an engineering 
world view. He quotes, for instance, one apology for this world view from the 
Russian engineer Peter K. Engelmeier, writing in German:

   Techniker  [technologists or engineers] generally believe they have fulfi lled their social tasks 
when they have delivered good, cheap products. But this is only part of their professional 
task. The well-educated engineers of today are not found only in factories. Highway and 
water transport, urban and economic management, etc. are already under the direction of 
engineers. Our professional colleagues are climbing ever higher up the social ladder; the 
engineer is even occasionally becoming a statesman…. This extension of the engineering 
profession not only seems welcome, it is the necessary consequence of the enormous eco-
nomic growth of modern society and augurs well for its future evolution. (Mitcham  1994 , 
p. 26, modifi ed) 

 Because of this societal ascent engineers, in order to achieve the social recognition 
they deserve, should work to articulate their world view as a general philosophy of 
technology. 

 According to Mitcham this was most fully realized in the German context in the 
philosophical efforts of the German inventor and engineer Friedrich Dessauer. 
Dessauer not only argued his views, like Engelmeier, with conscious reference to 
such key philosophers and G.W.F. Hegel and Immanuel Kant, but drew on and 
entered into dialogue with Plato and Aristotle from the classical period of European 
philosophy and with contemporary Marxist, existentialist, and other thinkers. The 
result is a general engineering philosophy that sees engineers, through the act of 
invention, as coming in contact with Platonic forms or closing the gap between 
Kantian phenomena and noumena. Modern engineering involves “participating in 
creation” and constitutes “ the greatest earthly experience of mortals ” (quoted from 
Mitcham,  1994 , p. 33, emphasis in the original). Dessauer’s philosophical praise of 
engineering integrated ethics into epistemology, metaphysics, and even aesthetics. 

 Such a positive philosophical interpretation of engineering was called dramati-
cally into question by World War II, which occasioned pessimism concerning highly 
developed technology and a tendency to condemn engineers as morally  irresponsible 
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contributors to destructive warfare. The actions of German engineers during the 
National Socialist regime (1933–1944) challenged engineering philosophical ideal-
ism. Because many of its members had been compromised by involvement with 
Nazism, the Verein Deutscher Ingenieure (VDI or Association of German Engineers) 
undertook to promote a new philosophical refl ection among engineers. This led to a 
more sustained dialogue between engineers and philosophers than had previously 
taken place in Germany or in any other country. 

 Prior to World War II, German engineers had attempted to construct an ethics and 
philosophy of engineering on their own. They were autodidacts who read philo-
sophical texts but did not ask philosophers themselves to think about engineering. 
After the war they undertook to ask philosophers themselves for help. 

 In the early 1950s, for instance, the VDI sponsored a series of conferences on 
“The Responsibility of Engineers,” “Humanity and Work in the Technological Era,” 
“Changes in Humanity through Technology,” and “Humanity in the Force-fi eld of 
Technology.” In all cases, professional philosophers were invited to discuss the 
issues with professional engineers. Out of the fi rst conference came “The Engineer’s 
Confession,” a Hippocratic-like oath for VDI members, and later the formation of a 
special Mensch und Technik [Humanity and technology] study group composed of 
engineers and philosophers. Broken down into working committees on such themes 
as “Pedagogy and Technology,” “Sociology and Technology,” “Religion and 
Technology,” and “Philosophy and Technology,” the study group produced by the 
mid-1970s a series of publications focusing on technology and values. 

 This work in turn led to replacement of the now dated “Engineer’s Confession” 
and to further interdisciplinary engineering-philosophy research, especially on the 
theory of technology assessment. With regard to professional ethics, one Mensch 
und Technik working committee report in 1980 proposed simply that “The aim of 
all engineers is the improvement of the possibilities of life for all humanity by the 
development and appropriate application of technical means” (VDI  1980 , p. x). 
With regard to the foundations of technology assessment, a second working com-
mittee in 1986 identifi ed eight fi elds of value (environmental quality, health, safety, 
functionality, economics, living standards, personal development, and social qual-
ity), mapped out their interrelations, and developed recommendations for their 
implementation in the design of technical products and projects. The practice of 
comprehensive, interdisciplinary technology assessment effectively became a rec-
ommended professional ethical obligation for German engineers. The best single 
introduction to engineering ethics in Germany is a volume edited by philosophers 
Hans Lenk and Günter Ropohl ( 1987 ), which includes as an appendix the “Verein 
Deutscher Ingenieure, Ausschuß ‘Grundlagen der Technikbewertung’: Vorentwurf 
für eine Richtlinie ‘Empfehlungen zur Technikbewertung”” [Association of German 
Engineers, “Foundations of Technology Assessment” Committee: Preliminary draft 
of a “Recommendations for Technology Assessment” guideline], parts 1–3 of fi ve 
parts. 

 This distinctive interaction between engineers and philosophers for the fi rst time 
created a philosophically rich engineering ethics within a professional engineering 
society. At the same time, by the early 2000s some philosophers associated with the 
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VDI began to question the adequacy of their work. Günter Ropohl ( 2002 ), for 
instance, described what he termed “the mixed prospects of engineering ethics.” 
Although a new awareness had emerged among German engineers of endogenous 
ethical responsibilities, because their work was done mostly in teams under condi-
tions highly infl uenced by economic and social pressures, they also increasingly 
acknowledged the extent to which they were subject to exogenous infl uences. 
Indeed, in a world undergoing globalization, “the world society – beyond the indi-
vidual, the corporation and the national state – is appearing as the fourth level of 
responsibility in technology” (Ropohl  2002 , p. 154). Whether and to what extent 
this is threat or opportunity and how it is to be managed became an issue of continu-
ing discussion. It also points toward the importance, beyond ethics, of politics and 
political philosophy.  

    Initial Engineering-Philosophical Discussions: United States 

 In the United States the stimulus that brought philosophers and engineers together 
came more from outside than from within the profession. In 1977 the U.S. National 
Endowment for the Humanities (NEH) created a National Project on Philosophy 
and Engineering Ethics. Announcing the project in the journal of the National 
Society of Professional Engineers, one project leader observed, “Philosophers have 
not yet entered into constructive partnerships with engineers similar to their efforts 
in the fi eld of medicine.” This was not surprising, since “engineers have generally 
not been aware of the potential contributions philosophers might make [and] phi-
losophers have on the whole failed to appreciate and understand the social and intel-
lectual signifi cance” of ethical problems in engineering. So the NEH, promoting 
what became known as the “applied turn” in American philosophy, took the initia-
tive. As the announcement went on to explain, “The National Project of Philosophy 
and Engineering Ethics has been designed to recruit 15–18 professional engineers 
from both the academic and non-academic engineering communities, who are inter-
ested in teaming up with professional philosophers to formulate, develop, and 
implement projects dealing with the ethical problems in engineering” (Flores  1977 , 
p. 28). 

 The external initiative also occurred as engineers themselves had been expanding 
their understandings of the profession. One pivotal event occurred in California in 
the 1930s when two engineers reported some illegal activities of their supervisors 
(who were subsequently tried and convicted), but the reporting engineers found 
themselves expelled from the ASCE for unethically failing to act as a “faithful agent 
or trustee” of their employer. One of the engineers continued unsuccessfully into the 
1950s to seek vindication. Discussion of this and related cases led in the mid-1970s 
to a fundamental revision of the ASCE ethics code. The fi rst principle of the new 
code was that “Engineers shall hold paramount the safety, health, and welfare of the 
public in the performance of their professional duties.” 
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 In parallel developments, leading AIEE engineers in the early 1900s had begun 
to challenge Tredgold’s classic defi nition by conceiving of engineering as focused 
not just on exploiting the forces of nature for human benefi t but of pursuing this end 
through the management of other human beings as well (see McMahon  1984 , chap. 
4). Over the course of time, however, it was increasingly recognized that the imple-
mentation of any such expanded vision, especially in conjunction with increased 
recognition of the manifold societal impacts of technology, presented distinctive 
challenges. As historian Matthew Wisnioski ( 2012 ) has richly chronicled, the late 
1960s and early 1970s witnessed a blossoming of dissent within the engineering 
community that both responded to and mirrored public concerns about nuclear 
weapons, environmental pollution, and the technological transformation of society. 
In 1974 the IEEE (created in 1963 by merger of the AIEE and the Institute of Radio 
Engineers or IRE), like the ASCE, affi rmed in a revised “Code of Ethics for 
Engineers” an obligation to “protect the safety, health and welfare of the public.” 
Initially relegated to the fourth of four articles, by 1990 “making decisions consis-
tent with the safety, health and welfare of the public” had become the fi rst of ten 
principles. Additionally, the 1970s witnessed creation in the IEEE of a new special 
section to promote refl ection on the social implications of technology, and the editor 
of the fl agship journal,  IEEE Spectrum , began to refer to a “new professionalism” to 
be “based not only on traditional high standards of technical achievement but that 
embraces concern for the impact of technological developments on society as well” 
(Christiansen  1972 , p. 17). Again, such concern seemed to invite dialogue with phi-
losophers, some of whom in the applied fi eld had also become critics of technologi-
cal transformations in society. 

 One outcome of the NEH project, in collaboration with a new Ethics and Values 
in Science and Technology (EVIST) Program at the National Science Foundation, 
was a number of publications oriented toward the teaching of engineering ethics. 
The textbook that most integrated philosophy into engineering was by the team of 
Mike Martin (philosopher) and Roland Schinzinger (engineer) titled  Ethics in 
Engineering  (fi rst edition,  1983 ). As the authors explained in their introduction, 
they took engineering ethics to be “the discipline or study of the moral issues arising 
in and surrounding engineering” and to involve “normative (evaluative) inquiries, 
conceptual (meaning) inquiries, and descriptive (factual) inquires,” with the norma-
tive inquires being central. The text itself then developed a challenging notion of 
engineering as social experimentation that required adaptation of the principles of 
free and informed consent (from biomedical ethics) and highlighted a primary pro-
fessional concern for safety. It went on to examine the ways engineering is embed-
ded in organizations and engaged with management and philosophically explicated 
both the responsibilities and rights of engineers. It concluded with philosophical 
refl ections on career choices. This was the fi rst full book in English that could accu-
rately be described as bringing philosophical ethics to bear in engineering, and 
through multiple editions (1989, 1996, and 2005) it signifi cantly infl uenced the 
fi eld. 

 Over the course of the 1980s and 1990s engineering ethics courses became 
increasing features of engineering education. Indeed, the primary philosopher- 
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engineer connection was between philosophy and engineering professors rather 
than with working engineers. In 2000 ABET (from Accreditation Board for 
Engineering and Technology), the organization that accredits U.S. engineering pro-
grams, began explicitly to list as one of 11 required educational outcomes, “an 
understanding of professional and ethical responsibility.” 

 The primary way this understanding came to be taught was not so much through 
the kind of critical philosophical refl ection promoted by Martin and Schinzinger as 
by the teaching of professional ethics codes and case studies. Indeed, professional 
and public discussion of the case of the space shuttle  Challenger  from 1986, and the 
way in which engineers had opposed the disastrous launch, helped stimulate ABET 
accreditation policy. In respect to codes and cases, a second textbook, stimulated 
this time by National Science Foundation support, became exemplary: Charles 
Harris (philosopher), Michael Pritchard (philosopher), and Michael Rabins (engi-
neer),  Engineering Ethics: Concepts and Cases  ( 1995 , with subsequent editions in 
2000, 2005, 2008, and 2013). Case studies also became important features of sub-
sequent editions of the Martin and Schinzinger text. It is worth noting that code and 
case study teaching was also typical of the few pre-1970s engineering ethics courses, 
taught mostly by senior engineering faculty seeking to share their experiences with 
a younger generation. Post-1970s the case studies just became more carefully 
developed. 

 However, in a refl ective review of the achievements of engineering ethics, Paul 
Durbin, a philosophy professor who had also been involved in developing and 
teaching engineering ethics, questioned whether the philosophy-engineering inter-
action had realized its promise. It is certainly the case that engineering ethics never 
became as prominent a discourse as bioethics. Philosopher Stephen Toulmin ( 1982 ) 
once argued that “medicine actually saved the life of ethics” insofar as it had forced 
philosophers, who had become involved almost exclusively with increasingly 
abstract questions related to such topics as the language of morals, to begin again to 
deal with substantive issues of good and bad, right and wrong, in real-life situations. 
It was unfortunate, Durbin argued, that engineering ethics had not been able to 
develop into as robust a pursuit. According to, Durbin

  the recent history of engineering ethics in the USA is not a happy one. Philosophical engi-
neering ethics is an almost complete failure, largely because the efforts of engineers and 
their professional societies are too limited in both scope and impact. With Robert Baum and 
Albert Flores – in their original hopes for the National Project of Philosophy and Engineering 
Ethics – I believe that the way to go is through collaborative efforts involving philosophers 
and engineers. But I would qualify my optimism about the approach by saying that its suc-
cess depends on signifi cant behavioral changes. The engineers and their professional societ-
ies need to broaden their focus, moving beyond a focus on individual misconduct to broader 
social responsibilities, and to welcome a broader range of people into the dialogue. 
[Additionally,] philosophers, social critics, reporters and editors, environmental activists, 
and the like need to be less confrontational and more willing to dialogue. [This would create 
a better conception] of engineering ethics than a defi nition that focuses mainly on the poten-
tial misconduct of individual engineers and technical professionals. (Durbin,  1997 , p. 82) 

 Only by going beyond a focus on individual responsibility and such issues as whis-
tle blowing, can engineering ethics make an impact on society anyway comparable 
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to the impact made by engineering and technology themselves. Again, Durbin’s 
plea can be framed as calling for a movement from ethics to politics.  

    Globalization 

 The American approach to engineering ethics is much less deeply philosophical 
than the German. But despite the fact that it arrived on the scene two decades after 
the German version, the American has arguably been the leading infl uence globally. 
Engineering ethics as it has been pursued and practiced in developed and develop-
ing countries alike has often echoed the American approach of adopting codes of 
conduct privileging the responsibility of individual engineers to protect public 
safety, health, and welfare. 

 To cite relevant examples from the developed world: The ICE in England, after 
almost 150 years without a code, in 1963 adopted a set of “Rules for Professional 
Conduct”; the 2010 version of this set of rules equates acting ethically with acting 
honorably and obligates “All members [to] discharge their professional duties with 
integrity [, competency, and with] full regard for the public interest, particularly in 
relation to matters of health and safety.” The Conseil National des Ingénieurs et des 
Scientifi ques de France (CNISF), which incorporates the Société Centrale des 
Ingénieurs Civils (founded 1848), in 2001 adopted a “Charte d’Éthique de 
l’Ingénieur” proclaiming “engineers are citizens … involved in civic actions aiming 
for the common good.” The Engineering Society of Finland (founded 1880), in 
1966 adopted a “Code of Honour” calling on members “to be of service of both 
[their] country and mankind as a whole.” The Institution of Engineers, Australia 
(founded 1919), in 1981 adopted a “Code of Ethics” which states that “The respon-
sibility of Engineers for the welfare, health and safety of the community shall at all 
times come before their responsibility to the Profession, to sectional or private inter-
ests, or to other Engineers.” The Association of Professional Engineers of Ontario, 
Canada (founded 1922), in 1984 adopted a “Code of Ethics” that states “a practitio-
ner shall regard his duty to public welfare as paramount.” 

 In modest contrast, while professional associations of engineers in developing 
countries have also created ethics codes, they have more commonly stressed obliga-
tions to enhance professional reputation. For example, the Institution of Engineers 
(India), established in 1920 (royal charter 1935), in 1944 created a code of ethics 
that stresses how the member “should scrupulously guard his professional reputa-
tion and avoid association with any enterprise of questionable character.” The 
Colegio de Ingenieros de Chile (founded 1958), in 1981 adopted a code of profes-
sional ethics that aims to promote at once the professional reputation and national 
subservience of engineering; it is, for instance, contrary to the code “to permit 
actions or omissions that favor or permit the unnecessary use of foreign engineering 
for objectives and work for which Chilean engineering is suffi cient and adequate.” 

 Finally, transnational or globalizing engineering associations have likewise been 
infl uenced by the American model. The Unión Panamericana de Asociaciones de 
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Ingenieros (UPADI or Pan American Federation of Engineering Societies, founded 
1949), in the 1980s adopted a code of professional ethics that stressed professional-
ism, but then in 2003 created a new code stressing activity that benefi ted “clients, 
society and the environment, optimizing the use of resources and with reduced gen-
eration of wastes or any types of pollution.” The European Federation of National 
Engineering Associations (FEANI, founded 1951), in 1988 adopted a Code of 
Conduct that obligates all members “to be conscious of the importance of science 
and technology for mankind and of their own social responsibilities when engaged 
in their professional activities.” The World Federation of Engineering Organizations 
(WFEO, founded 1968), in 2001 adopted a Model Code of Ethics in which 
“Professional engineers shall hold paramount the safety, health and welfare of the 
public and the protection of both the natural and the built environment in accor-
dance with the Principles of Sustainable Development.” 

 All three types of engineering ethics globalization – engineers in advanced coun-
tries other than the United States adopting ethics codes, engineers in developing 
countries formulating ethics codes, and transnational engineering associations cre-
ating ethics codes – refl ect infl uences from the United States, although not exclu-
sively. They highlight in general terms obligations to some version of the common 
good such as public safety, health, and welfare or professional loyalty to clients or 
employers. There are few if any codes on the Germany model, in which engineers 
are obligated to contribute to technology assessment; nor are there any efforts to 
ground engineering ethics in epistemological or general philosophical refl ection. 

 There are perhaps four reasons for the prominence of American over German 
infl uence. First, the fact that English has become a more global language than 
German makes American discussions more readily communicated. Second, the 
stigma of German engineering involvement with World War II may continue to 
exercise some negative infl uence. Third, ABET is in the process of becoming a de 
facto global accreditation agency; a number of engineering programs in other coun-
tries are now seeking ABET accreditation and thus having to address the ABET 
criterion for engineering ethics learning. Finally, the fact that the German approach 
requires engagement with a philosophical tradition of depth and complexity that 
runs from Gottfried Leibniz through Kant and Hegel to Karl Marx, Friedrich 
Nietzsche, Martin Heidegger, and Jürgen Habermas makes it inherently more diffi -
cult to imitate. Although engineering ethics in the United States has involved phi-
losophers, the kind of philosophy applied (as, e.g., pragmatism) exhibits less 
historical depth and is simply less demanding than that present in the German tradi-
tion. Indeed, in most other countries the engagement of engineers with philosophes 
has also been minimal. 

 There are, however, three important exceptions to this generalization; three 
examples worth noting are Denmark, the Netherlands, and China. In Denmark, ini-
tiatives to reform engineering education in the late 1990s led to the introduction of 
a requirement in 2000 that all technical and engineering curricula at the bachelor 
level include a course in the philosophy of science for engineers to be implemented 
no later than 2004. In response, a number of philosophers of technology from the 
United States were invited for consultations and Danish philosophers themselves 

C. Mitcham and Wang Nan



317

undertook to work with engineering educators to develop appropriate courses. One 
especially remarkable effort in this general area was spearheaded by Steen Hyldgaard 
Christensen and led to publication of a textbook on  Philosophy in Engineering  
( 2007 ). Another created the  Companion to the Philosophy of Technology  edited by 
Jan Kyrre Berg Olsen, Stig Andur Pedersen, and Vincent F. Hendricks ( 2009 ). 

 The Netherlands is home to what is arguably the most intensive pursuit of the 
philosophy of technology and engineering in any country. In a nation that is literally 
an artifact designed and maintained by hydrological engineers, and which appropri-
ately enough has one of the most well developed communities of science, technol-
ogy, and society (STS) scholars, it was natural that philosophers at technological 
institutions of higher education would engage with engineers. In 2006 they estab-
lished the inter-institutional 3TU Centre for Ethics and Technology to bring together 
the expertise of the philosophy departments from three universities –TU Delft, TU 
Eindhoven, and Twente University – to pursue the ethics of science, technology, and 
engineering through interdisciplinary applied research, fundamental research, 
teaching, and public outreach. The 3TU Centre quickly became the most integrated, 
interdisciplinary engagement of philosophers and engineers in the world. Among its 
many publications are Ibo van de Poel and Lambèr Royakkers,  Ethics, Technology, 
and Engineering: An Introduction  ( 2011 ). 

 In China, as in the Netherlands, initiatives to link engineering and philosophy 
emerged at universities dedicated to engineering and often in conjunction with STS 
programs. From the late Qing Dynasty (1644–1911) the modern engineering pro-
fessional emerged in China as part of an effort to defend against Western colonial-
ism. The fi rst technical school was the Fujian Shipping School, founded in 1866 in 
response to Chinese defeats in the two Opium Wars (1839–1842 and 1856–1860) in 
order “to learn the skills of the barbarians in order to fi ght the barbarians.” Because 
the explicit goal of early Chinese engineering development was to acquire Western 
science and technology while retaining Chinese culture, technical education neces-
sarily included what might be called a philosophical element. From the founding of 
the People’s Republic of China in 1949 this took the form of technical education 
that included a signifi cant component of Marxist ideology in order to create “Red 
engineers.” In a study of the premier technological university of China, one scholar 
describes Tsinghua as

  China’s consummate trainer of Red engineers…. [T]he university’s party organization is 
renowned for grooming political cadres [so that] Tsinghua graduates occupy key positions 
in the upper echelons of the party and state bureaucracies, and one-third of the members of 
the Political Bureau’s Standing Committee … are alumni. (Andreas  2009 , p. 6) 

   But independent of this ideological version of engineering ethics that promotes 
engineering loyalty to the Communist Party, a number of technological universities, 
including Tsinghua, have also created STS and engineering studies programs that 
promote less ideological engagements between philosophers and engineers. Such 
engagements are further encouraged by increasing recognition of the historically 
unprecedented character of technological transformation and the need for general 
refl ection on the contributions engineers are making to the re-making of China.  
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    From Ethics to Politics 

 Once ethical refl ection ceases to focus primarily on guidelines for the behavior of 
individual engineers or what is best for the engineering profession refl ection readily 
follows the path mapped classically by Aristotle and Confucius, whose discussions 
of ethics lead into discussions of politics. Such a movement is manifest in multiple 
ways in North America, in Europe, and in Asia – with the political being given dif-
ferent conceptualizations and expressions in different contexts and traditions. 

 One general conceptualization might actually be to confi gure the movement 
from ethics to politics as another instance of globalization, in a secondary meaning 
of the term. Most commonly, globalization refers to external processes that lead to 
ever greater economic, political, and cultural interactions across national borders – 
something clearly represented by the emergence of transnational engineering ethics 
codes. However, globalization can also involve expanding some previously narrow 
perspective into a more holistic one. Taking a global perspective on investing in a 
new technological innovation, for instance, would involve going beyond the eco-
nomic interests of shareholders to include multiple benefi ts and risks related to all 
shareholders and as well as environmental concerns. There is thus a sense in which 
engineering ethics can be internally globalized by moving from a narrow focus on 
what has been called micro ethical issues related to individuals to a broader, more 
global or holistic focus on macro ethical issues involving engineering organizations 
or even projects. Globalization in this sense also suggests a need to re-conceive 
engineering in terms larger than the technical professional occupation. 

 In North America, for instance, engineering has been mostly understood in the 
narrow sense as a historically self-defi ning group constituted by occupation, disci-
pline, and profession. From such a perspective, engineering ethics is equivalent to 
the professional ethics of engineers. This is the view that has dominated engineering 
ethics not only in the United States but in other North American countries as well. 
One problem with this view is that it places a heavy burden of responsibility on 
individual engineers, often calling on them to exercise moral heroism as whistle- 
blowers in the face of economic, managerial, or political pressures to compromise 
technical standards in ways that can undermine functionality or safety. In response, 
a number of scholars have sought to consider some aspect of the broader political 
context in which individual engineers work. 

 Engineer-philosopher Joseph Herkert ( 2001 ) summarized such efforts using the 
distinction, original proposed by John Ladd ( 1980 ) between micro-ethics (dealing 
with relationships individual engineers have with each other, their employers, and 
clients) and macro-ethics (addressing issues of collective social responsibility of the 
engineering profession as a whole). Herkert compares the efforts of two philoso-
phers (Ladd and Richard De George (De George  1981 )), two engineers (G.F. McClean 
 1993  and Willem Vanderburg  1995 ), and an STS scholar (Richard Devon  1999 ) to 
conceptualize the macro- ethical context and argues that none successfully inte-
grated the micro- and macro- ethical perspectives. Herkert’s own proposal was sim-
ply for more research on the responsibilities of professional societies as a whole; 
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specifi c suggestions are the need for professional engineering societies to establish 
institutional supports for individual whistle-blowers and to develop statements on 
public policy issues such as product liability. The idea that professional societies 
should support individual whistle-blowers had actually been argued for some time 
by Stephen Unger (1982 and 1994). 

 While important, Herkert’s discussion manifests a thin view of the political. It 
makes only the most limited reference to the ways in which engineering transforms 
the political, as articulated by Langdon Winner ( 1980 ) or engages with the political 
through various forms of technocracy. Related efforts to conceptualize engineering 
in its broad social and political context can be found in work on STS and engineer-
ing ethics (Johnson and Wetmore,  2008 ), humanitarian engineering (Mitcham and 
Muñoz,  2010 ), and engineering and social justice (Lucena et al.,  2010 ; Lucena, 
 2013 ). 

 Beyond these isolated efforts, a more systematic approach to the political is 
found in Philippe Goujon and Bertrand Hériard Dubreuil,  eds., Technology and 
Ethics: A European Quest for Responsible Engineering  (2001), which expands the 
engineering ethics perspective on at least two counts: form and content. In regard to 
form, its collaborative character – with contributions from engineers, philosophers, 
sociologists, and historians from across Europe – is more extensive than anything 
previously attempted in North America. In regard to content, this was perhaps the 
fi rst engineering ethics textbook to attempt a broad contextualization of engineer-
ing. In three major parts, the book moves from considerations of (a) problems 
related to engineers in technical institutions, through (b) technical systems and tech-
nical decision making, to (c) technical development as a social issue. Moreover, the 
tripartite structure of each major section – historical and sociological description, 
case studies, and philosophical refl ection – provides a strong stimulus to think of 
engineering in more than simple professionalism. Indeed, the very title of the vol-
ume suggests a need to link engineering ethics with the ethics of technology, some-
thing that, as one summary of the North American fi eld noted, has not been tried. 

 The distinctive achievement of the European quest is unintentionally highlighted 
in the introduction to a reprint collection of 57 articles from philosophy and social 
science journals that would “provide in a single volume the most important essays 
on engineering ethics in a form that should be useful to a scholar unfamiliar with the 
fi eld” (Davis  2005 , p. xx). The editor notes the absence of an intersection between 
the philosophy and ethics of technology and engineering ethics. In his words, 
although “the two fi elds might seem to have much in common” the fact is that in 
North America “the philosophy of technology tends to focus on technology itself 
rather than on those who make it and, even when attending to those who make it, 
tends to lump engineers with other ‘knowledge workers’ in the omnibus of ‘tech-
nologists,’ ignoring the special standards of engineering as a distinct profession” 
(Davis,  2005 , p. xvi). The European textbook not only seeks explicitly to connect 
philosophy of technology and engineering ethics, but also works to bridge multiple 
disciplines and language communities while placing engineering in broad social 
and political contexts. 
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 A fi nal expansive effort to move from ethics to politics is that undertaken in 
China by Li Bocong at the Center for Engineering and Society of the University of 
the Chinese Academy of Sciences. Li Bocong argues that engineering ethics needs 
to be complemented by the sociology of engineering and that the professional engi-
neer needs to be understood as but one member of a more inclusive engineering 
community. The engineering community is, in turn, established by an engineering 
project. 

 In the two volumes on  Engineering Education and Practice in Context  to which 
this chapter contributes, the most common approaches to engineering emphasize 
engineering as a profession and/or as design. But engineering is broader than any one 
profession or occupation. This is indicated by the fact that there are “engineers” who 
are neither professionals nor designers (e.g., persons with engineering degrees who 
work as managers or investors) and that there are non-engineers who are involved in 
engineering projects (e.g., persons who have learned from apprenticeship and practice 
or have degrees in physics, chemistry, or even the social sciences). In recognition of 
these facts, Li Bocong ( 2010 ) argues for anchoring an understanding not in engineer-
ing as an isolated activity but an aspect of an engineering project. To do this, of course, 
suggests the need for some concept of a project, so that an engineering project can be 
distinguished from, say, a political, economic, or artistic project. 

 In English the word “project” as a noun commonly references a large undertaking, 
often involving signifi cant amounts of money, many personnel, and major equipment; 
it is planned out in advance. As a transitive verb, the term can mean “to propose,” “to 
throw,” “to set forth or calculate” (something in the future). As an intransitive verb, it 
can mean “to extend or protrude,” “to use one’s voice so as to be heard at a distance,” 
“to produce a clear impression of one’s thinking or personality,” and in psychology, 
“to ascribe one’s own feelings, thoughts, or attitudes to others.” 

 Simple etymology deepens the appreciation of these straightforward linguistic 
uses. Its roots are in the Middle English “project(e),” meaning “plan,” from the 
Medieval Latin  projectum ,  projectus , past participle of  proicere , to throw forward, 
extend, from  pro  (preposition, in favor of, for) +  jacere  (verb, to throw). The English 
word thus connotes a somewhat forceful imposition not just on the future but also 
into the present. 

 A political project could be exemplifi ed by the action of establishing a colony on 
newly explored land or the creation of a political party to seek control of the govern-
ment. Economic projects are associated with the founding of corporations or invest-
ments in money making activities. Artistic projects create not just a single painting 
or sculpture but a collection of paintings or/and sculptures, buildings with a certain 
fl air, museums. What is remarkable about engineering projects is the degree to 
which they partake of politics, economics, and material construction, with aesthetic 
dimensions. To re-think engineering ethics from the perspectives of these various 
engagements is an effort that is only now emerging – and will need to include 
politics.  
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    Conclusion 

 From its pre-philosophical beginnings as an aspect of the politics of the emergence 
of engineering as a profession, philosophical engineering ethics exhibits a trajectory 
that runs from discussions in two particular countries to discussions in many coun-
tries and suggestions of a need to move beyond ethics to political philosophy. The 
movement could thus be summarized as one from politics to ethics to political phi-
losophy. Our chapter overview of this trajectory has highlighted the following fi ve 
theses:

    1.    Originally engineering ethics did not involve philosophy; instead, it was pursued 
by engineers alone.   

   2.    The fi rst two collaborations between engineers and philosophers took place in 
Germany (1950s–present) and in the United States (1970s–present). In Germany 
the engagement among engineers and philosophers included more than ethics; in 
the United States engagement tended to focus more narrowly on ethics.   

   3.    The infl uence of the German approach to engineering ethics has been less infl u-
ential in other countries than the American approach to engineering ethics.   

   4.    As engineering ethics has become a point of discussion in many other countries, 
it remains the case that in most contexts engineering ethics has not been signifi -
cantly involved with philosophers. Three exceptions are Denmark, the 
Netherlands, and China.   

   5.    Finally, echoing the philosophical connection between ethics and political phi-
losophy as found in Aristotle, Confucius, and others, engineering ethics would 
benefi t from expanding appreciation of the political aspects of engineering.      

    Coda: Toward a Political Philosophy of Engineering 

 As we have presented to different audiences and colleagues our argument that the 
philosophical engagement with engineering needs to expand from ethics to politics, 
we have regularly been asked for more specifi cs about how this might work. The 
following refl ections are a provisional response. 

 Engineering ethics commonly draws on different ethical theories or traditions to 
help individuals think about non-technical problems they encounter in engineering 
practice. The result is to produce ethical analyses that involve, for example, conse-
quentialism, deontology, and virtue ethics in traditions associated with Aristotle, 
Confucius, Jeremy Bentham and John Stuart Mill, Immanuel Kant, and others. As 
many have noted, however, the results often create new problems. One concerns 
how individual engineers can live up to various ethical ideals. Another is the chal-
lenges that occasionally arise when different ethical perspectives lead in different 
directions. Such problems are of a political character, the kind often dealt with in 
political philosophy. Yet most attempts to address ethical problems that call for a 
shift from thinking about individual behaviors (the primary focus of ethics) to 
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 thinking about the behavior of groups and the structures of social institutions (which 
is the focus of political science) have not yet made much effort to draw on the politi-
cal philosophical work of the same philosophers and philosophical traditions refer-
enced in ethical analyses. 

 One example could note how Herkert argues for the importance of a macro engi-
neering ethics that would stress the responsibilities of professional societies not just 
individuals. Herkert’s argument could be advanced by political philosophical refl ec-
tion on how professional societies are themselves structured. Plato, for instance, 
argues that the social institution known as the state should be governed by philoso-
phers or those who most embody reason. Aristotle argues that the best structure for 
a state is a mixture of aristocracy and democracy. Confucius argues that the state 
should be ruled by virtuous individuals who govern through example more than 
through law. Bentham and Mill propose a representative democracy that creates 
laws on the basis of a utilitarian calculus. Might it not be useful to critically examine 
the structure of professional engineering societies from these various philosophical 
perspectives? 

 Another example might examine what Li Bocong calls the engineering 
 community – consisting of engineers but also workers, investors, and others – from 
the perspective of political philosophy. How might such a community function dif-
ferently in Plato’s Republic, Aristotle’s  polis , the Confucian state, or utilitarian 
democracy? Moreover, although the sociology of the engineering community will 
enhance our understanding of engineering and engineering projects, sociology is 
not a normative science. But the engineering community and its numerous projects 
need to be subject to normative analysis. The philosophical challenges from engi-
neering concern not only how to conduct engineering projects in the right way but 
what are the right engineering projects to undertake. The political ideal of justice 
and the political philosophical traditions of refl ection on the nature of justice have 
implications for engineering. Engineering ethics and the sociology of engineering 
must be complemented by political philosophical refl ections especially when deal-
ing with not just with the construction of dams and cities but especially with con-
fronting the problems of climate change and proposals for geoengineering of the 
planet. 

 A fi nal example could address directly the question of individual versus group or 
collective responsibility. The problem of the diffusion of responsibility in large- 
scale organizations and complex technological projects is one that repeatedly arises 
in engineering ethics. Psychologists and sociologists have noted how people are less 
likely to assume responsibility for a problem when others are present; by them-
selves individuals who see problems are more likely to take action than when they 
are members of a group confronted by the same problem. Ethical arguments for 
collective responsibility of all members of a group for the bad behavior of some of 
the members, insofar as all ignore or tolerate the bad behavior even if they do not 
actively collaborate in it, need to be complemented by political arguments for social 
structures that promote such responsibility. Theories of corporate social responsibil-
ity have struggled with how to get fi rms to do more than simply act in the narrow, 
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profi t-making interests of the fi rm and ways required by law. In all such cases it is 
reasonable to propose that critical refl ection could be advanced by drawing on 
 political philosophy. 

 What we suggest here, however, is only a beginning. Our basic thesis remains 
simply that engineering ethics could benefi t from recognizing the ways that ethics 
in philosophy is a prologue to political philosophy – and thus seeking ways that 
critical refl ection on the challenges associated with engineering ethics might be 
advanced by broadening the scope of discussion to include politics and political 
philosophy.     
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    Chapter 18   
 Guiding Gulliver: Challenges 
for Ethical Engineering 

             Wayne     Ambler      

    Abstract     One challenge for ethical engineering is persuading engineers to do the 
right thing in their day-to-day jobs. More fundamental challenges arise when we 
consider the vast power of their knowledge in the fi rst place. What ends should this 
power serve? Is it for health? National greatness? Ameliorating the lives of the 
poor? Providing entertainment? Generating jobs for the next generation? And hard 
on the heels of this massive theoretical question is the practical one: in a world ruled 
by individuals with selfi sh interests and imperfect wisdom, how can engineering be 
guided toward its best possible uses? Like Gulliver among the Lilliputians, or 
 Oppenheimer   among the Americans, scientifi c engineering is deeply impressive and 
larger than life. Nevertheless, understanding its proper goals is a philosophical 
question of the fi rst order, and guiding its ambiguous power in practice is a constant 
challenge. Alas, this paper will not solve these twin problems, but it will illuminate 
them. It will do so by assessing the regulated marketplace as one means of guiding 
the direction of future engineering innovations. Second, it will note the epistemo-
logical challenges brought to the fore especially by  David Hume   and  Max Weber  , 
both of whom stressed the diffi culty of ever knowing what  ought  to be done. We can 
learn from the power of engineering that the knowledge of ends is logically prior to 
the knowledge of means, even as we marvel at the diffi culty of acquiring this knowl-
edge and putting it to use.  
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        The Vast but Ambiguous Power of Modern Engineering 

 Like Gulliver among the Lilliputians, the power of engineering dwarfs all rivals. 1  Its 
power cannot be precisely reckoned, for it spans broad areas of human endeavor: 
power to change the courses of rivers; power to extract liquids and solids from the 
ground, refi ne them, and use them to heat and illuminate hundreds of millions of 
homes, set in motion hundreds of millions of vehicles large and small, and run fac-
tories producing goods of all descriptions; power to battle and often defeat diseases 
and the heart-wrenching consequences of accidents; power to shrink the world by 
faster communications and transportation; power to make the weapons that modern 
armies use both for defense and to menace others. One might go so far as to say that 
the vast and growing power of modern technology rules the world. Although most 
of us may not often think about it, all who use cars, phones, computers, air condi-
tioners, modern medicine or other such characteristic elements of modern life are 
deeply dependent upon the successes of modern engineering. We take this success 
for granted, and, when a little glitch or some major accident deprives us of their 
services, it seems that life itself is at risk. Indeed it would be if, for example, electric 
power to cities were lost for an extended period. 

 So crucial has the role of modern engineering and technology been in ameliorat-
ing our lives that we also look to it to solve many of our looming problems, and we 
do so as if by instinct, with little hesitation. Consider this passage from  President 
Obama  ’s Second Inaugural Address:

  We cannot cede to other nations the technology that will power new jobs and new indus-
tries. We must claim its promise. That’s how we will maintain our economic vitality and our 
national treasure, our forests and waterways, our crop lands and snow-capped peaks. That 
is how we will preserve our planet, commanded to our care by God. That’s what will lend 
meaning to the creed our fathers once declared. 

 The President is able to count on his listeners to agree without a second thought that 
technology is of central importance for “powering” new jobs and for protecting “our 
national treasure, our forests and waterways, our crop lands and snow-capped 
peaks.” It will even “preserve our planet.” In short, modern engineering has proven 
its powers, and great hopes surround it in expectation of further benefi ts. Partly 
because his reasons are widely embraced around the globe, perhaps even more 
enthusiastically in Asia than in the USA, the number of engineering students around 
the planet continues to rise. 2  

 Notwithstanding the great achievements of modern technology and our confi -
dence that more are on the way, it is no big secret that some technologies have been 
used to do harm and that others might do harm on an even grander scale in the 

1   I consider engineering and technology to go hand-in-hand. The former is the application of the 
natural sciences in such a way as to produce the latter. Without modern engineering there would be 
no modern technology, and both depend on the Scientifi c Revolution that was stimulated and 
defended by such thinkers as  Francis Bacon ,  Isaac Newton , and  Rene Descartes . 
2   http://www.nsf.gov/statistics/seind02/c2/c2s4.htm , accessed December 12, 2012. 
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future, whether by design or by accident. Perhaps dangerous weapons or man-made 
pathogens come most quickly to mind in this connection, but consider again the 
passage just quoted from President Obama’s Second Inaugural. He hopes technol-
ogy will protect our “snow-capped peaks” and preserve our planet, but are not the 
unanticipated effects of modern technology the main reason we worry about the 
preservation of our glaciers in particular and our planet in general? Modern engi-
neering brought us modern means of production, thus sparking an industrial revolu-
tion and world-wide development; along with the many and undeniable benefi ts 
from these changes came environmental degradation and, now, global warming, 
such that it is not entirely hyperbolic to fear for the long-term survival of the planet 
and “our forests and waterways, our crop lands and snow-capped peaks.” 

  The Bulletin of the Atomic Scientists  does what it can to stress that the many 
benefi ts of modern engineering have come with risks. On the cover of every issue 
since 1947 there has been a symbolic clock which seeks to gauge the risks of global 
disaster. Of the 1,440 min in a day, their clock has never shown more than 17 min 
remaining before doomsday, represented by midnight. 3  For 60 years the focus in 
setting this clock was on the risk of nuclear war; in recent years its focus has 
expanded to include the risk of climate change. In the words of the  Bulletin ,

  The dangers posed by climate change are nearly as dire as those posed by nuclear weapons. 
The effects may be less dramatic in the short term than the destruction that could be wrought 
by nuclear explosions, but over the next three to four decades climate change could cause 
irremediable harm to the habitats upon which human societies depend for survival. 4  

 I do not cite this because I claim to know that the authors are correct in making this 
particular claim, or because I know how close we really are to global catastrophe; I 
mean to stress only this more limited point, that the great blessings of modern tech-
nology have come with great risks. 

 Further evidence conducive to this line of thought includes the establishment of 
the new Centre for the Study of Existential Risk (C.S.E.R.) at the University of 
Cambridge. Its founders and board include distinguished scientists and philoso-
phers, not Luddites of any recognizable description. The fi rst sentences of its web-
site state the following: “Developments in human technology may soon pose new, 
extinction-level risks to our species as a whole. Such dangers have been suggested 
from progress in AI, from developments in biotechnology and artifi cial life, from 
nanotechnology, and from possible extreme effects of anthropogenic climate 
change.”  5  (Is it a sign of “progress” that C.S.E.R. does not even mention nuclear 
war?) In short, when we say “technology has vastly improved the way we live,” we 
need to add, “but distinguished scientists think it has also dramatically increased the 
risk of global disaster.” 

3   This moment of an unusual sense of security came when the USSR collapsed; but the clock was 
back in the single digits by the end of the 1990s, as the fear of “loose nukes” grew, India and 
Pakistan tested nuclear weapons, and the USA and Russia failed to reduce their nuclear stockpiles 
in a reassuring fashion.  http://www.thebulletin.org/content/media-center/announcements/2007/
01/17/doomsday-clock-moves-two-minutes-closer-to-midnight , accessed December 15, 2012. 
4   Ibid. 
5   http://www.cser.org/ 
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 It is in the nature of technology to come with risks, I believe. In developing new 
technologies, engineers grant us new tools; but tools can be used for many different 
ends or purposes. A hammer can drive a nail or kill a neighbor. Tools of great power, 
like those deriving from atomic fi ssion, can have vastly different applications. The 
same source of power can either illuminate or annihilate a city. And the same elec-
tric power that is used to cool homes, factories, and shopping malls is produced in 
such a way as to contribute to the warming of the planet. Engineering does much 
good, then, by empowering us to help ourselves in many ways; but we must face 
squarely its power to harm as well as help. The goodness of modern engineering 
depends upon its use; goodness is not inherent in the activity itself. (Conversely, that 
engineering might sometimes do harm does not mean that we can or should do 
without it. Beauty can also do harm, as Marc Antony learned at a great personal 
cost, but it does not follow that we should destroy it or wrap it in thick veils.) 

 As the power of modern technology increases, so too does the gap between the 
good that it promises and the harm it might do. When discussing justice with his 
friends two and a half millennia ago,  Socrates   argued that the person cleverest at 
guarding against disease would also be the cleverest at producing it (Plato,  Republic  
333e). The doctor who is good at curing malaria, for example, could also be good at 
spreading it. In general terms, the knowledge required to use a particular power in 
one way is also the knowledge needed to use it in a vastly different way. But, in 
Socrates’ example of a single doctor, neither the power to cure nor the power to 
infect compares in magnitude to the powers now generated by modern technology. 
Socrates noted the principle, which we might call the “moral neutrality” of technical 
knowledge, but he did not live with technologies whose powers to do good or harm 
border on the unthinkable. The issue here is far from new in principle, but the stakes 
are vastly higher. The misuse of a nuclear weapon is more worrisome than the mis-
use of a hammer. 

 These are ethical issues, but not in the ordinary sense of on-the-job ethics. I will 
not preach here that engineers should fulfi ll their contractual obligations or that they 
should undergo ethics training to teach them not to plagiarize. I am thinking on the 
broader scale and want to know whether and how we might become able to judge 
the benefi ts and risks of new technologies. My starting point is that everyone wants 
the products of engineering to be benefi cial but realizes that sometimes they are not. 
Thus we often regulate or even ban particular technologies. How do we do this? 
What procedural and philosophical problems have to be solved to do this well? How 
should engineers use the vast powers they call into being and command? To insist 
on product safety and honesty makes sense, but there are deeper issues.  

    The Challenge in Practice: Guiding Gulliver in the USA 

 Gulliver is so powerful we try to govern him even if we do not know how best to do 
so. Hence, all modern states have policies to regulate engineering and science. Just 
as in the land of the Lilliputians, Gulliver is both restricted and directed by others 
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“smaller” than he is. In less metaphorical terms, the power to create is not the power 
to wield: engineers and scientists do not rule the world even if the powers they have 
brought into being are essential to such rule. If we think of engineering as a power-
ful “Gulliver,” we must add that this Gulliver is not free to use his powers as he sees 
fi t. J. Robert  Oppenheimer   enjoyed several moments of special infl uence in discuss-
ing the use of and controls on the bomb he helped to build, but his story shows the 
limits, not the triumph, of the infl uence of scientists on US policy. 6  

 Here in the United States, the main elements of our effort to guide science and 
engineering are a free economy and a liberal democratic political system. The main 
case for a free economy is well known, but it is worth a brief quotation by Founding 
Father  Alexander Hamilton   to call it to mind:

  The prosperity of commerce is now perceived and acknowledged by all enlightened states-
men to be the most useful as well as the most productive source of national wealth…. By 
multiplying the means of gratifi cation, by promoting the introduction and circulation of the 
precious metals, those darling objects of human avarice and enterprise, it serves to vivify 
and invigorate the channels of industry, and to make them fl ow with greater activity and 
copiousness. The assiduous merchant, the laborious husbandman, the active mechanic, and 
the industrious manufacturer,--all orders of men, look forward with eager expectation and 
growing alacrity to this pleasing reward of their toils. 7  

 With a hint of amusement but none of apology, Hamilton indicates that in a free 
economy, avarice is politically useful: it may be a vice in moral terms, but avarice 
leads us all to look forward to the “pleasing reward of [our] toils.” What is true of 
“the assiduous merchant” is true also of the engineer. This is made almost explicit 
in the provision of Constitution that grants to Congress the authority “to promote 
the Progress of Science and useful Arts, by securing for limited Times to Authors 
and Inventors the exclusive Right to their respective Writings and Discoveries.” 8  
That is, the “exclusive right” to their inventions provides individual engineers and 
corporations the incentive that in turn leads to the “progress of science and the use-
ful arts.” Hamilton neither glorifi es this motivation nor denies that other less self- 
interested motives might be at work, but his main point is clear: in a generally free 
economy, the desire for individual gain can be used to stimulate the progress in 
inventions, which in turn is expected to be generally benefi cial for society. Hamilton 
does not quite say it, but in this case the direction of scientifi c progress will be 
guided in part by how people spend their money. Whether they are eager to buy farm 
equipment, video games, or improved medical technology, for example, engineers 
will work to provide what others seek. If they do not even know what they seek, 
entrepreneurs will fi gure it out and give directions. The fi rst or most fundamental 
practical answer regarding the guiding of Gulliver in the USA is this: the market 
will do it. 

6   Oppenheimer’s hopes for putting the bomb under the control of the United Nations were severely 
disappointed. I am puzzled by a recent suggestion by Lawrence Krauss that he successfully guided 
US atomic policy. See  http://www.nytimes.com/2013/01/16/opinion/deafness-at-doomsday.html , 
accessed January 18, 2013. 
7   Alexander Hamilton,  Federalist 12. 
8   United States Constitution, Article I, Section 8. I believe the US Constitution was the fi rst consti-
tution to call for patent laws as a way of stimulating science and inventions. 
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 But the US Constitution does not call for a completely laissez-faire economy; 
patent laws themselves require an active Congress to promote science and “vivify 
and invigorate the channels of industry,” as Hamilton put it. Nor are the expressed 
goals of the Constitution strictly laissez-faire: they are to “establish Justice, insure 
domestic Tranquility, provide for the common defense, promote the general Welfare, 
and secure the Blessings of Liberty to ourselves and our Posterity” 9 ; the document 
nowhere hints that maximizing individual economic liberty is the only or best route 
to these different and lofty goals. However one understands the original Constitution, 
the current US political system certainly does not just leave science and engineering 
alone; it stimulates them with contracts, grants, and honors. In other respects, it 
curtails them either by indifference or outright prohibitions. 

 Over the last decade the US Federal Government has spent about $60 billion per 
year to fund engineering and scientifi c research through agencies like NASA, NIH, 
DOD, NSF, and the USDA. 10  These allocations have been decided upon by the nor-
mal political process, which includes input from the Congress, the Executive 
Branch, numerous committees in both branches, and agencies outside of the govern-
ment such as the National Academy of Engineering and a broad array of non-profi t 
organizations with an interest or expertise in how these many billions of dollars are 
spent. The same is true, of course, for decisions to prohibit certain kinds of research 
or simply not to fund it. 

 Note in the fi rst place that all this federal money is not only to achieve humanitar-
ian goals. It is also to achieve national and local goals which may or may not coin-
cide perfectly with the greater good. Everyone wants a cure for cancer, for example, 
but national and corporate leaders are especially eager that this cure come from their 
company and their nation. After all, the production and application of the drugs and 
procedures that bring the cure will result in profi t and reputation, and even if anyone 
should care nothing for reputation in itself, it at least can lead to further profi t. 
Hence in the Inaugural Address quoted above, President Obama implies that tech-
nological development is an instrument of national policy: he wants it for the USA 
in particular. When he says “we cannot cede to other nations the technology that 
will power new jobs and new industries,” he even implies that new technology 
somehow belongs to the US and is ours to cede or retain. I am tempted to say it is 
like one of the national treasures to which he refers, but this is not correct: it is a 
(mere) means to jobs and the protection of our treasures. It has no value in itself, he 
implies, but only in what it can do for us. 

 Let us glance now at the main objections to the process for guiding Gulliver in 
the USA. The two main objections now heard on the public stage are that there is 
too much infl uence in the hands of powerful corporations and too little in the hands 
of scientists. The former argument maintains that huge corporations – Halliburton 
and Monsanto are two targets frequently invoked – can purchase favorable legisla-
tion and regulations by using clever lobbyists and political or personal favors done 

9   United States Constitution, Preamble. 
10   http://www.whitehouse.gov/sites/default/fi les/microsites/ostp/fy2013rd_summary.pdf , accessed 
January 2, 2013. 
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to congressmen and regulators. Thus, it is held, the interests of individuals and the 
nation as a whole are sold out to help the bottom line of big businesses and the states 
or districts which benefi t most from the jobs they provide and taxes they pay. The 
argument is of course not unique to science policy but is characteristic of the general 
critique of capitalism from the political Left. 

 An example typical of those used to support this conclusion, which I offer not to 
settle the issue but only to clarify it, is the so-called “Halliburton Loophole.” The 
Energy Policy Act of 2005 amends the Safe Drinking Water Act (42 U.S.C. 300 h(d)) 
so that it does not cover “the underground injection of fl uids or propping agents 
(other than diesel fuels) pursuant to hydraulic fracturing operations related to oil, 
gas, or geothermal production activities.” 11  Why, one may wonder, should the law 
exempt so-called “fracking fl uids” from consideration when looking at threats to 
safe drinking water? And, when looking at the Safe Drinking Water Act of 2005 
itself, one sees further evidence of care to keep hydrofracking from being held in 
violation. When it defi nes “pollutant,” the act says quite clearly – even in capital 
letters! – that “This TERM DOES NOT MEAN … water, gas, or other material 
which is injected into a well to facilitate production of oil or gas…” 12  It appears, at 
least, that the nation’s water is put at risk in favor of the interest of producing profi ts 
for the giant oil and gas industry: if fracking pollutes the water, it is not “pollution” 
as understood by the law. 13  (This appearance might be challenged or limited by the 
observation that many Americans want cheaper sources of domestic energy, so the 
big oil companies are not really acting without popular support. The counter- 
argument is that the public is distracted and not fully aware of the long-term dangers 
that lurk behind the attractive face of immediate economic growth. A further issue 
is whether the big corporations and other powerful groups share important common 
interests or whether they might help to “check and balance” one another, as Madison 
suggested they would in  Federalist 10 .) 

 Commonly criticized or sneeringly attacked for being too subject to the infl uence 
of wealthy corporations, US policy on engineering and science is faulted also for 
being too little subject to the infl uence of scientists and engineers themselves. Who, 
after all, should have more infl uence over matters of technology and science than 
scientists and engineers? So why then do we see so few engineers in Congress? This 
line of criticism is compatible in practice with the view that corporations have too 
much clout, but it is potentially more radical. The previous point defends demo-
cratic principles by sketching the case against an oligarchy of rich corporations; by 

11   http://www1.eere.energy.gov/femp/pdfs/epact_2005.pdf , accessed December 10, 2012. See page 
102, section 322. 
12   http://www.epa.gov/npdes/pubs/cwatxt.txt , accessed December 10, 2012. See SEC. 502 [33 
U.S.C. 1362] General Defi nitions (defi nition #6). 
13   An example regarding Monsanto and other seed companies concerns the surprising law which 
prohibits independent researchers from publishing their fi ndings on genetically modifi ed seed 
without the permission of the producer:  http://www.nature.com/scientifi camerican/journal/v301/
n2/full/scientifi camerican0809-28.html , accessed September 12, 2010. This gives seed companies 
the authority to censor published research. 
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stressing the greater understanding of scientists, this one takes a step away from 
strictly democratic principles toward a sort of scientifi c aristocracy or “scientocracy.” 14  

 As the fi rst sentence of a recent article by distinguished physicist Lawrence 
Krauss puts it, “To our great peril, the scientifi c community has had little success in 
recent years infl uencing policy on global security.” 15  Krauss is confi dent that scien-
tists know best at least regarding “global security.” The last sentence of his essay 
goes further, for it suggests “science and data” are essential for determining policy 
in all areas of government: “Until science and data become central to informing our 
public policies, our civilization will be hamstrung in confronting the gravest threats 
to its survival.” This is a powerful argument, of course, for who could argue against 
determining policies by “science and data”? 

 To clarify the preceding implicit critique of democracy, recall one of the most 
famous passages of Plato’s  Republic :

  Unless the philosophers rule as kings or those now called kings and chiefs genuinely and 
adequately philosophize, and unless political power and philosophy coincide in the same 
place … there is no rest from ills for those cities nor, I think, for human kind. ( Republic  
473d) 

 The hopes expressed here for the benefi ts of philosophic rule have been transferred 
in the contemporary argument to the benefi ts of rule by “science and data,” but both 
share the lament that policy is often formulated out of ignorance. 

 The fi rst critique of US science and technology policy rests upon an accusation 
of oligarchy, the second upon an accusation of ignorance. The premise of the fi rst is 
that the majority should rule (or rule more than they currently do); the premise of 
the second is that scientists should rule (or rule more than they currently do). Having 
sketched the outlines of the US constitutional system as well as two critiques of our 
current practice, let me suggest the following points.

    1.    The American political system, both with regard to science policy and in general, 
does not ensure that the best policies are pursued: no political system does or can. 
Governments are made up of human beings, and human beings do not always act 
for the sake of the common good, even in the event that they fi gure out what this 
common good happens to be. This does not mean that, for example, the institu-
tion of checks and balances may not help protect a government of human beings 
against making the most dangerous mistakes; but it does mean that there is nei-
ther a substitute for good judgment nor a political system that can guarantee it.   

   2.    An oligarchy of powerful corporations is indeed a risk in the US system and 
perhaps in some degree already a reality. But there remain powerful institutions 
through which this risk can be combatted, at least in principle. Examples include 

14   I do not claim that anyone makes this argument explicit, only that it is implicit in the call for 
paying more attention in policy making to science and scientists. As for an early and thematic rais-
ing of this issue, consider the role of “Salomon’s House” in Francis Bacon’s  New Atlantis . A more 
pessimistic view of the rule of science emerges from the pages of  Aldous Huxley ’s  Brave New 
World. 
15   http://www.nytimes.com/2013/01/16/opinion/deafness-at-doomsday.html , accessed January 18, 
2013. 
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the free press, the principle of majority vote, the independent judiciary, and the 
existence of committees and private organizations that can be insulated from the 
infl uence of corporations and vast wealth.   

   3.    It would be foolish to formulate policy without considering such scientifi c evi-
dence as bears on this policy. Since science shows that greenhouse gasses are 
causing climate change, it is foolish to pretend that this is not so. If GMO’s come 
with long-term risks of creating super-weeds, lessening biodiversity, or causing 
cancer, there is no excuse for putting them into circulation just because they 
might be good for business. But scientists are also human beings and, outside of 
their areas of expertise, they too have interests and biases. Scientists working on 
atomic power for Iran seek to understand the same physics as Oppenheimer did, 
for example, but they need not agree with him on how to use the tool that he fi rst 
built. Indeed, even in the US, not all the scientists and engineers working on the 
Manhattan Project agreed about atomic policy, and the later policy clash between 
Edward Teller and Oppenheimer helped to cost the latter his career. Science is 
one thing, science policy is another.   

   4.    Global problems need global solutions, but the separate nations of the world 
generally look fi rst to their own interests. Even if one were persuaded that the 
USA did a good job of guiding Gulliver – and I do mean to stress the words 
“even if” – we are only a part of a larger world. As repeated experience confi rms, 
the energy policies of particular countries are not set by the United Nations 
Framework Convention on Climate Change, or by any other effort to determine 
the best global policies on this issue; and neither North Korea nor the United 
States will choose their nuclear policy without considering especially what they 
think best for their own nation. Whatever degree of satisfaction one might take 
regarding the science and technology policy of a particular nation, the situation 
in the larger world is close to anarchic.     

 Beyond the challenges of trying to determine the best procedures for the formu-
lation of science policy, which entails trying to assess the due infl uence of various 
stakeholders, there lies a challenge that is harder to recognize. I call it “the philo-
sophical challenge,” and it is the subject of the next section.  

    The Philosophical Challenge 

 When thinking about the social context of engineering, we often think of such things 
as the demands, limitations, and particular traits of the society in which technolo-
gies are developed and used. To reverse one of  Karl Marx  ’s dictums, the hand mill 
is the technology suited for feudal society, the steam mill the technology suited for 
the nineteenth century. Solar power makes even more sense for a dispersed society 
where there is no electrical grid, and chemical toilets are appropriate if there is no 
plumbing infrastructure. Engineering, in short, should not look for the best techni-
cal solution in the abstract; it must choose the solution best suited for prevailing 
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social conditions. This problem is widely studied and acknowledged, even if it is far 
from being entirely solved. 

 The following pages will consider an analogous but distinct issue. Rather than 
looking primarily at the social context, we will here consider the intellectual con-
text. Just as different societies have different needs and put different pressures on 
engineering solutions, so they also have different reigning ideas or, to use a popular 
phrase, different zeitgeists; what looks reasonable according to one zeitgeist might 
be useless or frightening by the estimate of another. Nuclear power in the hands of 
a nihilist is likely to be used differently than the same power in the hands of a 
pacifi st. 

 Beyond the challenge of recognizing that different societies are infl uenced by 
different reigning ideas lies the challenge of seeking to guide Gulliver toward what 
is truly better and away from what is worse. In the end, we want technology to be 
used for good purposes, not merely for particular national or ideological purposes, 
so this imposes the not-so-minor requirement that we actually know what is good. 
This philosophical challenge, the challenge of understanding the good and bad 
goals of engineering, is easily overlooked, partly because most of us are confi dent 
that we already know what it is good most of the time, so no further thought is 
needed. Curing disease is good; promoting it is bad. Making communications faster 
and easier is good; living with the horse and buggy or dial phones is bad. Internet 
searches are fast and easy; having to go to a library and look things up in dated 
books is time consuming and unpleasant. 

 Although we often take it for granted that we know what is good, moments of 
confusion arise nonetheless. What is bad in peace might be good in war; fast com-
munications lead to frequent communications, and frequent communications may 
distract us from our driving, our friends, and issues which require patient refl ection; 
“information” may become more widespread but yet be more superfi cial, mislead-
ing, or wrong. When we think simultaneously of energy and the environment, we 
think of the harm done by coal-fi red power plants and the risks posed by hydro-
fracking and horizontal drilling; when we think of energy and the economy, we 
think of how cheap power can stimulate economic productivity. Thus cheap power 
is simultaneously good and bad (albeit in different respects). But the greatest cau-
tionary tale rests with the long human history of people who were sure they were 
doing the right thing only to conclude later that they were not. 

 The philosophic search for an objective understanding of “good” began long ago, 
perhaps most dramatically in Plato’s  Republic , where the famous allegory of the 
cave culminates in “the idea of the good” (517b–c). Aristotle continued this philo-
sophical focus on the good in his  Nicomachean Ethics , whose fi rst sentence reads, 
“Every art and every inquiry, and similarly every action as well as choice, is believed 
to aim at some good.” We may add that every application of science and the effort 
of every engineer aim at something believed to be good, but if we agree with 
Aristotle, as I do, then we need to wonder whether our beliefs about what is good 
are well-founded. Even if we possessed a complete knowledge of the future, accord-
ing to Plato, this would not enable us to judge it well: we also need the knowledge 
that distinguishes good from bad (Plato,  Charmides  173d-74d). 
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 If we skip to the modern age, which supplies the intellectual context within 
which modern engineering must operate, we fi nd that the philosophic climate has 
cooled to the possibility of knowing “the good,” so much so that we often put it in 
quotation marks to show that we doubt either that it exists or that it can be known. 
Whereas Plato and Aristotle openly pursued rival views of the human good – might 
it be pleasure? Justice? Wisdom? Personal advantage? – we moderns more com-
monly take the asking of this sort of question to be naïve, at least when we are 
speaking theoretically: why raise questions that cannot be settled in a rigorous fash-
ion? A contributing reason for putting the question aside is the oft-made distinction 
between facts and values: science and strict methodologies have enabled us to make 
undisputed progress in disputes over facts, but quarrels over values elude our grasp 
and still divide the world. As the Romans said of taste,  De gustibus non est dispu-
tandum , we often say of all values. Everyone remains fully entitled to hold their 
own values; they just need to hold them without believing them to be objectively 
true or true for others. 

 The philosopher  David Hume   is credited with originating and defending this 
distinction; now it is commonplace. 16  Science cannot successfully defend one value 
over another. Science does wonderfully well with facts, which it can test and mea-
sure in myriad ways, but it can say nothing conclusive about beauty, morality, or, 
say, the value of honor. To say the same thing in slightly different words, this view 
holds one cannot ever establish an “ought” from an “is.” Science tells us what is; no 
one really knows what ought to be. This is a consequence of the banishment of fi nal 
causes, or ultimate purpose, from modern natural science: Aristotle’s four “causes” 
or ways of explaining something have been reduced to two. The greatness of mod-
ern science lies in uncovering material and effi cient causes, not in discerning ulti-
mate purpose (fi nal causes). If one tries to derive an ought by inferring from what is 
natural to what is right – for example if one reasons that “human beings are by 
nature rational animals, so human beings ought to reason” – then one is said to be 
guilty of the “naturalistic fallacy,” the groundless assumption that what is natural is 
good. Philosophers and humanists still cling to the notion that other, non-scientifi c 
ways of knowing might settle questions of value; but science has set high standards 
for what constitutes a proof, so claims to knowledge in matters of ethics or the 
human good inevitably look embarrassingly weak by comparison. 

 If the sharp distinction between facts and values facilitates the acceptance of 
moral relativism, cultural relativism, its close cousin, makes essentially the same 
claim at the cultural level: good anthropologists can describe different cultures, but 
nothing in their scientifi c training entitles them to rank or judge them. When it 
comes to ideas of good, bad, just, unjust, noble, and base, neither natural nor social 
science can determine whether any is truer than another; facts are their domain. I do 
not wish now to test the truth of this idea, or to ask whether anyone can really live 
their lives in accord with it, so much as to show its infl uence and refl ect on its 
consequences. 

16   For a powerful statement of his view, see David Hume,  Treatise on Human Nature , Book III, Part 
I, Section I (last paragraph). 
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 One sign of the infl uence of these core ideas is that they have profoundly infl u-
enced the shape of the modern social sciences, thanks especially to the work of  Max 
Weber  . 17  Now, understandably eager to enjoy the power and prestige of the natural 
sciences, modern social sciences have sought to imitate them. One visible sign of 
this is the widespread use of modern mathematics in the study of society; the fl ip 
side of this is the effort to exclude values from the subject matter. The modern social 
sciences are to be “value free” to the extent possible and to avoid the “value laden” 
questions that would keep them from claiming to be sciences properly understood. 
But perhaps the most eye- and ear-catching thinker to stress the resistance of values 
to philosophic justifi cations was  Friedrich Nietzsche  , who went so far as to say our 
preference for truth over falsehood is itself merely a value. As he put it, “It is no 
more than a moral prejudice that truth is worth more than mere appearance; it is 
even the worst proved assumption there is in the world.” 18  

 If we turn from the seminal thinkers who fi rst advanced the powerful distinction 
between facts and values, it is easy to see evidence of its widespread acceptance 
today. Even readers of the popular media can be counted on to see values as beyond 
scrutiny. Hence, for example, when Noble Laureate Eric Cornell wrote a short piece 
in  Time Magazine  to discourage the teaching of “intelligent design” in science 
classes, he stressed that the question of ultimate purpose is simply not a scientifi c 
question. In his words, science can “teach us nothing about values, ethics, morals, 
or, for that matter, God.” Applying this principle, he concludes, “science can try to 
predict how human activity may change the climate, but science can’t tell us whether 
those changes would be good or bad.” Now the human beings who devote them-
selves to science will certainly have values, and they may believe in them very 
strongly. Cornell himself concludes, “My value judgment is that further progress in 
science will be good for humanity.” 19  But strict followers of the distinction between 
facts and values must admit that their values cannot be scientifi cally demonstrated 
to be superior to any others, so the charge made by Nietzsche returns unanswered: 
the preference for the truth – the preference for science – is no more than a moral 
prejudice, at least if our intellectual world is rigidly divided between facts, which 
can be known to be true, and values, which can only be asserted. 

 Now here, for clarity, is the point: the challenge of guiding Gulliver, which is 
diffi cult to begin with, is further complicated by our intellectual climate or philo-
sophical zeitgeist. For those who sense they do not yet know what is good, but think 
they might if they search, their searching can proceed with greater energy; but if we 
think such knowledge is simply unattainable, as the distinction between facts and 
values maintains, then on what solid basis can we give direction to the awesome 
powers our engineers are summoning into being? Relativism leaves us adrift; and, 
absent confi dence that any higher “value” really means anything, it would not be 
surprising if its adherents sometimes felt the emptiness of an existence that cannot 

17   Leo Strauss,  Natural Right and History  (Chicago: University of Chicago Press, 1965) 36–78. 
18   Friedrich Nietzsche,  Beyond Good and Evil  (New York: Vintage Books, 1966) 46 [aphorism 
#34]. 
19   All quotations here are from Eric Cornell,  Time Magazine , November 6, 2005. 
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profess any special signifi cance. To the extent that no value has a claim over any 
other, reasons for sacrifi ce and (painful) dedication grow weaker. Comfort and easy 
pleasures become their own defense. 

 I grant, of course, that what I am calling our philosophical zeitgeist is not ubiq-
uitous. I do not think that political leaders have the liberty to announce, for example, 
that the principles of their countries are, at bottom, mere values. If we glance back 
at the words of  President Obama   quoted above, we see these: “…commanded to our 
care by God. That’s what will lend meaning to the creed our fathers once declared.” 
Here, then, are two efforts to claim more solid ground, God and tradition, and surely 
many feel these to be rocks on which solid principles for action can be based. Yet 
when it comes to more philosophic discussion among intellectuals, these “rocks” 
are more commonly subject to debunking than to reaffi rmation. 

 It is also true that we human beings are highly inconsistent, so we can in practice 
say something like, “that’s just my value judgment,” even as we act as if it were a 
law of nature or personal revelation from a superior being. When Eric Cornell says, 
for example, “my value judgment is that further progress in science will be good for 
humanity,” my guess is that he believes very strongly that he is correct to claim that 
science is good, even if he labels it a mere value judgment (and hence removes it 
from the domain of the correct and incorrect). Human inconsistency allows us to 
believe in one moment what we in other moments hold to be unknowable; this 
inconsistency is a useful protection against paralysis, so it brings some benefi ts. 
(Could this be one reason Nietzsche claimed in the statement above that the truth is 
overrated, that recognizing its complexity leads to paralysis?) But it is depressingly 
desperate to place our hopes for vigorous action in the observation that we can 
sometimes get ourselves to think we really know what we are doing, when in our 
more refl ective moments we deny that this is possible.  

    Solutions? 

 I have sketched what I consider to be the problem of moral relativism because I 
think it complicates the challenge of guiding Gulliver: if we do not think it possible 
to know how or where best to direct science and technology, it is unlikely we will 
think well about this absolutely essential issue. We will be experts in increasing our 
power, children in knowing how best to use it. Let me now mention two very differ-
ent attempts to solve the problem of moral relativism before I add my own conclu-
sion. I choose these two partly because they show that, powerful though it is, moral 
relativism is contested; I choose them especially because they suggest how great a 
gulf divides those who rise to the challenge. 

 One response, which I mention also for its novelty, fi rst acknowledges the prob-
lem but then suggests that our evolved natures manage to solve it. According to Alex 
Rosenberg, Chair of the Philosophy Department at Duke University, it is true that it 
is now impossible for us to embrace the old absolutes of traditional religion and 
moral philosophy: there is no “right” or “wrong” when it comes to questions of 
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values (278). Far from underplaying the moral consequences of this intellectual 
development, Rosenberg goes even further than I did. He calls it “nihilism” rather 
than “relativism” (279, 288); for science – or “scientism,” as Rosenberg calls is – is 
not only unable to defend any one value over any other, it also declares all of them 
to be devoid of meaning and purpose. Science can still describe what is, but its 
description shows us eternal purposelessness, not a harmonious “universe” or 
ordered whole. So far, Rosenberg is the radical par excellence; and he is critical of 
Existentialists, Secular Humanists, and atheists like Richard Dawkins for not hav-
ing seen just how devoid of meaning and morality our world really is (277–82). 
Surprisingly, however, even though he sketches what appears to be a troubling pic-
ture of a nihilistic world, he also concludes that evolved creatures might still behave 
decently even in a world without meaning. Hence, in a trice, his ominous nihilism 
becomes “nice nihilism” (his term), for we are instinctively altruistic or at least 
“nice,” even if the nature of things is utterly pointless (278, 286–87). If we have 
become hard-wired to behave decently to one another, it does not matter whether 
there is anything that deserves to be called “justice” or “the good,” for it is our wir-
ing that guides our actions, not our ideas. Our evolved natures, now hard-wired into 
us, will keep us on a path that is suffi ciently straight and narrow, even if there is no 
moral reason for preferring such a path. Whereas I had worried that moral relativism 
would keep us from thinking well about how to use our vast powers, Rosenberg 
would persuade us that our powers of choice are far more limited than we realize. 
Indeed, free choice is a mere illusion, so ideas do not really matter (300). 

 If I were to pause to examine Rosenberg’s line of argument, I would wonder espe-
cially how solid the evidence is that we human beings are hard-wired to be consistently 
“nice.” I would wonder not only about our frequent wars against “the other” but also 
about what look to me like frequent lapses from niceness even in our domestic lives, 
where one might expect we would be at our nicest. I would happily grant that we have 
evolved in such a way that we have not yet gone so far as to destroy ourselves, and that 
a degree of niceness may help to explain this, but I would caution that only a fraction 
of our evolutionary history has seen us armed with nuclear weapons and other tools of 
mass destruction. Whatever one may think of the depth and reliability of human “nice-
ness,” Rosenberg is useful in dramatizing the possibility that science (or “scientism”) is 
an acid that corrodes every possible moral orientation. Whereas I think and worry that 
the philosophic or ideological context of engineering is of existential importance, 
Rosenberg the nihilist advises we respond to such angst by taking Prozac. (Really! He 
even stresses the point in his title to Chap. 12. See also 275, 281–82, 315). 

 A more serious response to the problem of relativism, I think, is that by neuro-
scientist Sam Harris, whose recent book  The Moral Landscape  insists that relativ-
ism is both dangerous and wrong: science should not relegate all questions of good 
and bad, moral and immoral, to the domain of mere non-rational opinion (2010, 
pp. 1–14). More than any widely-read author I know, Harris calls attention to our 
need for a reliable moral compass by which to guide our actions, which are fre-
quently empowered by potent technologies, and he correctly identifi es moral rela-
tivism as, in effect, a tossing of this compass overboard. This is an important 
achievement. But Harris goes further and even purports to solve the problem both 
he and I seek to identify and underscore. Far from being excluded from studying the 
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question of the good, science can identify it, according to Harris. The good is the 
“well-being” of sentient creatures, and the maturing sciences of the brain can even 
show us when and how far this well-being is being reached (Harris  2011 , p. 28). All 
actions are not equal; good actions promote well-being, and neuroscience can help 
identify them by studying the states of our brains. In short, Harris promises “a sci-
ence of morality” to replace the exemption of “values” from scientifi c scrutiny (27). 
Such a science could then be employed to guide Gulliver, pointing the giant in the 
direction increasing “well-being” and keeping him from wandering aimlessly or 
being misdirected. 

 If I were to pause to examine Harris’s line of argument, I would wonder whether 
well-being” admits of qualitative distinctions and, if so, whether neuroscience will 
be able to make them. It is easy to imagine that brain sciences will help quantify the 
pleasures and pains we and other sentient creatures feel, for example. And this may 
nudge us in the direction of better treatment of animals, as Harris clearly wishes. 
But will the measurement of brain states help us decide whether the raptures of a 
football fan on his couch are similar in value to those of, say, a Mozart at his piano? 
Can neuroscience teach us how to evaluate the actions of a gourmand in his plea-
sures in relation to the sacrifi ces of a hero or martyr? And if comforting illusions 
register more well-being than hard truths, should we prefer them? If there should 
ever be confl ict between the well-being of one person and the well-being of another, 
does neuroscience give either person a reason to yield? However one may assess the 
prospects that well-being might become the foundation of a science of morality, 
Harris has done a great service in showing clearly the dangers of moral relativism 
and how bizarre it is that we often do not recognize them.  

    Conclusion 

 Modern engineering provides us powerful tools which can do great good and great 
harm. To guide the use of these tools we need fi rst to know what is good and second 
to design political processes likely to steer us in the right directions; thus the prom-
ise of modern engineering is dependent on both our philosophical orientation and 
our political institutions. 

 On the political level, the fi rst challenge is that there is no effective world govern-
ment, so the policies guiding engineering and technology will be largely subject to 
national interests (or perceived national interests). Whether we speak of weaponry or 
air pollution, nations can be trusted to follow policies which generally put their own 
interests fi rst; and only with great caution will they renounce shorter term interests in 
favor of those which might hold in the longer term. The opinions or ideals of particu-
lar engineers, like those who campaign for open-source software, may show their 
infl uence, but it will be seen at the margins. Secondly, and although far from com-
pletely free, the market will show where the demand is greatest, and this too will 
exert great pressure on the engineering profession and the technology it produces. 

 But we do not interpret or rank our interests independently of our ideas about 
them; what people think of as their own best interest ultimately depends on such 
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very fundamental ideas as those about pleasure, honor, wealth, justice, and perhaps 
even divine salvation. Thus the direction engineering takes is dependent not only on 
the political procedures we follow to shape our science policy but also on the “phil-
osophical zeitgeist” in which these procedures operate. Behind our politics lie our 
philosophical opinions, and my main point in this regard has been to suggest that 
relativism is both powerful and disorienting. In leading us to doubt that any course 
is certifi ably better or more moral than another, it invites the sneaking suspicion that 
we are living blind, while at the same time suggesting it is impossible for us to 
recover our sight. Consideration of the vast power of engineering can help us see 
better that the knowledge of ends is logically prior to the knowledge of means, even 
as we face the diffi culties of acquiring this knowledge and putting it to use.     
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                Introduction 

    Matthew     Wisnioski       and     William     Grimson        

 How and why do engineers’ actions result in differing socio-material outcomes? 
The two volumes in this series fi nd answers to this foundational question of engi-
neering studies in the goals and practices of education, the formation of professional 
identities, the epistemological bases of design, and the norms and values of practi-
tioners. The authors in this fi nal part draw on such domain specifi c inquiries to 
address the question at a synthetic level. A mix of engineers, historians, and philoso-
phers from three continents explore the situated practices of engineering by inter-
rogating the contexts that shape engineers’ decisions as well as the very idea of 
“context” itself. 

 Context long has been deployed as an explanatory frame for the factors that 
impact (or do not impact) engineers’ decisions and products. Over the past half- 
century, tens of thousands of pages have been written in support of the belief, as one 
recent American Society for Engineering Education (ASEE) special interest group 
asserts, that knowing the “context in which engineering is practiced” should be an 
integral competency of the “global engineer” (ASEE International Engineering 
Education SIG and IFEES, 2013). Implicit in this statement, and in much of the 
scholarship and reform that precedes it, is an eagerness to identify better means for 
developing refl ective practitioners. 

 But context is a slippery concept. As a practical matter, the specifi c contexts of 
engineering are infi nite and are highly dependent on where and when one stands. 
Context is an idea that draws heavily on historical analysis, largely because it is 
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signifi cantly easier to identify causal factors after the fact. Context, however, 
whether deployed as accusation or justifi cation, often works to cloud causal rela-
tionships even as it names them. The authoritative narrator in Bruno Latour’s 
 Aramis, or Love of Technology , puts it best: “nothing happens by accident; but noth-
ing happens by context either” (1996, p. 138). 

 Where does this uncertainty over the nature of context leave engineers and intel-
lectuals, both of whom desire robust methodologies for productively accounting for 
the heterogeneity of technical labor? Authors in this part seek to tame the thicket of 
interpretations of context by highlighting their competing meanings in two broad 
ways. First, they show the interactions between contexts and scales of context that 
come to bear on a project, on what it means to be an engineer, and on where engi-
neering does and should happen. Second, they investigate and in some cases posit 
competing interpretations of what context means among scholars of engineering 
studies. Because context is essentially boundless, some important contributing fac-
tors are not covered in the chapters. Gender, for example, is not explicitly included. 
Nevertheless the approaches taken by the authors are not exclusive; gender and a 
range of additional themes could well be integrated into most of the frameworks that 
follow. 

 In Chap.   19    , Matthew Wisnioski points out that engineers “make their own con-
text.” They mediate the complexity of inputs that contribute to their experience and 
arrive at a vision of self, society, and technology in which they interpret and proceed 
with their engineering undertakings. Wisnioski argues that the core issue is not the 
knowing about context but the very process or activity involved – how engineers 
contextualize themselves. He revisits Layton’s pioneering notion of an “ideology of 
engineering,” but concludes that there is no unitary professional worldview among 
engineers. In determining what counts as relevant context, engineers arrive at a 
range of positions for the simple fact that such an exercise is predicated on a set of 
localized beliefs. Further, since any set of beliefs will have a socio-political dimension 
it follows that ideologies shift and new convictions emerge as society itself changes. 
Wisnioski outlines how differing normative visions arise by surveying a selection of 
engineers’ thoughts internationally over the past two centuries and providing an 
extended case study of American engineers amid the political and cultural move-
ments of the 1960s. The time and place in which an activity is situated, he con-
cludes, has a signifi cant bearing on what ideology is embraced; moreover, the act of 
embracing or rejecting a socio-political reality is itself an act of contextualization. 
The challenge to educators here is that of exposing young engineers to navigating 
the waters of competing ideologies. 

 Chapter   20     draws attention for two reasons. In its style, this short text appears as 
a column, commenting and meditating on observations ranging from the construc-
tion of a bridge to the life and work of Galileo. And while doing so, the author 
(Joseph Pitt) questions the mere notion of “context” itself, and hence the whole 
project of this EEPiC-diptych. The notion of context is so easily used that we think 
we know what we mean by it … until one tries to defi ne it properly! In practice, 
there seem to be many shades of contextuality. This leads Pitt to the observation that 
“talk of ‘engineering in context’ is, at best, unhelpful” because it is a “static con-
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cept.” The lure of context is the desire to identify bounded causes. But how can 
those boundaries be maintained in ever-evolving local and global changes? Inspired 
by a Heraclitean approach, Pitt argues that analysts should not focus on context or 
even contexts, but rather on processes in which people, technologies, ideas, and 
their interconnections are in constant fl ux. But Pitt does not want to deploy pro-
cesses merely as contexts-plus-action. Rather, processes also are interconnected and 
changing. Instead of trying to identify and implement universal solutions, the focus 
should be shifted towards local, situated analyses of engineering practice. The value 
of Pitt’s contribution lies in questioning the presumed self-evidence of our talking 
about engineering in terms of projects and contexts. Using other words (like pro-
cesses and environments) may at fi rst sight appear a formal detail: yet it is an invita-
tion to reconsider our views both on engineering and on our thinking about it: a 
philosophical enterprise par excellence. 

 In Chap.   21    , Li Bocong addresses the problem of interconnected scales in engi-
neering projects by arguing for distinctions between micro-, meso-, and macro- 
contexts. To establish his position, Li Bocong fi rst traces the rise of context as an 
analytical lens from the mid 1800s to the present. He show how different frames of 
interpretation emerged to describe the heterogeneous nature of engineering. He then 
describes engineering action in a micro-context by reexamining the famed 
Hawthorne experiments to provide a contextualist explanation that accounts for the 
physical, social, and cultural environment of any local engineering project. In dis-
cussing the meso-contexts of engineering, the author connects the local to organiza-
tional structures and inter-professional exchanges that emerge from the norm of 
team-based work in engineering. He notes that engineers are in essence hybrid men 
and women sharing values and ideologies with scientists and businessmen. Further, 
engineers shift their ideologies between these two camps depending on the context 
of the situation. This is not simply an exercise in easy pragmatism. Rather, Li 
Bocong claims it refl ects the contextualist nature of all engineering practice. Moving 
on to macro-contexts, Li Bocong uses the example of the variable national develop-
ment of railways to show that industrial policy, economic policy, and political reali-
ties together with the underlying cultural environment largely explain why the 
growth of transportation systems differed between countries. He gives special atten-
tion to the situation in China, where for example there was resistance to building 
railways in the late Qing Dynasty. Li Bocong concludes that, across all these scales, 
the context of decision making in engineering is not just an interesting theoretical 
issue but one of great practical importance. 

 In Chap.   22     Sjoerd Zwart and Peter Kroes aim to tease out the boundaries 
between what is at the heart of an engineering design problem in terms of its scien-
tifi c and technical challenge, and what might be considered the external factors 
surrounding that exercise. In accordance with Li Bocong, the authors note that 
stakeholders in a technological project inevitably have different perspectives. The 
corporate director will have the balance sheet as a signifi cant element in his or her 
context whereas the chemical engineer trying to fi nd an optimum agent for some 
process will have little need to consider anything other than the technological chal-
lenge on hand. Their chapter deploys an extended design example to take a long 
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hard look at what takes place on the ground. Starting with the previous work of 
Kroes and van de Poel that held it to be impossible to distinguish between technol-
ogy and its social context in general, here the authors endeavour to dig into the more 
specifi c question about the distinction between core and context in  engineering 
design . First Zwart and Kroes introduce two pairs of “cores” and “contexts,” which 
they refer to as “substantive” and “procedural.” The fi rst core/context pair relates to 
the factors that help to determine the design brief, and thus the ensuing object of 
design, whereas the second, the procedural core/context, is aligned with the factors 
that impinge on the process of design, such as its organisational aspects, the stake-
holders and the availability all kinds of resources. To study the distinction between 
substantive and procedural, Zwart and Kroes apply their framework to the case of a 
revolutionary water treatment plant design. In their extended technical discussion it 
emerges that clear distinctions between core and context are not easily made. One 
reason being that macro- and meso-contexts can confl ict, after all it is not uncom-
mon for corporate monetary factors to suddenly and radically change the direction 
in which a design is headed. Thus the “object” of design itself changes throughout 
the process. On the evidence of the water treatment example, Zwart and Kroes come 
to the conclusion that while in theory it is attractive to make a distinction between 
core and context of a design as object and process, in actual engineering practice 
such a distinction is problematic; furthermore, gaining a deeper understanding of 
the interplay of societal, engineering and scientifi c aspects within a particular engi-
neering design is more crucial than seeking to demarcate sharp boundaries between 
useful heuristics. 

 Fittingly, Chap.   23    , the last in the two-volume series, is written by an engineer 
whose career spans industry, the academy, and national and professional service. In 
what amounts to a microcosm of the larger project, William Grimson maps the status 
of context in engineering education, individual and organizational professional 
identities, ethics and values, economic decision-making, law, and grand societal 
challenges. He laments the paucity of attention paid to contextual thinking in many 
domains of engineering, while offering successful cases on which to enhance the 
profession’s sophistication in integrating contextual factors into its image and prac-
tice. Grimson’s contribution is to highlight a central dilemma confronting the refl ec-
tive professional. On the one hand, the practitioner is tasked to “do it right,” and 
knows that it is impossible to fully account for the gamut of contexts relevant to the 
defi nition and solution of engineering problems. After all, hindsight is built into the 
very defi ning of contexts. On the other hand, the responsible engineer knows that to 
“do the right thing” he cannot pretend to unknow    his learned awareness that every-
thing he does (and does not do) alters reality. 

 Taken as a whole, it is clear from this part that while there is a robust set of lenses 
to view the subject, “context” remains far from tamed in the engineering studies 
community much less among practicing engineers. In part, this is because there are 
no academic paths out of Grimson’s dilemma, but conceptual tools such as these 
volumes nonetheless are needed to offer methodological support to aid engineers as 
they grapple with the many-layered complexities of their labor. “Real world” case 
studies can provide a fi rm base on which to build some working principles for 
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broader public engagement and policymaking. One positive example is the so- 
called Aarhus Convention, which stipulates with administrative and judicial recourse 
that environmental information must be provided to citizens in a timely and trans-
parent manner so that they can participate in decision-making relevant to their lives 
(UNECE 1998). One could envisage using this as a model through which other 
contextual “knots” of engineering are addressed with the aim of underpinning some 
reasonable level of interaction between the public and relevant technical authorities. 
In this sense the defi ning of relevant contexts is a form of governance, and how 
society deals with context is a refl ection on the very nature of democracy.  
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    Chapter 19   
 Engineers Make Their Own Context: 
Vision- Making in the Profession 

             Matthew     Wisnioski      

    Abstract     Engineering is an inherently normative practice dependent on how 
engineers understand history. Social vision, however, when mentioned in an engi-
neering context typically brings to mind extremist regimes such as Nazi Germany 
or Stalinist Russia. But all engineers practice with assumptions about how their 
interventions in the material world will change society. The historian of American 
engineering Edwin Layton called this set of socio-political beliefs the  ideology of 
engineering . Engineers’ beliefs, however, have not been uniform across time and 
geography. Engineers have worked in specifi c national, international, corporate, 
and government contexts that have infl uenced how they see society’s past, pres-
ent, and future. This essay surveys the historical literature on engineers’ social 
thought and presents a detailed case study of confl icting worldviews in 1960s 
American engineering to explore how engineers have acted upon differing  nor-
mative visions . I argue that studying how engineers contextualize their world – 
particularly during moments of historical crisis – provides a source of inspiration 
and classroom instruction for those concerned with contemporary engineering in 
a global world.  

  Keywords     Contextualization   •   New engineer   •   Ideology   •   Normative vision   • 
  Responsibility   •   Technological change   •   Globalization  
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       The Many Shades of New Engineering 

 Engineers make their own context. They defi ne what it means to be a professional, 
to be responsible, to be an American, a Swede, or a global citizen. Not anything 
goes in this act of contextualizing. The laws of physics and nations apply, budget 
offi ces reign, contracts must be honored, social norms obeyed. But like the material 
world, which a skilled engineer bends to his or her will, who engineers are also is 
malleable. 

 In the normal state of affairs engineers collapse  is  into  ought , focusing on solu-
tions to problems without incorporating how a problem came to be, what sets its 
boundaries, and how reconceptualizing its past has the potential to redefi ne engi-
neering itself (Alder  1997 ). This strategy is in part born of necessity. If engineers 
challenged every aspect of their being, they would not be engineers but rather skep-
tic philosophers and historians, incapable of resolving their disputations on time 
and under budget. But it is also a strategy premised on sequestering the social from 
the technical in constructions of society and self. To question whom or what one 
serves is to cast doubt on present needs and to challenge the social order. 

 A minority of engineers, however, dedicate careers trying to make engineering 
transcend the needs of the day. Not satisfi ed with engineering in the world as it is, 
these visionaries seek to articulate and build into reality what it should be. As a 
consequence of their contextualizing in the United States we currently have the 
  Engineer of 2020    (National Academy of Engineering  2004 ) and the  Grand 
Challenges for Engineering  (National Academy of Engineering  2008 ). Forty years 
ago it was the New Professionalism (American Society of Mechanical Engineers 
 1971 ), before that a mandate for engineer-economists. 

 At the edges of the profession, questions of who engineers should be can take on 
an overtly political cast with the intention of provoking change in the mainstream. 
Organizations from Technocracy, Inc. to  Engineers Without Borders   (EWB-USA 
 2013 ) have sought to remake engineering to control a failing global economy, to 
restore human values to autonomous technology, or to bring modernity’s fruits to 
the other 90 % of humanity (Smith  2007 ). 

 Those most concerned with recontextualizing engineering often turn to history, 
literature, or the social sciences to form an ideological basis for implementing 
change. Assisted by humanist and social scientist mediators, they use these sources 
not to understand the past on its own terms, but to mine history and culture as 
sources of meaning in the present and guides to the future, sometimes reaching as 
far back as the Neolithic Age for a usable past (Wisnioski  2009b ). 

 The engineer as social theorist in action is a phenomenon hardly unique to the 
United States. Whether in calls for “Bildung in Engineering” or “new Renaissance 
engineers,” a concerned minority from Denmark to Australia, is turning to local 
heritages to produce fl exible engineers for a global world. Indeed, this volume’s 
organizers have argued in a previous transatlantic collaboration that: “it seems jus-
tifi able to speak of a general crisis in engineering education calling for ‘a new engi-
neer’” (Christensen et al.  2007 , p. 14). 
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 By studying how engineers have used visions of self, society, and technology to 
remake their world, this essay seeks both to interrogate and contribute to efforts to 
design “new engineers.” I fi rst highlight tensions raised by the prospect of engineer-
ing in a “global context” by surveying engineers’ past engagements with nationalist 
ideologies. I then turn to a detailed study of another engineering crisis – the crisis of 
technology in late 1960s America – to show how disputes about the meaning of 
technology can reshape engineering’s dominant images and practices. Finally, I 
argue that historical accounts of how engineers contextualize their world during 
periods of confl ict offer reformers a more robust usable past than narratives of 
context.  

    Vision-Making in Engineering 

 Do engineers across borders share a common perspective that transcends local tradi-
tion and national interest? Edwin Layton ( 1971 ) asserted the historical emergence 
of a common engineering ethos when he posited the existence of an   ideology of 
engineering   . Engineers, he explained, are hybrid agents, borrowing from the world-
view of the scientist and the businessman, yet identifi able as neither. 

 To create a unique social identity, Layton showed, American engineers in the 
early twentieth century propagated a set of beliefs about society and self that drew 
upon a powerful new rhetoric of  technology  as the wellspring of social progress. In 
a Machine Age rife with class warfare and alienation, engineers portrayed them-
selves as heroic servants, harnessing man and nature to build technological systems 
for the greater good. 

 As engineers crafted their  normative vision  , they claimed sole authority over the 
domain of technology.  The Machine  was neither an autonomous historical force nor 
a collective cultural achievement; it was the product of the engineer’s organized 
intelligence. This creative agency was fused with prevailing notions of masculinity, 
middle-class respectability, and, for leading reformers, progressive politics. The 
 professional  engineer was to apply his  scientifi c expertise  guided by  moral  virtue. 
His pursuit of  effi ciency  would eradicate waste to bring  profi t  to all,  bridging  rifts 
between Labor and the Captains of Industry (Oldenziel  1999 ). 

 The  ideology of engineering   was a resilient set of beliefs despite the fact that its 
point of origin belied its mythic nature. It cast engineers as autonomous experts, 
while most were employed in the bureaucratic hierarchy of industrial corporations. 
But the ideology of engineering maintained its allure even when it failed in practice. 
Railing against industry’s control of professional standards, in the 1910s–1920s a 
core of reformers drew upon this ideology to challenge the corporate status quo as 
a fi rst step in remaking society at large. Signifi cantly, however, most of the same 
forces that led reformers to believe engineers should be at the vanguard of social 
change via autonomous expertise, proved even more effective in supporting a vision 
in which the corporation was the necessary agent of social progress. Supporters of 
this worldview recast rank-and-fi le service as subordination to the corporation for 
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the greater good, and argued that the rise to top management marked the pinnacle of 
professionalism (Noble  1977 ). 

 A quarter century of historical scholarship has proven Layton’s notion of a uni-
tary ideology of engineering to be an Amerocentric perspective, at the same time 
that it has reinforced the importance of social vision in the lives of engineers. In 
different national territories engineers have been trained to serve a range of organi-
zational structures and social philosophies that make any single explanation of what 
it means to be an engineer untenable (Bailes  1978 ; Hecht  1998 ;    Meiksins and Smith 
 1996 ). Currently, there at least 45 distinct paths in Europe alone, from the 
 Akademiingeniør  (Denmark) to the  Verkfraedingur  (Iceland) (Lucena et al.  2008 , 
p. 438). Moreover, whom engineers should be changes, sometimes dramatically, 
even within these boundaries. In Germany, for example, engineers who were avid 
servants of the Nazi project of reactionary modernism became supporters of 
Communist engineering in the German Democratic Republic (Herf  1984 ; Augustine 
 2007 ). 

 We might identify these distinct political visions among engineers of different 
countries to prove that context matters. No doubt it confi rms Alder’s adage that 
“engineers are designed to serve” (Alder  1997 , p. 86). Alternatively, we might argue 
that it tells us something  universal  about the character of engineers, that as C.P. Snow 
once wrote: “In nine cases out of ten engineers are acceptant of any regime in which 
they fi nd themselves” (Snow  1954 , p. 136). 

 My claim is that if these historical accounts offer a useable past to engineers, it 
is the recognition of how embracing or resisting a particular political or social “real-
ity” always is an act of  contextualization   – not only of social goals but also of who 
engineers are and what they are for. I am primarily interested in the engineers in 
Snow’s remaining tenth, but even the most compliant organization man structures 
his vision in such a way as to make resistance seem inconceivable. In both extremes 
engineers rework their social politics hand-in-hand with the work of defi ning their 
uniqueness as engineers. 

 In my book  Engineers for Change , I introduced the concept of   normative vision    
to convey how engineers’ interpretations of society and self structure experience 
and guide future action (Wisnioski  2012 ). Normative visions are historically 
grounded explanations that stand at the heart of much engineering decision-making. 
They explain the present state of affairs and how it came about with either implicit 
or explicit reference to outcomes. Normative visions are not rigid set of values, 
rather they are constructed of plastic networks of sometimes contradictory ideas, 
images, and practices that individuals use to enroll others toward shared goals and a 
common sense of self. For the minority of engineers who attempt to scale up their 
societal ambitions, these visions become synonymous with philosophy or ideology. 
Studying engineering’s intellectuals and visionaries proves especially valuable for 
understanding the dominant images within larger professional norms. 

 Ideas have consequences and some visions are more fl exible or constraining than 
others. The failure of progressive reformers in America to make good on their claims 
of technocratic leadership at the same moment that their values were espoused in a 
different register by the businessmen that defeated them, is indicative of ideology’s 
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fl exibility and limitations. Ideological concepts, moreover, are often powerful on 
the local or national level but either fail to extend beyond these borders or are trans-
lated and modifi ed when exchanged across them.  Bildung  in engineering, for exam-
ple, may be an effective strategy in Germany, may spark contestation in debates 
about making  European  engineers, and likely will fi nd little traction at all across the 
Atlantic.  

    Making the Local Universal 

 Accepting the local character of vision-making, how then can we account for the 
obvious similarities among engineering cultures internationally; particularly since 
what it means to be an engineer appears to be converging as a consequence of trans-
formations in the global economy? 

 For one, engineers have never lived in hermetic national containers. Whether in 
frontier expeditions, the development of colonial infrastructures, humanitarian mis-
sions, or corporate multinational outsourcing, engineers, their practices, and their 
devices have been among modernity’s most mobile actors. While most engineers 
have been fi ercely protective of local norms and standards, they nonetheless have 
altered and recontextualized their practices and ideas in this international circula-
tion. The nationalist policymakers who worry about falling behind accelerate this 
exchange in their desire to know what competitors are doing to defi ne what it means 
to compete. 

 At the same time, the expansion of multinational corporations and the globaliza-
tion of design and manufacturing have brought the role of circulation in engineering 
to the fore of international consciousness. But employers’ visions of what engineers 
are and whom they serve are sometimes at odds with those of professional societies, 
national policymakers, and engineering educators. Consequently, one fi nds both 
employers and professional organizations expressing fear about autonomous social 
changes that engineers are failing to master. 

 Two powerful keywords –  technology  and  globalization  – are at the center of 
local efforts to contextualize these macroscopic economic, material and social 
changes. Recognizing how these concepts have come to structure engineering’s nor-
mative vision is of more than mere academic interest, because “while ‘technology’ 
expands its rhetorical reach, that of ‘engineering’ shrinks” (Williams  2002 , p. 17). 
But the hazardous concepts (Marx  1997 ) of  technology  and  globalization , as well as 
the visions of historical change they support, are not spread by their own volition. 
They have been and continue to be appropriated, modifi ed, and promoted by indi-
viduals and organizations – including engineers – in support of political and mate-
rial projects. 

 The historical period I know best, the American 1960s, offers vital insight into 
the processes by which engineers make coherent their changing world by contextu-
alizing the meaning of technology. In the cultural revolutions of the late 1960s fac-
tions within American engineering struggled to enlist the profession’s majority in 
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normative visions that challenged dominant narratives of the engineer’s societal 
role. It provides not only a case from which to generalize about vision-making in 
engineering cultures, but also an understanding of the undercurrents behind the cur-
rent clamor for “new engineers.”  

    Competing Visions of Technology and Engineering 
in 1960s America 

 In the late 1960s, American engineers’ compression of  is  into  ought  exploded in 
stunning fashion. Confronted with critiques of technology from without and changes 
in labor and knowledge practices from within, engineers’ semantic control over 
technology threatened to unravel. Decrying an onslaught of “New Luddites,” pro-
fessional society offi cers beseeched engineers to “look back in history and recog-
nize the frailty of the philosophical foundations upon which our acceptance of 
technology rests” (Marlowe  1970 , p. 12). At the same time, radicalized engineers 
preached “revolutionary engineering” for “countertechnology” (Aquarius Project 
 1971 ). 

 The heyday of the  Cold War   scientifi c state – from roughly 1950 to 1969 – 
brought about the largest transformation in the engineering profession since the rise 
of the corporation. Engineering expanded rapidly to maintain domestic, military, 
and cosmic supremacy. Depending upon who was counting, engineering manpower 
in the United States increased four-fold from 250,000 after  World War II   to over 
1,000,000 by 1965. The consolidation of America’s largest corporations was equally 
impressive. Nearly 75 % of the engineering workforce was employed in just 1 % of 
all fi rms. For engineers, however, the most visible change was the expansion of 
government patronage. When corporate contracts for federal R&D were taken into 
account, the United States government had become the profession’s largest 
employer, supporting the work of 45 % of the nation’s engineers (National Science 
Foundation  1968 ) (Perrucci and Gerstl  1969 ). 

 In the political economy of Cold War, engineers’ self-image evolved from 
system- builders to servants of the system. The cultural ascendancy of the scientist, 
contract-based work on giant teams, and the compartmentalization mandated by 
secret research strained the tenability of narratives of autonomous expertise or 
entrepreneurship for the rank-and-fi le, prompting disgruntled engineers to describe 
themselves as “high-class migrant labor” (Wakeman  1970 , p. 70). The success of a 
handful of systems-entrepreneurs such as  Simon Ramo  , director of the American 
ICBM program, and engineering-scientists like  Vannevar Bush  , head of the Offi ce 
of Scientic Research and Development during World War II and author of  Science 
the Endless Frontier , provided templates for new identities, but did little to combat 
the image of engineers as organization men. 

 Instead of an America of unbridled technological optimism, engineers found 
themselves in a hostile intellectual world. The rise of civil rights, environmental, 
and antiwar movements challenged the authority of the institutions that engineers 
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served at the same time that they reifi ed technology’s agency in social change. 
Technology, which had been the de facto marker of societal achievement, became a 
specter of out-of-control power. Texts like  Lewis Mumford  ’s  Myth of the Machine  
( 1967 ,  1970 ),  Jacques Ellul  ’s  Technological Society  ( 1964 ), and  Herbert Marcuse  ’s 
 One Dimensional Man  ( 1964 ) portrayed society as totalitarian, based on rational-
izing, destructive values. According to these intellectuals, unless the existing system 
was dismantled, there was no hope for a future in which technology enhanced the 
“human center.” 

 By the late 1960s, engineers of all stripes concluded that the world was in the 
midst of a crisis of modernity, characterized by men on the moon and children on 
fi re; campus research centers occupied by student dissidents; environmental hazards 
resistant to linear solutions; an aerospace industry subsidized by the Department of 
Defense; a creed of individualism and company loyalty in a system that normalized 
mass layoffs; and a popular culture in which journalists wrote proudly that “There 
is no stopping the engineering mentality, we can only try and stop the Engineers” 
(Marine  1969 , p. 46). 

 It would be a mistake to recognize these changes inside engineering and trace 
how the   context    of the late 1960s impacted the profession in one way or another. 
Rather, given the multitude of challenges, this historical moment offers a rich case 
of how engineers  contextualize  ideas and events in order to negotiate who they are 
and what they do. While the proximate causes of the crisis were new demands for 
pollution control, ecological harmony, and the conversion of techniques of warfare 
to welfare, above all else engineers experienced it as an existential and intellectual 
threat. As  technology  expanded its rhetorical reach, engineers feared that they were 
losing their identity as its masters. 

 A tiny minority, no more than a few thousand engineers, responded by turning to 
the growing genre of  Technology & Society  literature, written by American and 
European intellectuals, in an attempt to retool engineering’s normative vision. This 
literature encompassed a range of beliefs, but two competing positions dominated 
how partisan intellectuals talked about technology. 

 The political theorist Langdon Winner ( 1977 ) described the fi rst position – advo-
cated in the writings of critics like Ellul and Mumford – as an  ideology of  techno-
logical politics   . This view had two defi ning tenets: (i) technical decisions were 
inherently political, and thus technological systems embodied political philoso-
phies; and (ii) once the dominant system was suffi ciently advanced, it would become 
autonomous. Analysis between society’s  is  and its  ought  would drive reasoned 
action to liberate man from totalitarian rationality. In the absence of blueprints for a 
human-centered society, one’s fi rst task was to become aware of his place in the 
system. 

 A small core of engineers – generally professors and disaffected defense industry 
employees – was catalyzed by an ideology of technological politics. They strove to 
integrate the lessons of technology’s critics into their vision of engineering service. 
John Boyd, a mechanical engineer at WPI, for example, summarized Ellul in his 
 Journal of Engineering Education  essay “Science is Dead – Long Live Technology!” 
He claimed that  technique  rendered even engineers into cogs, concluding that 
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 engineers needed “to teach how man can use technology rather than be used by it” 
(Boyd  1972 , p. 895). Underground corporate newsletters and alternative journals 
like General Electric’s  GE Resistor  and the Committee for Social Responsibility in 
Engineering’s ( 1971 )  Spark  were venues for bringing together those interested in 
recontextualizing engineers as collaborative partners with the public rather than as 
servants of the “military-industrial complex.” 

 This worldview did not  require  reading critical texts, but doing so provided engi-
neers with intellectual authority. It appealed because it named the complex in which 
they worked – its control of the economy, employment patterns, Vietnam – and most 
of all because it confi rmed their alienation and offered a way forward. Nor were 
these engineers guided solely by the beauty of their ideas. In addition to construct-
ing human technology, they saw their criticism as a means for gaining control over 
their labor. 

 An ideology of technological politics thus was an attractive proposition because 
it created new and successful modes of political engagement for engineers. Reform 
movements within the professional societies and engineering schools pushed for all 
engineers to better understand technology’s critics. Its converts, however, could 
become so engaged in recontextualizing their profession’s past, present, and future 
that they could lose sight of the goal of engineering it. Indeed, there were few proj-
ects where the principles of technological politics were implemented into actual 
projects. Nonetheless, from the perspective of these engineers, success seemed just 
over the horizon. 

 But talking about a revolution extended beyond dissenters and reformers. 
Alarmed by the outsized impact of the critical minority, the nation’s engineering 
deans, society offi cers, and top management also strove to restore progressive 
meaning to engineering through a new vision of technology. They conceded that 
technology created real problems, but a culture of protest was no solution. With the 
help of establishment intellectuals they crafted a robust counter-ideology to techno-
logical politics in a worldview that following Winner and Williams I call an   ideol-
ogy of technological change   . 

 An ideology of technological change posited that technology was neither good, 
nor evil; neither was it neutral. Technological change was a semi-autonomous force 
that was accelerating rapidly, outracing the ability of social institutions could adjust. 
It produced tremendous opportunities, but also social dislocations, alienation, and 
the threat of nuclear holocaust. Through rational management, however, technolo-
gy’s negative   unintended consequences    could be  minimized  and its positive capaci-
ties  maximized . 

 Engineers circulated three variants of this worldview. The fi rst called for a new 
“socio-technologist” – an engineer that would be equally versed in the natural sci-
ences and socio-humanistic learning. Ramo, then one of the nation’s best-known 
engineers, was a vocal advocate of this strand as a means of restoring the profes-
sion’s heroic luster. In two monographs and over a hundred articles and speeches, he 
argued that systems engineering would be the  Cure for Chaos  ( 1969 ) in a  Century 
of Mismatch  ( 1970 ) between technology and society. The second placed the onus 
for socio-technical decisions on the social science and policy think tanks that gave 
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an ideology of technological change its academic credibility ( Harvard University 
Program on Technology and Society    1972 ). The third variant targeted the rank-and- 
fi le, arguing that the engineer’s primary responsibility was to technological change 
itself. While elite experts resolved the complicated human problems of technology, 
the majority of engineers were to keep pace with accelerating change. 

 Advocates of both an ideology of technological politics and technological change 
in the late 1960s and early 1970s attempted to implement their ideals in multiple 
venues from professional member societies to develop projects across the globe, but 
they targeted the nation’s engineering schools as the key battleground for reform. 
That engineering schools were such an important focus of attention comes as no 
surprise. It was in pedagogy where “new engineers” could be formed before stu-
dents were disciplined into existing norms. It was also where engineers had greatest 
access not only to texts in the  technology & society  genre, but in many cases to the 
authors themselves. 

 At least since the aftermath of Sputnik, educators had struggled to establish a 
distinct identity for engineers amid Cold War transformations, particularly the new 
hegemony of science. Exacerbated by campus unrest, critical theories of technology 
redirected institutional reform. The same organizations that had pushed to overhaul 
the nation’s curricula to produce engineering-scientists now explored how to use 
“liberal education” to distinguish the “genuine engineer” from the irresponsible sci-
entist and the menial “technician” as a man who could envision the “system of the 
future as a whole” (ASEE Humanistic-Social Research Project  1968 , pp. 11, 20, 
21). One survey identifi ed over 200 schools revamping their curricula (Knepler 
 1973 ). 

 Some engineering educators found themselves empowered in the rush for 
change. The active mediation of humanists and social scientists made pedagogical 
reform possible. The historian Lynn White, for example, called engineers “the chief 
revolutionaries of our time” and suggested that humanists and engineers join forces 
in the creation of a “new humanism” and a “global democratic culture” (White 
 1967 , pp. 375–376). 

 Still, educators conceived of what engineers were for differently, and thus read 
history differently. A handful of faculty and programs sought to use the past to train 
humility and alternative power relations in technological decisions. Harvey Mudd 
College, for example, pursued a model in which classic texts were used to recognize 
that problems of human nature could not simply be engineered out of existence 
(Waldman  1971 ). The great majority of educators, however, cultivated an ideology 
of technological change. They used historical texts to instruct that the consequences 
of rapid technological change had been unforeseen, but now that its logic was iden-
tifi ed, it could be managed by incorporating history and culture as variables in for-
mal design methodologies (Rosenstein  1968 ). 

 At the center of these differing interpretations were assertions of whether the 
engineer was a “conscious agent of social change,” or a tool to be directed by 
change’s “manipulators” (ASEE Humanistic-Social Research Project  1968 , p. 4) 
(De Simone  1968 , p. 6). However, once establishment intellectuals, top  management, 
society offi cers, and many educators contextualized a vision that both explained 
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technology’s ill effects and absolved engineers for the “unintended consequences” 
of their work, the force of alternative visions dissipated. Re-fusing the divide 
between  is  and  ought , American engineers in the early 1970s internalized an ideol-
ogy of technological change as a self-evident reality rather than a socio- political 
worldview. 

 This moment of rupture in American engineering offers two signifi cant insights 
about engineering formation – one hopeful, the other cautionary:

    1.    During moments of expressed crisis engineers – especially engineering educa-
tors – are more likely to turn to texts, practices, and human collaborators outside 
the accepted realm of engineering to recontextualize what engineering is and 
who (or what) it should serve.   

   2.    Challenged by alternative models of engineering, those vested in the dominant 
practices of engineering do not simply dismiss technology’s critics, they craft 
alternative visions, which sometimes amount to  counter-ideologies , to recontex-
tualize the reformers’ claims to weaken their impact.    

In other words, the story of engineers in the late 1960s ultimately is not about alter-
native conceptions of whom engineers are for. Rather, it is an account of the contex-
tualization of the hazardous concepts that structure the lives not only of engineers, 
but of most citizens of the globalized world.  

    Conclusion: Change Without Change? 

 The historical inquiries into vision formation presented here offer those concerned 
with educating “new engineers” in the age of Microsoft and Royal Dutch Shell a 
pedagogical resource by suggesting that we present history to engineers as more 
than mere context. Since even the most unrepentant humanist will recognize that 
anything we teach engineers is likely to perform a normative function, engineering 
educators should emphasize processes of contextualization to help students make 
meaning of their world, now and in their future careers. To do so values method over 
genealogy. This is far less likely to lead to mythology or, worse, strong normative 
control in the workplace (Kunda  1992 ), because it gives students the resources to 
recognize the ways in which dominant images are constructed. 

 In this regard, studies of confl icting visions in engineering are especially valu-
able. Cases of contradictory worldviews are pedagogically useful because they 
make visible the processes that take place implicitly in everyday engineering. 
Attention to opposing conceptions of what engineering is for emphasizes the mech-
anisms of authority and the reality of alternatives. 

 Educators might conclude that introducing nascent engineers to the history of 
confl ict in their own ranks will lead to cynicism. While the perhaps quixotic esca-
pades of radicalized engineers in the 1960s fade into obscurity, the meaning of 
technology developed in reaction has become the background ideology of  modernity 
(Habermas  1972 ). Indeed, if anything, the rhetorical structure of  globalization  has 
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further likened engineering service to keeping pace. To read Thomas Friedman 
( 2005 ) is to read the ideology of technological change in a new register. This vision 
is the impetus behind many campaigns for “new engineers,” which emphasize mak-
ing engineers maximally appropriate for accelerating global change. What is to be 
gained, these skeptics might charge, by showing students that the beat goes on? 

 Thankfully, Bruno Latour reminds us that to simply conclude that “plus ça 
change plus c’est pareil” is to practice crude scholarship (Latour  1996 , p. 131). 
Engineers are not preordained to reproduce the status quo, and a particular techno-
logical future is not inevitable. 

 Educators – who are critical mediators for helping new engineers contextualize 
what it means to be a “new engineer” – might apply the lessons of the 1960s to think 
not about engineers in the  context  of a global world, but rather how they  contextual-
ize  that world in ways that constrain and afford engineers’ service. Before asking 
what competencies make someone maximally appropriate for the global economy it 
is worth questioning what one assumes  globalization  to be and what engineers 
should be doing to make it something else. As engineers become involved in global 
teams, for example, they might focus on where there is room to learn from other 
groups and where differences are important. By doing so students can learn how to 
recognize the limitations of the conceptual framework of  technological change  and 
 globalization  and how those concepts structure their labor. 

 At the very least, when student exercises aimed at demonstrating the difference 
between   context  and  contextualization    become integrated into engineering peda-
gogy, the majority of engineers who do not dedicate their lives to questioning fi rst 
principles might come to see that there are assumptions involved in their everyday 
practices – and that in attempting to solve problems they always recontextualize 
what is given, and thus what is possible.     
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    Chapter 20   
 Context Versus Processes 

             Joseph     C.     Pitt      

    Abstract     An examination of the diffi culties in identifying the conditions for 
 asserting that something is a context reveals the problem of not having a principle 
of selection for contexts. In this chapter it is proposed that rather than talk about 
engineering in context, we look to a broader understanding of what is involved in an 
engineering project, replacing “context” with “process” or perhaps “environment”.  

  Keywords     Engineering environment   •   Fundamental values   •   Political consider-
ations   •   Multiple factors   •   Principle of selection  

        Introduction 

   It’s all very complicated (Margorie Grene) 

 It is a commonplace that all engineering is done in some context or other. This is not 
to say that all  engineering education   is attuned to context, since the more engineer-
ing strives to be science-like, the more it seeks for general non- contextually bound 
principles. But despite the fact that we think engineering projects take place in a 
context, there really are no contexts. What there is instead is a process occurring 
over time in which the components and their relationships are constantly changing. 
An engineering project is basically the transformation of some set of ideas, designs 
and materials into something else. It takes place over time and in the process that 
unfolds the only constant is change. The situation is similar to that of science, in 
which the individuating of contexts is terribly diffi cult. The problems scientists 
work on have a history and change over time as players come and go, so that when 
talking about science it would be better to concentrate on problematics, which are 
historically extended investigations (Pitt  2007 ). 
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 In engineering, there are multiple stages in the process. We begin with the charge 
to build X – call it a bridge. The kind of bridge we are to build depends on  multiple 
factors  : its site, resources (i.e., budget), availability of materials, deadlines, local 
politics, cultural factors and personalities and leadership. Each of these factors will 
play a different role at different times. (Although not an engineer, I did build my 
own house and so I am drawing on some of my own experience and extrapolating, 
in addition to drawing on knowledge of what happens at an engineering site.)  

    The Site 

 The site is the initial context; how much work does it need? As we grapple with that 
problem the site itself recedes into the background; questions of what kinds of 
machinery we are going to need to transfer to the site comes into focus. Not only 
does the question arise as to whether or not the relevant machinery is available, but 
is the relevant expertise available? As an example, consider what happens when the 
geology of a site is not fully explored. When Virginia Tech was constructing its new 
$90,000,000 Center for the Arts, excavations for the stage area under the theater 
revealed a geological fault that took over a million dollars to accommodate. What 
kind of a timeline are we looking at and when can we get going on other facets of 
the project, such as ordering and storing materials? Are there problems in getting to 
the site? Do we need to build access roads, will they be permanent or are we going 
to have to plan on regrading when done? Now these problems are not tackled by a 
single  team  . The project is broken down into component parts – with smaller teams 
dealing with smaller problems – but they need coordination. And whoever does the 
coordinating brings one problem into prominence and then another.  

    The Social Environment 

 Sometimes everything has to stop while delicate negotiations with the locals take 
place – questions about who will be hired to work on the project and where will they 
be housed and are there appropriate support facilities in the local community don’t 
seem like engineering problems, but they are part of the context of the project and 
they too change over time. If a support community needs to be built, what happens 
to it once the bridge is completed and it is no longer needed? These are concerns 
that undergird the project and perhaps help situate part of the context, and they can 
make or break a project. So someone needs to be an expert on local relations – a 
local or a so-called “expert” from outside, which presents its own set of problems. 
The local may smooth the way in the community, but not be familiar enough with 
the ins and outs of the project to be a good liaison between project and local com-
munity, with the reverse problems coming with bringing in an outsider. For exam-
ple, if we return to the Virginia Tech Arts Center, we fi nd a serious clash between 
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the needs of the construction crew to have spaces to park large trucks carrying 
oversized materials and the faculty and staff of the university where parking is 
already in serious short supply and there is insuffi cient public transportation. From 
this perspective the site is not merely the physical space where the components of 
the bridge will eventually be placed. It is a broader, more amorphous  geo-cultural- 
political domain  , the components of which are in constant play.  

    Complicating the Context 

 If we turn to the physical components, they too share this kind of constant motion 
in relation to one another: earthmovers and drills were really important at fi rst, but 
once the footers are set, their roles recede as the cranes move in. So the once simple 
site has now become a beehive of activity, and it is not clear what the context of the 
project is because there is no single, simple context. Consider who and what is 
involved in this particular engineering project. We began with the site, but the site 
can’t be the context, because the site is in a location, a place, which may or may not 
be a simple geographical location. But no geographical location is simple. There are 
questions of subsurface geology, access to the area, ecological impacts, visual 
impacts and more to be considered. 

 Depending on whether the project is for a private fi rm or a governmental agency, a 
variety of other factors will make a difference to the context. And depending on what 
kind of governmental agency is involved, there will be different issues to be considered. 
If, for example, a state or federal agency wants to put a building in a city or town over 
which it does not have jurisdiction (e.g., the U.S. Government controls directly certain 
aspects of Washington DC) not only do the relevant state and federal regulations need 
to be considered, but the local zoning laws and city ordinances also factor in. 

 There are further signifi cant ambiguities when considering “context”. One we 
often do not think of in the engineering frame, is the political climate surrounding a 
project. Thus an oil pipeline from Canada to the United States comes under fi re 
because of environmental concerns such as global warming and the dangers of spill-
age. But such concerns will impact design factors and may initiate further regula-
tions, transforming the context yet again. Or consider the construction of a memorial 
to someone such as Martin Luther King Jr. Dr. King is still a polarizing fi gure in 
some parts of the United States. The context here is political in its most fundamental 
sense and involves some  fundamental values   in American society. And in the case 
of the King Memorial in Washington, DC, there is a problem determining who is 
responsible for proposing it, for getting it funded, and for securing approval from 
the appropriate commissions and committees. Each of these actions may be the 
responsibility of different persons. The impetus for the memorial came from a 
 variety of different sources and, likewise, was resisted by a variety of forces. The 
decision to build the memorial was not made the same way a decision to build a 
bridge is made. And while  political considerations   can clearly impact a bridge proj-
ect, consider the issues surround the location of the Tappan Zee Bridge across the 
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Hudson River in New York state; these were political but not in the same sense as 
those surrounding the King Memorial.  

    Looking for a Better Term 

 Consider a slightly more complicated example. Let’s assume a U.S. corporation 
decides to build a plant to manufacture its smart phone in China. Some of the factors 
involved are cost of manufacture of the phone, U.S. market needs, international 
market needs, international trade protocols, copyright issues, transportation in the 
United States such as port access, rail access or truck networks, Chinese regula-
tions, negotiations with the various relevant Chinese domains, and transportation 
issues in China. Which is the engineering context? Aren’t they all engineering issues 
to some degree or other? But if they are all to be considered, do they all make up the 
context? Or do we need a better term like, for example, “environment”? 

 We need some term that captures the complicated range of factors that we have 
been discussing. So we should ask, would shifting from “engineering in context” to 
“ engineering environment  ” do a better job? Well that depends on what the job is. 
And that is, in fact, one thing we have yet to consider. What job is supposed to be 
done by talking about engineering in context? At the beginning of this essay, I men-
tioned attempts in the teaching of engineering to make present engineering more 
like science, seeking general rules and procedures like scientifi c laws and the scien-
tifi c method. It is not clear how this meshes with talk of engineering in context. 
Perhaps what we have here is a clash between the more theoretical and the more 
practical minded teachers and practitioners. Or is the reference to engineering in 
context merely to put an emphasis on the fact that practicing engineers deal with 
specifi c projects? But if this is the case, then the specifi c project is, as we have seen, 
not a simple thing. And here I am not referring to the complexity of constructing a 
bridge. From the fi rst suggestion of building a bridge  here , there enter most of the 
issues we have been discussing. What is the need (this can be a political or eco-
nomic or combined concerned)? What are the problems to be faced (economic, 
political, geographical, geological, manpower, materials)? What social factors need 
to be considered? And more. 

 And it is not clear that all of this is managed by one person or at least not the same 
person throughout the process. At some point the site manager is in control, at another 
the fi nance people, at another, the architects – and it goes on like this. There is no one 
context. Rather, there is a complicated environment that is constantly in fl ux.  

    Impact on Engineering Education 

 That being said, there are some consequences that follow from this realization that 
what we once glibly referred to as a “context” is now a complicated environment 
that bear primarily on engineering education. For what we have seen is that the 
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various people in charge of one phase or another of a project need to have  multiple 
skills  . They need to be able to work in political, social, engineering, and economic 
environments. They need to know some history, especially if they are involved in an 
international project, and some psychology. They need management skills and peo-
ple skills. And I think it not unkind to observe that the standard engineering curricu-
lum is not designed to educate such persons. (One useful approach is systems 
engineering, where a system is recognized as a system of systems. But elaborating 
this idea would take us in another direction.) 

 Talk of “engineering in context” is, at best, unhelpful. For even the smallest engi-
neering project has multiple dimensions. One of the fi rst to note this is Larry 
Bucciarelli. We would all do well to go back and reread his  Designing Engineers  
( 1994 ). Having said that, it is important to note that Bucciarelli’s approach sounds 
in places similar to the context approach. He speaks of different “worlds” – the 
design world, the manufacturing world, etc. So while he breaks the process down – 
it still looks like he has contexts – plural, to be sure – in mind.  

    Some Historical Considerations 

 If enough of a case has been made to conclude that whatever happens, undertaking 
an engineering project is complicated in multiple ways, we still need to address the 
question of the value of talking about process or environment rather than context. 
We can start to make the case by looking at one of my favorite engineers, Galileo, 
and asking about the context in which he worked. 

 There is a case to be made for approaching the history of philosophy contextu-
ally. In so doing one runs the risk of offending defenders of the idea of a perennial 
philosophy – where philosophical questions are seen as having remained the same 
over the ages and the search for answers to them is a search for a universal response, 
one that will be good for all times and places. Not wanting to offend, but also com-
mitted to historical realism, I respectfully suggest that there are no perennial philo-
sophical questions. Some questions may sound the same when asked today as when 
they were posed in  Socrates’ Athens  . One such question is “What is the good life?” 
My reason for claiming a different question is being asked today than 2,500 years 
ago is simple. What would have satisfi ed the Athenians as an answer would not 
satisfy us today. Consider Socrates’ Athens, a city-state that practiced slavery and 
where women did not have the vote. Today we abhor slavery and seek constantly to 
ensure equality for all. Our good life is a different one from Socrates’ – although one 
would hope that if pushed hard enough he might come to the same point of view we 
share today. If the answer is different, the question cannot be the same. 

 Now for Galileo. The point of historical contextualization is to try to understand 
the nature of the problems Galileo worked on as he understood them, not as we 
understand them today. This is to reject the Whig approach to history. 1  However, if 
we push the question regarding the context in which Galileo worked we are going 

1   See Butterfi eld ( 1931 ). 
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to fi nd ourselves in a mess. For there are several ways to characterize the context in 
which Galileo worked or, to put it somewhat differently,  Galileo   worked in many 
contexts. He was by title Court Mathematician and Philosopher to Cosimo II. He 
was a catholic who was also considered a heretic. He was a lover, a father, head of 
his family but never married, constantly obsessed by money. He was a Platonist and 
an Aristotelian and a Copernican and still again something new as a methodologist. 
He was a musician and he designed things like the military compass and his tele-
scope and microscope. How are we to understand the context in which he labored? 
Was it the court? Was it that part of Italian society dominated by the Church? Was it 
his family? Was it his love of puzzles? Was it his commitment to mathematics and 
measurement? A major problem with contexts it seems is that there is no  principle 
of selection   that allows us to identify the proper context. 

 I want to argue that while there was no singular context in which to place Galileo, 
he was a product of all of those contexts and probably others not mentioned. To 
understand Galileo, the man, his work, his passions, requires knowing a lot about a 
lot of different things and how they all fi t together. To try and fi nd one or even more 
contexts in which to place him would be to create unnecessary problems. For exam-
ple, was he a Platonist or an Aristotelian? Does it really matter? Why can’t we allow 
him to have started his career in an Aristotelian mode (having been educated in that 
fashion) and through his increasing commitment to the role of mathematics in prob-
lem solving drawn into a Platonic mode only to adopt a Euclidean methodology and 
end up creating two new sciences. If we really want to understand Galileo, we need 
to see him developing and responding to the various forces by which he was buf-
feted. Over his lifetime he was constantly changing, as we all do. I object to histori-
ans of philosophy who insist that a philosopher’s views must be consistent over 
time. Why must this be the case? Does anyone seriously believe that we should hold 
a 75 year old thinker to ideas she fi rst propounded in her 20s? Of course not. 
Engineering contexts are much the same – there is no one context in which to frame 
an engineering project, there are many and they struggle for prominence depending 
on personalities, places and times.  

    Conclusion 

 The value of abandoning contexts in favor of processes is that it allows us to obtain 
a greater understanding of the dynamics of the environment in which engineering 
projects take place. In their introduction to  Engineering in Context  ( 2009 ), the 
 editors, explaining the project, noted,

  Thus an important aim of this book is a better understanding of the contexts in which engi-
neering activities are situated within the larger realm of human activities and the culture 
which surrounds them at the micro, meso and macro levels. (Christensen et al., p. 5) 

 This is a lofty goal and one worth pursuing. But to achieve it we need to rethink one 
premise, that it can be achieved by focusing on contexts. For “context” is a static 
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concept. It suggests some kind of identifi able set of boundaries. But in the real 
world, boundaries are fl uid and constantly shift in response to varying forces and 
changing priorities. As noted earlier, in our bridge example, different individuals 
take on leadership responsibilities depending on where the project is at any point in 
time. Appreciating the fl ow of the process where sometimes  this  is being done and 
 this  person is the one to ask about something and then something else needs to be 
done and others take charge is to come closer to understanding what really happens. 
Talk about context may make things simpler, but simplicity does not always yield 
true comprehension. In this context seeking simplicity is like looking for universal 
answers to local questions. It just may be time to take the next step and look for 
local answers in all their complexity and to abandon interfering artifi cial 
boundaries.     
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    Chapter 21   
 Engineering Action in Micro-, Meso-, 
and Macro-contexts 

             Li     Bocong      

    Abstract     Context initially referred to linguistic context of language texts and dis-
course in the fi elds of linguistics and communication. But philosophers of engineer-
ing should research the context in which engineering practitioners both speak and 
act. Engineering action means not only an individual’s action, but also a collective 
action participated in by many kinds of engineering practitioners. Modern engineer-
ing action is usually undertaken by an enterprise as a special kind of community. 
The context of engineering action can be divided into three levels: micro-, meso-, 
and macro-levels. For a particular engineering decision-maker and a particular engi-
neering action, the boundary between action and context is to some extent may be 
changeable, but it does not mean that there is no boundary between action and con-
text. The problem of context is not only a theoretical one, but also a practical one.  

  Keywords     Engineering action   •   Engineering community   •   Context   •   Micro   •   Meso   
•   Macro  

     The publication of  Engineering in Context  (Christensen et al.  2009 ) marked an 
important advance in the study of  engineering  . In its preface, the editors referenced 
the book  Science in Context: Readings in the Sociology of Science  (Barnes and 
Edge  1982    ) as a classic in the sociology of science. Their own volume sought to 
bring engineering under the same contextualist perspective. As a further contribu-
tion to this approach, the present chapter in a new collection on engineering in 
context reviews the emergence of context as a general principle of understanding 
and then explores its application to engineering at three levels. 
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    The Emergence of the Theory of Context 

 The theory of  context   was brought forth in the later years of the nineteenth century. 
Studies on various issues of context in such academic fi elds as linguistics, philoso-
phy, anthropology, and communication, have now become common. 

 In the history of science, Gottlob Frege (1848–1925) is the earliest scholar who 
placed context at the core of theory. He used the concept of “context” for the fi rst 
time in  Die Grundlagen der Arithmetik  (The Foundations of Arithmetic) (Frege 
 1980[1884] ), and brought forth the famous “context principle”, which urges people 
never to ask for the meaning of a word in isolation but only in the context of a sen-
tence. For various reasons, Frege was virtually unknown when alive and did not 
become famous in the fi elds of linguistics, philosophy, logic, and analytic philosophy 
until the second half of the twentieth century, when he was recognized as the founder 
of modern logic and a major fi gure in analytic philosophy. Because his primary status 
was as mathematician and logician, his views on context exerted an infl uence mostly 
on logicians, philosophers of mathematics, and analytic philosophers, and were unfa-
miliar to scholars in other fi elds. For a long time and even now, scholars especially in 
the fi elds of social science failed to appreciate Frege and his work. 

 Many scholars regard Bronislaw Malinowski (1884–1942) as the founder of the 
theory of context. Malinowski proposed the concept “context of situation” in 1923 
and used it in translating and understanding utterances. In 1935 he put forward the 
new concept “context of culture” and applied this idea in anthropological studies. 
While Frege focused only on context of words, Malinowski focused not only on 
words but also on larger units of language, sentences, passages, and so on. He paid 
close attention to both written and verbal language, and to linguistic and non- 
linguistic contexts. As a result, Malinowski has been infl uential well beyond 
anthropology. 

 In the second half of the twentieth century, the theory of context evolved rapidly. 
Many linguists, such as J.R. Firth, M.A.K. Halliday, D. Hymes, J. Lyons, Wang 
Zhanfu, and Wang Jianhua, developed their own linguistic theories of context (Zhou 
Shuping  2011 , pp. 13–49). As a result, linguistics became an important fi eld in 
which the study of context bore rich fruits. At the same time, scholars expanded its 
scope. As the study of context entered new fi elds, contextualism emerged as a gen-
eral approach. Differing from those who interpreted text as language text, and con-
text as linguistic context, the French philosopher Paul Ricoeur (1913–2005) 
expanded the understanding of text and context. Ricoeur proposed that not only 
book text and verbal language can be regarded as a text, but action can be seen as 
another kind of text. Ricoeur pointed out that not only the context of a language text, 
but also the context of an action, can and must be studied as such (Ricoeur  1981 , 
pp. 197–221). 

 While in the fi elds of linguistics, communication, and linguistic philosophy 
scholars focused attention mainly on the context of written language, verbal lan-
guage, discourse, and book text, philosophers of science focused attention on both 
the contexts of written scientifi c papers, on the one hand, and of scientifi c 
 experiments as a special kind of practice, on the other. 
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 Studies of context have been further advanced in the philosophy of technology. For 
example, Anthonie W.M. Meijers has argued that the properties of technical artifacts 
can be divided into three types, one of which is context-dependent properties (Meijers 
 2001 , p. 83). In addition, there is more attention to and conscientious historical study 
of context in the history of technology. The publication of the book  In Context: History 
and History of Technology  (Cutcliffe and Post  1989 ) demonstrated how historians of 
technology appreciate the importance of the study of context.  

    Context with Regard to Engineering 

 Insofar as context can now be applied to the study of engineering, there are three 
points to be noted and underscored. The fi rst is related to the object of study in con-
text. Different from scholars in the fi elds of rhetoric, linguistics, and linguistic phi-
losophy who take the context of language text as the object of the research, 
philosophers of engineering should lay emphasis not only on the context of written 
and verbal language of engineering papers but also on the context of engineering 
action as a particular kind of text. In other words, the crux of the matter lies in the 
context in which an individual or an enterprise acts rather than in the context in 
which an individual speaks. 

 The second point is that following economists, ethicists, and sociologists who 
put forward the hierarchical distinction between micro-, meso-, and macro-levels of 
both action and analysis, philosophers of engineering should analyze and investi-
gate the context of engineering action based on this same three-level framework (Li 
Bocong  2012 , pp. 31–35). 

 A third point concerns the Chinese translation of these terms. When studying 
context in the fi eld of philosophy of engineering, Chinese scholars must translate 
the English word “context” into Chinese. However, there is a problem here. In lin-
guistics, rhetoric, and philosophy of science, “context” is generally translated into 
the Chinese word  ( y  jìng ) that refers to linguistic context or the environment 
of discourse or utterance clearly and strictly in Chinese. Yet when studying the con-
text of engineering action, the context obviously refers not only to the environment 
of discourse or utterance, but more importantly, to the social, economic, and natural 
environments of engineering action. But such a meaning cannot be included in the 
Chinese .  Engineering action   is not just a linguistic action, but a kind of action 
creating artifacts. In order to express these meanings, “context” must be translated 
by another Chinese word,  ( ch ng jìng ) which has a wider meaning than . 
Therefore, while the same English word can be used to express both the environ-
ment of a text such as novel, poem, or scientifi c paper, and the environment of an 
action, two different Chinese words  and , which should not be confused, 
must be used respectively to express the meaning of the context of language and the 
context of action, that is, the environment of language and of action.  
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    Practitioners’  Engineering Action   in the  Micro-   context   

 The divisions of micro and macro in physics, economics, and sociology have 
been supplemented by economists’s addition of the concept of meso, thus estab-
lishing a micro-meso-macro framework. The three levels of the framework are 
obviously inter-related and connected, although the micro level is in some sense 
fundamental. 

 While the scientifi c community consists of scientists as homogeneous members, 
the  engineering community   consists of heterogeneous members, including workers, 
engineers, managers, investors, and other stakeholders (   Li Bocong et al.  2010 , 
pp. 27–29). Consequently,  engineering action   inherently involves multiple actors 
including workers, engineers, managers, investors, and so on. 

 When analyzing the activities of engineering practitioners who are the micro 
subjects of engineering action, one discovers an interesting phenomenon: different 
members of engineering communities have reciprocal relationships with each other 
between action and context. For instance, engineers, managers, investors, and some 
other stakeholders become the context of activities of workers. At the same time, 
workers become an important factor of the context for managers, engineers, inves-
tors, and other stakeholders. What follows touches on some issues related to the 
context of activities of workers and engineers. 

 As we know, many scholars focused their studies on workers’s activities. Social 
scientists and management experts proposed various theories to interpret workers’s 
activities. A good example is the Hawthorne experiments of Elton Mayo (1933 
[1960]). 

 The Hawthorne experiments, which were carried out at the Western Electric 
Company’s Hawthorne plant in Cicero, Illinois, in the 1920s and 1930s, have had a 
far-reaching infl uence. The initial purpose of the experiments was to determine the 
relationship between the situation of the physical workplace and productivity. At the 
beginning of the experiments, researchers did not obtain results they expected. 
However, as a result of subsequent involvement Elton Mayo and Fritz Roethlisberger, 
the experiments underwent dramatic changes. In particular, a signifi cant break-
through was made in the theoretical explanation of the experimental results. 

 Admittedly, different researchers have given different interpretations to the same 
results by approaching them from different perspectives. Some scholars interpreted 
the Hawthorne experiments from a humanistic perspective. From this perspective, 
workers should not be regarded merely as “economic men” but also as “social men”. 
It was argued that after the Hawthorne experiments, management theory entered the 
“era of social men”. To a certain extent, this can be thought of as a human nature 
oriented theory. 

 But there is another, context-oriented theory that differs from the human nature 
oriented theory. Although the interpretation that focuses on the social nature of 
human beings is to a great extent justifi able, it would be a mistake to believe that the 
Hawthorne experiments demonstrate only the importance of human nature in engi-
neering action and that the context of the workplace is of little importance. 
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 Roethlisberger, who participated in the Hawthorne experiments as an assistant of 
Mayo, generalized their fi ndings in  The Elusive Phenomenon  as follows:

  1. Work conditions have more effect on production than the number of workdays in the 
work. … 
 3. The supervisor’s method is the single most important outside infl uence. Home condition 
may affect the worker and his work. However, a supervisor who can listen and not talk can 
in many instances almost completely compensate for such depressing infl uences. 
 5. The most surprising result came toward the end of the experiments, … when the research-
ers returned to the original forty-eight-hour week without rest pauses. Once again, produc-
tivity rose! Yet again, it seemed that the workers were responding to the positive concern of 
the experiments rather than to the physical work conditions (quoted from Gabor  2000 , 
pp. 113–114). 

   Obviously, the Hawthorne experiments never denied the importance of context. 
But they defi nitely reject any view that regards context as only the physical work 
conditions or the material environment. And the experiments fully revealed that 
workers work in contexts with various factors. 

 When mentioning the content and research method of context, Andrew Jamision 
( 2009 ) indicated that the context of engineering includes economic, social, and cul-
tural contexts, and Sylvain Lavelle ( 2009 ) pointed out that context may be studied 
from analytic, phenomenological, and pragmatic perspectives. The Hawthorne 
experiments do not mean that only humanity or morale is important while context is 
unimportant for practitioner’s activities. From the contextualist point of view, the 
Hawthorne experiments have two important theoretical implications:

    1.    Context includes various aspects, such as the physical, social, and cultural envi-
ronment. So the colorful and plentiful contents of context should not be 
simplifi ed.   

   2.    The Hawthorne experiments demonstrated that worker morale is affected by the 
cultural context. It is the special cultural context created in the experiments by 
Mayo that inspired the worker morale. Without the special cultural context cre-
ated in the experiments, the results would not have been obtained.    

  Mayo’s theory has been widely regarded as the foundation of human relations 
management. Strangely and even paradoxically, the two theories – the theory of 
human relations and the theory of human nature – amount to two different theoreti-
cal orientations. The latter focuses more on the properties of the subjects – espe-
cially the properties that are not easily affected by an external environment. The 
former focuses more on the correlation and interaction of different subjects, and on 
the properties and features of different subjects that are likely to be affected by an 
external environment and external relationships. Judging from this, human relations 
theory is imbued with a strong sense of contextualism. 

 While Mayo focused on workers’ actions, some other scholars focused on engi-
neers’ actions. The work of engineers is important and complicated in engineering 
action; the tasks of engineers complex and mixed. “The position of engineers, par-
tially as labor and partially as managers, prompted Herbert Shepart to call engineers 
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marginal men; part scientist and part businessman, sharing value and ideologies 
with both camps” (Beder  1998 , p. 25). 

 Shepart’s opinion is initially surprising. However, on refl ection, many people, 
even engineers themselves, may accept Shepart’s thesis. It is certain that the role of 
an engineer is different from that of a scientist. Engineers more often than scientists 
undertake diffi cult and contradictory tasks. Sometimes, if the demands of labor or 
scientifi c factors put great pressures on engineers, engineers will tend to be partial 
to one over the other. If the pressures of capital and business become stronger, engi-
neers will lean toward satisfying the needs of capital – although this does not always 
happen. These shifts in behavior do not imply that engineers have a kind of ethical 
disorder. They simply reveal the fact that engineers, whose positions and functions 
are quite different from those of workers and investors, are on the horns of a 
dilemma, which should be analyzed from a contextualist perspective.  

    Enterprise  Engineering Action   in the  Meso-   context   

 Generally speaking, engineering action involves collective action. In other words, it 
is carried out by a team, a group, or an organization rather than an isolated individ-
ual. In the contemporary world, an isolated individual, for example, an isolated 
manager, an isolated engineer, or an isolated investor, could by no means engage in 
actual engineering action. Especially, those who have the same profession or occu-
pation, such as workers or engineers, cannot by themselves initiate engineering 
action. Engineering teams or groups must be composed of different kinds of mem-
bers: engineers, workers, investors, managers, and other stakeholders. 

 Many scholars regard engineering activity as what engineers do. There is no 
doubt that this is to some extent true. But it is only part of the truth. The complete 
truth is that engineering activity consists of what engineering teams do, including 
what engineers do, what workers do, what investors do, what managers do, and 
especially, what the team as a whole does. If there are only engineers, without the 
participation of investors, workers and managers, such engineers could not take 
engineering action at all. In fact, engineers only engage in some part of engineering 
action. A complete and actual engineering action must be completed by an engineer-
ing team composed of engineers, workers, investors, and managers. Adopting the 
concept of social reality put forward by J. R. Searle ( 1995 ), we have every reason to 
believe that an enterprise is a particular type of social reality (Li Bocong  2009 ). 

 Engineering action is impossible without the activity of individuals, including 
workers, engineers, investors, and more. At the same time, engineering action is a 
collective action. The two points mentioned above are not contradictory because 
any human activity must, in the fi nal analysis, be carried out by individuals. If it is 
not the case, there will be no engineering action to speak of. However, without a 
team or a collective organization, for example in an enterprise, there would be no 
engineering action either. What is the bridge that connects one point with the other? 
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The answer lies in division of labor and cooperation, work in cooperation with an 
appropriate division of labor. 

 We must pay attention to the fact that when individuals do something in an engi-
neering team or an enterprise, usually, they cannot do it just on their own initiative 
or for their own sake but only for the sake of others. For instance, designers design 
for investors and users instead of for themselves and engineers and workers also do 
their duties for the sake of others. In an enterprise, workers and engineers cooperate 
with their partners. What they do must be suitable to what their partners do. For 
instance, the general manager of an enterprise signs an agreement on behalf of the 
enterprise, which means that people must differentiate an individual acting in some 
role within a team from that the same individual acting on his or her own. More 
importantly, people should not confuse an enterprise with some isolated individual 
or even with all its members. There is a distinction between an individual’s action 
and an enterprise’s action, which leads to a conclusion that when studying context 
of engineering action, we should study not only the contexts of individuals but also 
the contexts of enterprises. 

 When engineering action is taking place, the context in which an enterprise acts 
is different from the one in which an individual as a member of an enterprise acts. 
So there are two kinds of context which correspond with two kinds of action, an 
individual’s action and an enterprise’s action. How should we distinguish these two 
kinds of context? Are there still other kinds of context? 

 As some economists argue, an economy can be divided into three levels: the 
micro-economy, the meso-economy, and the macro-economy. Similarly, the con-
texts of engineering action can be divided into three kinds of context: the micro- 
context, the meso-context, and the macro-context. Generally speaking, the 
meso-level is at the place which is situated between micro- and the macro-levels. 
Usually, an individual acts in micro-context and an enterprise acts in 
meso-context. 

 Obviously, the meso-context is more complicated than a micro-context. When 
studying the meso-context in which an enterprise acts, scholars must pay attention 
to why and how technological, economic, institutional, cultural, and social environ-
ments infl uence the structure and function of an enterprise, and why and how meso- 
contexts play important roles in an enterprise’s decision-making and its engineering 
actions. Because an enterprise can keenly understand and experience meso- 
contextual infl uences which may profoundly affect its development, the enterprise 
must carefully and prudently take into account meso-contexts such as the regional 
economic situation, cultural traditions, institutional environments, and business 
prospects. 

 Silicon Valley in the United States is an attractive region for many enterprises, 
especially for those in the fi eld of information and electrical engineering. Many entre-
preneurs hope they can build their enterprises there. What makes Silicon Valley more 
attractive than some other regions is that it is blessed with special technological, eco-
nomic, cultural, and political contexts which are superior to other regions in their 
receptivity to and promotion of innovative activity. The gist of AnnaLee Saxenian’s 
 Regional Advantage: Culture and Competition in Silicon Valley and Route 128  ( 1994 ), 
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for instance, is to analyze and emphasize the importance of context for business and 
engineering development, especially the importance of  cultural context. 

 Nobody can deny the huge impact of some advantageous contexts on enterprises 
and engineering action. A good context can signifi cantly facilitate business and 
engineering development. By contrast, a context with all kinds of disadvantages 
will surely impede engineering development. Considering such situations, many 
countries and governments set up “industrial parks” with a view to create an enabling 
context in which enterprises can act and develop smoothly.  

     Engineering Action   in the  Macro-   context   

 Macroeconomics focuses on the structure, function, and trends in an economy as a 
whole. In the global era, macro refers to not only a national but necessarily as well 
to international contexts. A similar interpretation applied to macro in the fi elds of 
philosophy and sociology of engineering. 

 In different countries, different enterprises and different kinds of engineering 
act in different macro contexts. Now, consider railway engineering as an example. 
Many countries have constructed railway systems during the modernization pro-
cess. However, even three leading modernized countries – the UK, the US, and 
France – are quite different from each other in the railway development process, 
which cannot be attributed only to technical factors. The railway network in the 
UK developed initially at a fast pace but ran up against problems such as redun-
dancy of transportation capacity and low construction quality on some lines with 
resultant replacement construction. In the US, the construction of a railway net-
work was faster and on a larger scale. But during the great development of railway 
engineering in the US, some companies overestimated the rate of return of engi-
neering investment and went bankrupt. In addition, some railway lines in America 
were defective in design and construction. The characteristics of the construction 
of French railway network were that the government took the leading role in the 
railway network. The French railway system was constructed much slower, which 
helped prevent unnecessary needs for replacement construction, and established a 
railway system that in the end had reasonable design and high quality. Frank 
Dobbin’s  Forging Industrial Policy: The United States, Britain, and France in the 
Railway Age  ( 1994 ) carefully and thoroughly analyzed the marked and serious dif-
ferences in the railway construction in these three countries. He pointed out that 
the root cause lay in the vast differences of the three countries in industrial policy, 
economic policy, political condition, and cultural environment. To put it simply, it 
is the different macro context of the three countries that led to the different pro-
cesses of railway construction and resulted in different railway networks in the 
three countries. 

 Although many developing countries shared the same view that they must 
develop their own railway systems, railway construction processes in developing 
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countries too were based in different economic, political, and cultural environments. 
Among them, China seems to be a very special case. The initial railway  development 
in China might be the most diffi cult case in the world history of railway. After the 
fi rst railway line was constructed in the UK in 1825, the US, France, Germany, and 
Russia rapidly initiated their own national railway construction projects in 1830, 
1832, 1835, and 1837, respectively. While there was almost no resistance to con-
struction of railways in many countries, there was violent and stubborn resistance to 
building railways in the late Qing Dynasty. The resistance was so strong that many 
events in the history of railway in the late Qing Dynasty are unimaginable to later 
generations. In 1865, a British businessman built 1-1i-long railway line outside 
Xuanwu gate, Beijing, without authorization. But the roaring sound of the train trig-
gered a terrible shock to the common people. The railway was rapidly demolished 
by the government. In 1876, the Woosong Road Company, which was established 
by British and American businessmen, built a railway line which stretched for ten 
miles in Shanghai. However, the Chinese government bought it for 285,000 taels of 
silver and then demolished it. 

 In 1878, a 3-li-long railway line was exclusively built for the Empress Dowager 
Cixi along the bank of Beihai Lake in the Forbidden City after a negotiation 
between Li Hung-Chang and several British businessmen. The railway was 
designed to provide convenience for the Empress Dowager Cixi to have meals, take 
rest, and enjoy the scenery of the imperial garden in order to show the advantage 
of railway to the Empress Dowager Cixi. But because the Empress Dowager Cixi 
disliked the roaring sound of the locomotive, the exclusive line in the imperial 
garden was pulled by eunuchs with ropes instead of by a locomotive (Ji and Kang 
 2011 , pp. 8–15). 

 Objection to railway construction in China came from China’s traditional cul-
tural, political, and social conditions in the late Qing Dynasty. For instance, railway 
construction may lead to misfortune according to  fengshui  (geomancy). It should be 
underscored that the obstacles were not thrown mainly by some particular individu-
als but by the Chinese cultural and political tradition as a whole. Chinese offi cials 
engaged in fi erce debates over railway policy for some 20 years. Only after elimi-
nating many obstructions did the government in the late Qing Dynasty fi nally and 
offi cially began railway construction in China. Such was the macro context in which 
railway construction began to take place in China. 

 Time passes on like an arrow. At the end of the twentieth century, the macro 
context in China was strikingly different from that in China a hundred years 
earlier. The twenty-fi rst century witnesses the large-scale construction of high 
speed railways in China. Why does China stand at the forefront of the construc-
tion of high- speed railway in the world at the beginning of the twenty-fi rst cen-
tury? The main cause resides again in the macro context. Although high speed 
railway technology was mainly invented in developed countries, the construc-
tion of a high speed railway system in developed countries has fallen behind 
that of China. Why did this case take place? The answer lies in the different 
macro contexts.  
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    Conclusion 

 Context is an external factor in engineering activity from the perspective of philoso-
phy. When analyzing and studying context, we must pay attention to the different 
micro-, meso-, and macro-levels. In addition, we should attend to interactions 
among different aspects and between different levels. Different aspects and levels in 
context interact in complex ways. Contextualism in the fi eld of philosophy of engi-
neering can be considered an overall perspective that studies various issues of con-
text. Scholars should analyze engineering action, engineering practitioners, and the 
engineering communities including various sub-communities such as enterprises, 
engineering teams, and engineering institutions from a contextualist perspective. 

 We must admit that context is to a certain extent relative. However, such relativ-
ity does not necessarily mean that we can take context as an imaginary issue or an 
issue that can be neglected. There is no doubt that the issue of context cannot be 
eliminated. It is crucial for any particular individual and any particular research 
task. More importantly, as for a particular decision-maker or a particular enterprise, 
the boundary between text and context cannot be drawn arbitrarily. A decision 
maker or an enterprise must draw contextual boundaries correctly. 

 To sum up, context of engineering action, including the context of decision- 
making, of designing, of manufacturing, of maintenance, and of using products is 
not just an important theoretical issue, but also an important practical issue. To deci-
sion makers, to engineering practitioners, and to managers of an enterprise, there 
are many particular contextual problems they must analyze and treat in a practical 
manner all the time. To philosophers, to ethicists, to sociologists, to psychologists, 
and to management experts, there are many theoretically contextual problems in 
their fi elds to be analyzed and treated in theoretical ways.     
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     Chapter 22   
 Substantive and Procedural Contexts 
of Engineering Design 

             Sjoerd     D.     Zwart        and     Peter     Kroes      

    Abstract     Kroes and Van de Poel (Problematizing the notion of social context of 
technology. In S. H. Christensen, B. Delahousse, & M. Meganck (Eds.),  Engineering 
in context  (pp. 61–74). Aarhus: Academica, 2009) maintain that distinguishing 
between technology and its social (intentional) context is impossible, because social 
phenomena are defi nitive (constitutive) for technology. This raises the problem of 
differentiating between the social processes that are internal (defi nitive) and those 
that are external (contextual) to technology. To explore this problem we distinguish 
instead between the core and the context of design as object and as process, and we 
apply them to a case study of the design and development of a new technology for 
sewage water treatment to fi nd out whether these distinctions make sense in real life 
engineering practice. Despite the  in abstracto  plausibility of this distinction between 
core and context, our analysis reveals that its application may turn out to be very 
problematic in actual engineering practices. The same holds for characterizing par-
ticular design features as being the result of either internal (technological) or exter-
nal (social) factors.  

  Keywords     Product of design   •   Process of design   •   Social context   •   Substantive 
context   •   Procedural context  

        Introduction 

 In their analysis of the notion of social context of technology Peter Kroes and Ibo 
Van de Poel ( 2009 , p. 71) come to the conclusion that “independently of whether 
technology is interpreted as a process or a product … it is not possible to draw a 

        S.    D.     Zwart     
     Departments of Philosophy ,  Delft and Eindhoven Universities of Technology , 
  Jaffalaan 5 ,  Delft   2628BX ,  The Netherlands   
 e-mail: S.D.Zwart@tudelft.nl  

    P.     Kroes      
     Department of Philosophy ,  Delft University of Technology , 
  Jaffalaan 5 ,  Delft   2628BX ,  The Netherlands   
 e-mail: p.a.kroes@tudelft.nl  

mailto:S.D.Zwart@tudelft.nl
mailto:p.a.kroes@tudelft.nl


382

demarcation line with technology on the one side and its social context on the  other  . 
The reason is that the defi nition of technology as a process or a product involves 
reference to social phenomena. Social phenomena are conceptually defi nitive of 
technology (or, in ontological terms, constitutive of technology).” This means that 
“it is not possible to treat all social phenomena as belonging to the context of tech-
nology, since some social phenomena are defi nitive or constitutive of technology.” 
Regarding technology as process the authors interpret engineering (design)  prac-
tices   as social practices to show that social phenomena are more than just part of the 
context of technology, and regarding technology as product they refer to the dual 
nature of technical artifacts according to which intentional (social) features are con-
stitutive of technical artifacts. 

 In this chapter we intend to follow up on this analysis of how to distinguish 
(social) context from technology and to further problematize the distinction between 
technology and its social context. We focus on the notion of context with regard to 
engineering design practice. We identify and analyze  in abstracto  two different 
kinds of contexts, referred to as ‘ substantive’   and ‘ procedural’ contexts  . Both con-
texts appear to be operative in engineering design practice in the sense that they may 
infl uence the outcome of engineering design projects (section “ Substantive and 
Procedural Contexts of Design ”). To confront these abstract distinctions to real 
engineering design  practice  , we describe in detail an actual design and development 
project (section “ Example: GSBR Technology in Nereda Wastewater Treatment ”). 
Finally we examine whether the distinction between substantive and procedural 
contexts may be applied to this project and so may be of help in classifying factors 
that infl uence the outcome of a design and development process as technological 
(internal) vs. contextual (external)    (section “ Discussion ”).  

        Substantive and Procedural Contexts of Design 

 Engineering design may be considered as a   process    and as a   product   , viz., that 
which is developed during this process and fi nally is presented as its outcome (Kroes 
and Van de Poel  2009 ). To delineate these concepts more precisely we follow (Dorst 
and Overveld  2009 ). Engineering design as a process is a human activity in which 
plans are developed to create an artifact that helps the user attain certain of his/her 
goals and therefore has value for the future users. An engineering design project has 
many intended, non-intended, known, and unknown outcomes some of which are 
directly related to (the plans of) the prospective artifact. The (intermediary) artifact 
related outcomes of an engineering design project we will call the   object of design   . 
This object of design in its fi nal form consists of at least the following descriptions, 
viz., a description of the “artifact itself”, a description of the interface between this 
artifact and the outside world, and an outline of how and in which contexts the 
designer has imagined the artifact should be used. The latter has also been called the 
artifact’s “use plan” (Houkes et al.  2002    ). The description of the artifact itself should 
at least cover the  form  of the artifact, its  function  and its   working principle   . Our 
delineation of the object of design is still very general and allows many kinds of 
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descriptions, which may include blueprints, texts written in natural language, all 
kinds of mathematical, iconic and structural models, etc. Moreover it does not 
exclude the object of design to be a process (for instance, a service), in which case 
the emphasis of the artifact description is on a series of actions, which may or may 
not include reference to use plans depending on whether or not some actions imply 
the use of artifacts. 1  Here we do not focus on the distinction between object of 
design as object or process; whenever in the following we refer to the object of 
design as an object it is intended as shorthand for object or process. We will concen-
trate on the distinction between  design as a    process    and  design as a    product    (which, 
thus, may be either an object or a process). Note that our general delineation of the 
object of design does exclude the object of design to be the physically realized arti-
fact itself. Thus the object of design is not the specifi c building at its unique place as 
the solution of a design problem. It is the description of the building and of plans for 
how to build it. So the object of design is an abstract object. 

 Following the distinction between the object of design and the design process we 
may distinguish between the   substantive    and the   procedural    contexts of design. 
Roughly, the fi rst consists of all factors that infl uence the object of design and the 
second all factors that infl uence the process of design. Regarding the former, it is the 
context that plays a role in determining the design problem that is to be solved. Here 
we are dealing with contextual factors that have a direct infl uence on the object of 
design in the sense that these factors determine what kind of object is to be designed 
and the list of requirements or specifi cations it has to satisfy. The procedural con-
text, however, plays a role on the level of the design process and is the set of factors 
that determine the time frame and resources available for solving a design problem, 
which, of course, may indirectly infl uence the object of design. Clearly both con-
texts ‘shape’ the object of the design (and thus, a technical artifact that is an embodi-
ment of that design) that is proposed at the end of a design project. Before we turn 
to a more detailed discussion of the substantive and procedural contexts of engi-
neering design, it is necessary to delve somewhat deeper into the meaning of the 
notion ‘context’ that we are using. 

 Intuitively, the notion of context of something implies that it is possible to distin-
guish between what belongs to the ‘inside’ of that thing and what to its ‘outside’, its 
environment or context. However, how the distinction between what belongs to the 
inside and what to the outside is made, may depend heavily upon how the thing 
under consideration is conceptualized: “The notion of the context of something has 
a well-defi ned meaning only from a certain perspective, one which determines what 
kind of conceptualizations are adequate or useful and which ones not” (Kroes and 
Van de Poel  2009 ). With regard to design this means that the distinction between 
design and its context depends to a large extent on the conceptualization or  framing   
of what design is. 2  For instance, from the point of view of a project manager the 

1   Note that if the object of design is a process (such as a service) then a use plan may be associated 
with this process. 
2   Note that from this perspective the borderline between objects (or processes) and their contexts is 
merely a conceptual and not an ontological affair. 
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context of an engineering design project differs from the context of the ‘same project’ 
in the eyes of other stakeholders such as a corporate director, a design manager or a 
design engineer. For a corporate director the context of the design project may con-
sist mainly of balance sheets, for a project manager a potential new product line 
may be an important element from its context, for a design manager the patent posi-
tion of the fi rm and the search for new patents and for an engineer designer, fi nally, 
anything that is not technically relevant for solving the design problem at hand. 

 Besides differences in framing or viewpoint there are also differences in  reso-
lution   of a design project and its context (Hales  1993 , Chap. 1; Hales and Gooch 
 2004 , pp. 21–23). From the point of view of a manager of an engineering design 
project that project may be situated primarily within the context of his/her com-
pany or within the context of the company’s local or national market which in turn 
may be situated in the context of a global or international market. Which level of 
resolution is chosen in analyzing a design project and its context (macro- and 
micro- economical, corporate, project or even personal level) depends, of course, 
on the specifi c problem about the design project and its context that one is dealing 
with. 

 As have been argued by Bucciarelli ( 1994 ), even at a very detailed resolution 
level, individual design engineers frame their design often very differently, even 
if they collaborate in one design team. He refers to these framings or viewpoints 
as “ object worlds  ”. After years of cooperative observation in corporate multi-
disciplinary design teams,  Bucciarelli   draws the conclusion that the participating 
engineers see the object of design differently; they live in distinct object worlds. 
Engineers with different backgrounds such as mechanics, electrotechnics, fl uid 
dynamics, thermodynamics and biotechnology, live in their own object worlds, 
which are characterized by branch- specifi c instrumentation, standards, codes, and 
quantitative instrumental rationality. They tend to concentrate on the “hard stuff” 
of the design, free of any context in which people and societal values play a role, 
and are brought up to solve single- answer problems using quantitative methods. 
Bucciarelli’s ethnographical approach shows that today’s real-world engineering 
design practices are characterized by multi-disciplinary teamwork in which many 
negotiations between individuals from different object worlds are taking place. 
His ethnographic observations show that there is only partial mutual understand-
ing of the individuals having different conceptions of the object of design. Because 
there is not one single object of design and because of the negotiations between 
different design engineers,  Bucciarelli   concludes that today design is fi rst and 
foremost a social process. For our purposes the most important lesson to be drawn 
from Bucciarelli’s work is that even at a very fi ne-grained level of resolution dif-
ferences in perspective or framing of a design project or object and its context 
may play a crucial role. 

 In order to further clarify the role of various contexts in shaping technical arti-
facts (technology) we will now have a closer look at how contexts may be concep-
tualized in the case of design as a process and as an object. With regard to the object 
of design, the distinction between what belongs to its  context   and what belongs to 
 engineering design    proper    we will take to correspond roughly to the distinction 
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between the kinds of factors and considerations that play a role in fi xing the con-
straints and specifi cations and those that play a role in fi xing the physical structure 
of the future technical artifact (the design as a blue print for production). More in 
particular, we assume that design decisions that fi x this physical structure on the 
basis of factors and considerations of a technological or scientifi c nature are internal 
to the core of engineering design. Other factors and considerations, that infl uence 
design decisions, we take to be part of the context of the object of design. We have 
been referring to this context as the   substantive context    because it is the context that 
determines the substance of the design effort, namely what kind of technical artifact 
is going to be designed. 

 As far as design as a process is concerned, what belongs to the  design    process    
 proper  we take to be primarily those actions that have to be performed in order to 
bring about an adequate solution to the given design problem in a systematic or 
methodic way where ‘adequate’ means that a particular design solution meets the 
lists of specifi cations, irrespective of the means and resources available or employed 
to arrive at this design solution. 

 These kinds of actions and their order have been studied extensively by design 
methodologists. They have proposed numerous general fl ow diagrams that prescribe 
the various steps that have to be taken in order to solve a design problem in a 
methodically justifi ed way. We take the   procedural context    of the design process to 
be the factors that determine the conditions concerning available means, resources 
and time under which actions can be taken to solve the given design problem. All 
this is summarized in Table  22.1 .

   A fi rst comment to be made with regard to Table  22.1  is that the distinctions 
between object and process and between core and context for engineering design 
are not crisp or clear cut. This is important to keep in mind.  Prima facie  Table  22.1  
suggests that the infl uence of (social) factors from the procedural and substantive 
contexts on the object of design are not on a par, since only factors from the substan-
tive contexts defi ne the ‘essential’ features of the object of design, that is, the fea-
tures as defi ned by the list of specifi cations. Factors from the procedural context 
appear to have only a contingent infl uence on the object of design since its infl uence 
does not affect the set of features that is defi nitive for the object of design. Suppose 
that the same design brief is given to two design teams, that have different resources 

          Table 22.1    Substantive and procedural contexts of engineering design as product and as process   

 Design as a product  Design as a process 

  Core   Scientifi c and technological 
considerations that fi x the physical 
structure of the technical artifact to be 
(the design as a blue print for 
production) = ‘factors internal to 
engineering design proper’ 

 The kind of actions (and their order) 
as prescribed by the fl ow diagrams of 
design methodology 

  Context   The kinds of factors and considerations 
that play a role in fi xing the constraints/
specifi cations (substantive context) 

 The factors that determine the means, 
resources and time available for a 
design project (procedural context) 

22 Substantive and Procedural Contexts of Engineering Design



386

available or that have developed different design cultures. Due to these differences 
in resources or design cultures each design team may come up with a different 
design solution that satisfi es the list of specifi cations. In that case the infl uence of 
factors from the substantive context on the object of design is the same for both 
cases, but the infl uence of the procedural factors varies. 3  However, the situation 
becomes more complicated as soon as procedural factors make it necessary to adapt 
or revise the list of specifi cations (for instance, because it turns out not to be possi-
ble to meet certain specifi cations with the available resources). In such situations 
factors from the procedural context may have a direct infl uence on the object of 
design that no longer can be characterized as a contingent infl uence. In other words, 
whenever the list of specifi cations is adapted during the process (“on the fl y”) for 
reasons related to constraints put on the design process the above  prima facie  differ-
ence in infl uence of factors from the substantive and procedural context appears to 
break down, because the distinction and relation between object of design and pro-
cess of design becomes more complicated than suggested by Table  22.1 . As is often 
remarked, in real life design practices, feed-back loops that end up in revisions of 
the design specifi cations during the design process are more the rule than the excep-
tion. In so far these feed-back loops fi nd their origin in reasons related to process 
constraints they undermine the simple picture of the infl uence of substantive and 
procedural contextual factors of Table  22.1 . 

 A second comment on Table  22.1  concerns the ‘visibility’ or ‘traceability’ of 
social infl uences, whether stemming from the substantial or procedural context, on 
an object of design or technical artifact. Consider the following series of design 
tasks, ranging from designing a raw material, to designing components, up to 
designing an end-user product:

    1.    The design of some steel with properties X, Y, and Z.   
   2.    The design of a valve with that steel for an engine of a certain type   
   3.    The design of an engine for some type of car   
   4.    The design of a car.    

It seems that the closer we get to end-user products the easier it is to trace the social 
infl uences operative in shaping the technical artifacts and to determine their func-
tional features. When confronted with a specimen of steel with properties X, Y and 
Z it may be immediately clear that we are dealing with an artifact, something made 
purposely by humans, since we have never come across steel in nature. But it may 
be more diffi cult to trace the specifi c social infl uences that shaped this material into 
what it is and to determine its use-plan than in the case of an end-user product like 
a car. The steel has only physical micro- and macro-properties and does not, so to 
speak, carry a use plan with it. One might be tempted to say that a raw material, a 
component and an end-user product differ in the extent to which the artifact “carries 
with it its use plan”. Nevertheless we have to realize that all these designed objects 
have a particular intentional (social) history and it is this intentional history that 

3   Of course, the outcome of the two design projects may be such that after all one design is to be 
preferred above the other. But that is not the point at issue here; here the question is which contex-
tual factors have a defi nitive or contingent infl uence on the object of design. 
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makes them different from objects with the same physical properties but lacking 
this intentional history (for more details on the constitutive role of intentional fea-
tures for being a technical artifact, see Kroes  2012 ). 

 This difference in visibility or traceability of social features raises the question to 
what extent design engineers may bracket social infl uences and concentrate on the 
‘purely’ physical aspects of the technical artifacts they design. 

 Generally speaking it may be the case that the closer the artifact is to ready-made 
consumer goods the more diffi cult it is to bracket the impact of social factors from 
design practice. But much depends on how well all societal constraints on the object 
of design have been translated into functional requirements and in specifi cations 
that can be stated clearly in physical terms. Suppose that the properties X, Y and Z 
of the steel to be designed can be stated in purely physical terms, then the design 
engineers may forget about the functional requirements from which these properties 
were derived. Then the social (intentional) context of the new type of steel, its 
intended use, can easily be bracketed or cloaked (for a detailed discussion of cloak-
ing either social-intentional or physical aspects, see (Vermaas and Houkes  2006 )). 
This will be more diffi cult when the object of a design is, for instance, a car, since it 
will be much more diffi cult to express (or operationalize) all functional require-
ments of a car in purely physical terms. But even if in the case of steel the properties 
X, Y and Z may be expressed in clear physical terms, social factors may enter the 
scene, so to speak by the backdoor, because some of the chemicals used to meet the 
specifi cations for properties X, Y and Z may be poisonous, expensive, politically 
problematic or bad for the environment. 

 Here ends our analysis  in abstracto  of the role of substantive and procedural 
contexts in engineering design. Its main result is summarized in Table  22.1 . We 
have already noted that the distinction between the substantive and procedural con-
text may become blurred in case the defi nition of the object of design is changing 
during the design process. In the following section we will present a description of 
a real life research/design process in which a change in object of design actually 
took place. In the fi nal section we will then discuss whether our analysis of substan-
tive and procedural contexts may be of help in understanding the role of social fac-
tors in this particular example.  

     Example: GSBR Technology in Nereda Wastewater Treatment 

 Having introduced the notions of context and core for engineering design as product 
and process, we now turn to a real life example of an engineering design project 
from biotechnology. It concerns the introduction of a new and successful  wastewa-
ter treatment   technology. 4  

4   Much of the information contained in this section has been collected by one of the authors and 
colleagues during ethical parallel research on the design and development of this new waste water 
treatment technology during the period 2004 until 2006 (De Kreuk et al.  2010 ; Van de Poel and 
Zwart  2010 ; Zwart et al.  2006 ). 
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 On May 8, 2012 the world’s fi rst full-scale municipal wastewater treatment plant 
using Granular Sequencing Batch Reactor ( GSBR)   technology was put into opera-
tion in Epe, the Netherlands. Contrary to more traditional biological activated 
sludge wastewater treatments, this brand new technology treats domestic and indus-
trial wastewater using  aerobic    granular sludge   . In the Netherlands other Water 
Boards have ordered similar plants, which are under construction. The consultancy 
fi rm DHV, which has been the commercial driving force in scaling up the technol-
ogy from laboratory to full-scale, is building comparable plants in the Stellenbosch 
region, South Africa, and in Ryki in the southeastern part of Poland. It baptized the 
new technology   Nereda   . At the opening ceremony, Joop Atsma, the Dutch State 
Secretary for Infrastructure and the Environment, claimed: “The development of 
this technology stands as a perfect example of what can be achieved when the public 
sector, universities and the private sector come together to develop smart solutions.” 
(DHV  2012 ). 

 A drawback of traditional biological wastewater treatment plants is their large 
footprint in terms of space. In these plants water is purifi ed using bacteria fl ocks, the 
so-called activated sludge. The low average biomass concentration and the low set-
tling velocities force traditional plants to use large settling tanks. Besides these 
settling tanks, the plants need other tanks to accommodate the various steps for 
nitrogen, COD and phosphate removal, with large recycle fl ows and a high total 
hydraulic retention time. Moreover to process the surplus sludge from municipal 
wastewater plants it needs to be thickened and fi lter-pressed. In the newly developed 
aerobic  GSBR  , biomass grows in dense aerobic granules. This means increased 
biomass concentration in the reactor tanks and improved separation effi ciency. The 
time needed for the  sludge   to sink to the bottom at the end of each cycle is substan-
tially diminished, which increases the throughput of the installation. The new tech-
nology is based on a batch process in which the bacteria that treat the waste water 
pass through a cycle consisting of a phase of nutrition under anaerobic conditions 
and a phase of growth under aerobic conditions. This cycle has been chosen in order 
to promote the formation of stable granules by the slow-growing bacteria. 

 Apart from their improved settling characteristics, the aerobic granules can cope 
with nitrogen, COD and phosphate removal in one tank due to their unique layered 
structure. Because of diffusion gradients inside the granules, the various process 
conditions usually found in different tanks are now satisfi ed inside the granular 
sludge – the  plant-in-the-granule   concept. The technology uses effectively only one 
tank without the need for large recycle fl ows. Theoretically these granules can reach 
high removal rates, namely 100 % organic carbon removal, 90–95 % of phosphate 
removal and 90–95 % of total nitrogen removal with 100 % ammonium removal 
(De Bruin et al.  2005 ; De Kreuk et al.  2005 ). Feasibility and design studies showed 
that the required land area of traditional waste water treatment plants can be reduced 
by 80 % and the energy needed can be decreased more than 30 % because of a 
decrease in construction material and energy needed during building and operation 
(De Bruin et al.  2004 ). 

 Before we delve deeper into the history of this technology, let us present a brief 
overview of the main parties that have been involved in the design and development 
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of Nereda. The GSBR technology has been developed by Mark van Loosdrecht and 
his colleagues at the Department of Biotechnology (Kluyver Lab.), Delft University 
of Technology, the Netherlands. After successful laboratory experiments, Van 
Loosdrecht, approached various governmental and private organizations to gather 
funds for the further development of the technology. STOWA, the Foundation for 
Applied Water Research in the Netherlands, proved willing to invest in the scaling-
 up of the three litres laboratory reactor to an outdoor pilot plant of 1.5 m 3 . STOWA 
is an organization of the water boards, the local authorities responsible for sewage 
treatment in the Netherlands. STOWA fi nances research on new treatment technolo-
gies. Van Loosdrecht also acquired funds from STW, a governmental agency stimu-
lating and promoting innovative academic research, for a Ph.D. research project that 
was carried out in parallel to the pilot plant research. Finally, DHV, an international 
engineering and consulting fi rm, with water management technology as one its 
main domains, showed interest in the commercial exploration of the GSBR technol-
ogy. DHV was in charge of the research at the pilot plant. 

 The history of research on GSBR technology goes back at least to research on 
anaerobic sludge for waste water treatment during the 1970s. Anaerobic Granular 
Sludge was known to be formed in Upfl ow Anaerobic Sludge Blanket (UASB) reac-
tors used to produce methane while treating wastewater using an anaerobic process. 
A blanket of granular sludge was formed which starts to reach maturity after 3 
months and suspends in the tank. This blanket contains dense compact granules 
with a particle size larger than 0.75 mm. Lettinga from Wageningen University in 
The Netherlands is well known for his late 70s work on UASB reactors. Expanded 
granular sludge bed (EGSB) digesters are waste water treatment systems similar to 
the UASB reactors. At the start of the 1990s  aerobic  sludge research was given a 
boost by the hypothesis of Mishima and Nakamura claiming that also aerobic fi la-
mentous bacteria could mutually entangle into aerobic granules. It turned out that 
aerobic granules could be formed but the explanation of the process remained con-
troversial. For anaerobic granules it was suggested that bacteria stick together into 
granulates because of mutual exchange of indispensable nutrients. Aerobic bacteria 
are autotrophic and perfectly capable to live on their own. So why would they 
agglutinate into granules? At the end of the 1990s researchers started to theorize 
about the answer to the latter question (we will return to the issue of aerobic granu-
lation below). At the same time researchers started setting up the fi rst lab-scale aero-
bic granules experiments (Morgenroth et al.  1997 ; Beun et al.  1999 ; Dangcong et al. 
 1999 ; Etterer and Wilderer  2001 ), and from the start of the twentieth century interest 
in aerobic granule research increased and pilot scale studies started to be carried 
out. The history of the GSBR technology and of Nereda is to be placed against the 
background of this scientifi c and engineering interest in aerobic granular sludge in 
waste water treatment. 

 Van Loosdrecht and his colleague Sef Heijnen became interested in what later 
became the GSBR technology after a 1996 visit to colleagues in Munich who were 
working on Sequential Batch Reactors (SBR). They thought about how they might 
combine their own experiences with airlift reactors with SBR’s. SBR’s are process-
ing tanks for a fi ve stage treatment of batches of wastewater. They were not primarily 
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directed towards the production of granular sludge. However, SBR’s were suitable 
to make smooth rounded particles so perhaps they could be used to create aerobic 
granular sludge in a SBR. 

 After their Munich visit two issues became prominent on the research agenda of 
Van Loosdrecht and his colleagues, one of a scientifi c, the other of an applied nature. 
The scientifi c issue concerned the biological explanation of the development of 
granular sludge. Anaerobic granulation was biologically explained: anaerobic bac-
teria stick together because of their mutual exchange of indispensable nutrients. But 
aerobic and autotrophic bacteria were also shown to granulate. How can this be 
explained biologically as they are perfectly capable of living on their own? 
According to Van Loosdrecht the formation of aerobic granules undermined the 
biological collaboration theory of granulation for anaerobic granulation; at least it 
could not provide a general explanation of granulation. Another explanation attempt, 
which focused on the extracellular matrix of proteins in the granules, could be used 
to explain granulation for the aerobic and anaerobic case. But according to van 
Loosdrecht this matrix is indeed important for the structure of the granules but not 
for the granulation process. Van Loosdrecht wanted to show that even the fastest 
growing (aerobic) organisms could granulate and that mechanical  shear forces   in a 
reactor are decisive for granulation. For this reason, he set up a research project 
(performed by Beun, and fi nanced by NWO) with the aim of comparing granular 
formation in an  airlift   and a bubble  column   in which the shear forces are different. 
The outcome showed that fast growing organisms granulated in an airlift but resisted 
granulation in a bubble column. So, this research showed a clear infl uence of shear 
on growth rate of the organisms: the lower the growth rate gets, the less shear is 
needed to produce granules. Moreover it showed on a laboratory scale the possibil-
ity of an aerobic granular sludge airlift reactor. 

 The second, application-oriented issue concerned the structure of the granules of 
the sludge. People were producing aerobic sludge with autotrophic nitrifying gran-
ules but they did not succeed in producing aerobic granules with an anaerobic core 
of heterotrophic bacteria. Van Loosdrecht and his colleagues wanted to develop 
granules with a layered structure, with an aerobic outside layer where nitrifi cation 
could take place and an anaerobic zone in the center taking care for the denitrifi ca-
tion by heterotrophic organisms. With the help of such granules it would be possible 
to combine two stages in traditional waste water treatment. 

 After the possibility of an aerobic granular sludge airlift reactor had been dem-
onstrated in the laboratory, Kreuk carried out another research project that aimed at 
scaling-up the aerobic granular sludge technology from the laboratory acetate set-
 up to pilot plant scale using real waste water (in the period 2000–2004). It was 
funded by STOWA and STW. In fact, work on scaling-up issues had already begun 
earlier, when the laboratory work of Beun was still on its way. Van Loosdrecht 
approached several engineering fi rms as a result of which a major engineering fi rm 
in the Netherlands, DHV, became involved in the scaling-up research. An applica-
tion for a STOWA grant was written in the second half of 1998. STOWA combined 
the Delft aerobic GSBR proposal and another proposal stemming from the 
University of Wageningen into a compact reactor innovational research incentives 
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scheme. Doing so, they allowed DHV to carry out a more precise and specifi c tentative 
feasibility study. By changing the technology somewhat and calculating the costs, 
DHV managed to put the technology in a fi nancially more attractive perspective. 
Accordingly, the engineers were allowed to pursue the project and thus the GSBR 
connection between DHV and the Kluijver Laboratory came about. Because 
STOWA and DHV were both most interested in household sewage water treatment, 
the latter became the main focus of the aerobic GSBR project. This focus was not 
fi xed at the outset. 

 In 2002 the STOWA compact reactor scheme came to an end and was fi nalized 
with a full-blown feasibility study for a real scale aerobic GSBR household sewage 
plant. The study was positive about the real scale possibilities of the new technol-
ogy. For this reason STOWA wanted to proceed with the development on pilot scale 
and provided DHV with fi nancial means to do so. The pilot started in 2003 in Ede. 
STW was not involved in fi nancing the pilot, which was too practical for their stan-
dards, but they did fi nance the research of Kreuk, the Kluyver Lab participant in the 
project who was dealing with practical and theoretical up-scaling questions on a 
daily basis. 

 As was more or less its standard practice, STOWA installed a  Supervisory 
Committee (SC)   to monitor the progress of the project. Its members were represen-
tatives from STOWA, STW, the Kluyver Lab, HDV, the water boards as being 
potential users of the GSBR technology, and members of other engineering fi rms. 
The SC was to act as a forum where actors from the network, and some stakeholders 
from outside the network, could meet to have discussions and make relevant research 
decisions. The committee did not have a formal decision-making procedure in 
place, but it infl uenced research and development decisions by providing a forum 
for negotiations between the actors. All in all, the SC had three functions. First, it 
was to control the quality of the research and the progress of the project. Second, it 
provided oversight so that, besides the scientifi c knowledge acquired, the practical 
and applied knowledge was also published in a clear and explicit way. Third, the SC 
was to function as a critical sounding board. 

 One of the issues discussed in the SC concerns the problem of the production of 
 granules   in the GSB pilot reactor. The engineers/scientists had produced granules in 
the Kluyver Lab on small scale (3-liter reactors), at room temperature using acetate 
and not real sewage water, and using an airlift reactor. At the pilot circumstances 
were very different. Besides the difference in volume, the working temperatures 
were signifi cantly lower and the substrate was real sewage wastewater instead of 
acetate. As a result of these different circumstances the granules in the pilot were 
showing up very slowly. Moreover, the people involved in the scaling-up project 
tended to talk in terms of granules but these were of such small dimensions that the 
external specialists only saw fl occulated sludge. This question became an important 
issue at the end of 2003 when the Sludge Volume Index ( SVI  ; the sludge volume 
index is an important measure of sludge settleability and thus for granule formation) 
were diffi cult to measure because of sludge fl otation (STOWA report of januari 8, 
2004). This fl otation was not a sign of fi rm granules. The lagging behind of the 
granulation process provoked serious discussions about changing the criteria and 
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specifi cations of the GSBR technology. DHV and the scientists were asked to provide 
a new version of these criteria. Among other specifi cations the fi rst proposed ver-
sion regarding granulation stated: “stable and signifi cant lower SVI” than measured 
before (SC minutes, Jan 15, 2004). Of course, the researchers did not want to put 
themselves in a straightjacket during the process. The SC was not satisfi ed, how-
ever, and they started a discussion about the defi nition of the granules. This discus-
sion resulted in go/no criteria which only concerned granulation. The criteria 
decided upon at the SC of May 18, 2004 read:

    1.    The fraction of dry matter should be at least 15 kg/m 3    
   2.    The SVI after 5 min should be around 50 ml/g   
   3.    Half of the substance sludge/granules should consist of granules with minimal 

diameter of 200 μm (SC minutes May 18, 2004)    

Although the lower limit of the granules seems to be modest relative to the granules 
produced in the laboratory, the go/no go episode and its defi nition of granulation 
clearly illustrate that the SC took its role seriously. 

 Actual work on the pilot installation started in 2002 and ended in 2005. In 2002 
the pilot set-up in Ede started with one  airlift   and one  bubble column reactor   to 
compare their performances. In June 2003, however, the set-up of the airlift reactor 
was transformed into a second bubble reactor and today’s full-scale technology is 
based on bubble column and not on air-lift reactors. Thus, the decision to change the 
core of the technology into bubble column reactors has had a decisive infl uence on 
the fi nal design of the waste water treatment installation. Interestingly, the choice 
between the two types of reactors is closely related to at least four different issues 
or factors, viz., the scientifi c experiments about the role of shear forces in granular 
growth; the working principle of the granulation; considerations of fi nancial and 
energetic costs, and fi nally the network-of-actors involved in the collaboration. 

 Let us fi rst have a closer look at the difference between a bubble  column   and an 
 airlift reactor  . A bubble column reactor is just a container in which air is pumped in 
from the bottom. An air-lift reactor is a bubble column reactor with an additional 
(internal or external) feedback loop for the liquid. The air bubbles force the liquid 
to rise from the air inlet at the bottom of the reactor and to go down in the feed-back 
loop where no air bubbles forces it to rise. The feedback loop ends again at the air 
inlet. Obviously, an airlift column is more diffi cult to build but has better circulation 
and oxygen transfer characteristics. Moreover it provides higher and more equally 
distributed shear forces between the granules and the substrate in the reactor. At fi rst 
sight, the design decision between the two working principles depends primarily on 
the balance of the extra costs of an airlift reactor against the advantages of better 
oxygen and shear-force characteristics. A somewhat closer look, however, reveals 
interesting interdependencies regarding the four issues mentioned above. 

 We have already come across the issue of the role of shear forces on granular 
growth. Van Loosdrecht initiated research into this issue because he had serious 
doubts about the prevailing explanation of anaerobic granular growth. Experiments 
performed at the Kluyver Laboratory showed that shear forces in airlift reactors 
were high enough to impede fast growing aerobic bacteria to grow in fl ocks and to 
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stimulate the growth of granules. Since they stimulate granules production, and 
shear forces in an airlift column are higher than in a bubble column reactor, scien-
tifi cally airlift reactors are preferred to bubble columns for granulation. However, 
the issue of the infl uence of shear forces on granular growth rate did not in the end 
decide the choice between and airlift or bubble column reactor. 

 Another issue of paramount importance was the  oxygen concentration   in the 
reactor. Most successful experiments with aerobic granules at the start of the twenty- 
fi rst century operated under relatively high oxygen concentration and constant aera-
tion. For nitrogen removal, more specifi cally for denitrifi cation, and for lower 
energy costs during operation low oxygen concentration was necessary but these 
low concentrations rendered the granules unstable (Mosquera-Corral et al.  2005 ). 
Earlier experiences with biofi lms had shown that slowly growing organisms had a 
stabilizing effect on biofi lms. Consequently, Kreuk and Van Loosdrecht argued that 
for the full-scale reactor to work under low oxygen concentrations the total organ-
ism growth rate should be decreased during one cycle. They lowered the growth rate 
by ingeniously letting the “feast phase”, where growth is on an external substrate 
(nutrients), be preceded by a “famine phase”, where the organisms feed on nutrients 
that are internally stored. The introduction of the famine phase in the bubble reactor 
was successful. Kreuk showed granulation to occur in bubble columns if the phase 
of aerobic growth started with a famine phase, that is, a period of anaerobic feeding. 
Still the airlift reactor outperformed the bubble column since the fi rst produces 
granules already after 5 days whereas with the latter it took a month before granules 
occurred. As the  famine-feast regime  , which became one of the operating principles 
of the fi nal design, selected organisms with a lower growing rate, the infl uence of 
the  shear-growth-rate principle   established by the research of Beun implied that the 
shear was an important ingredient for granulation in aerobic systems. 

 In spite of these laboratory results, an airlift and a bubble column reactor were 
put in parallel to compare their performances at the pilot plant in Ede. Apparently 
the researchers and scaling-up engineers did not know how these laboratory results 
would translate to pilot-scale conditions. In the pilot set-up with two reactors of 6 m 
high and 0.6 m diameter granule growth turned out to be very disappointing. 
Moreover the SVI measurements of the airlift and bubble column were comparable 
although those of the fi rst were somewhat better than those of the latter. These out-
comes made the SC decide to transform the airlift reactor into a second bubble 
column and to concentrate on granule formation. This decision was decisive for the 
fi nal Nereda aerobic  GSBR design  . 

 Finally, according to Van der Roest, the project manager at the engineering fi rm 
DHV, the decision to opt for the bubble column reactor was made by DHV and 
DHV had to convince Van Loosdrecht to abandon the airlift reactor, who did so only 
reluctantly. From the point of view of Van der Roest, if it had not been for DHV to 
abandon the airlift reactor the aerobic GSBRs would never have come to the com-
mercial market. According to Van der Roest, he had to challenge the scientists to 
adapt the process for practical purposes. He had to make the scientists aware that on 
real scale the oxygen concentration would be lower than in the laboratory because 
of restrictions on pump capacity. From the perspective of the Kluyver Lab it was 
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evident that bubble column reactors were less complicated and thus less expensive 
than airlift reactors. DHV calculations clearly showed the extra costs of airlift tech-
nology. However, in the eyes of the scientists DHV had not gone far enough in 
technologically optimizing the standard airlift construction and to adapt it to the 
new GSBR technology. The extra start-up costs could have been reduced. The cru-
cial question, however, would remain whether these extra costs balanced the savings 
in operational costs regarding energy and after treatment. This was almost impos-
sible to predict especially if one realizes that the after treatment is  ve  ry expensive.  

     Discussion 

 In this fi nal section we will use the GSBR example as a test bed for our interpreta-
tions of the notion of context of design as process and as object. Before we apply 
our conceptual framework to this case, we have to take into consideration the spe-
cifi c nature of the Nereda project. The Nereda technology is an example of what 
Vincenti ( 1990 ) calls   radical design   : it is a design based on a new working principle 
and its development was strongly research driven. In that respect it is different from 
normal design, which is involved in run of the mill (industrial) design projects in 
which (minor) variations on existing designs are developed and in which research 
plays only a minor role. We expect that if our conceptual framework is of help in 
understanding the bearing of contextual factors on the object of radical design, as in 
the Nereda case, then it may also be fruitfully applied to cases of normal design. 
This expectation is based on the fact that the pivotal distinction of our conceptual 
framework, namely between  process of design   and  object of design  , forms the basis 
of almost all schematic diagrams of the design processes developed and employed 
by engineers, and the fact that these diagrams are primarily intended to cover cases 
of normal design. But, of course, this expectation would have to be borne out by 
further research. 

 In line with the characterization of Nereda as an example of radical design, the 
case study strongly suggests a differentiation between at least  two  kinds of objects 
that scientists and engineers were working on. In the fi rst place, there is the sewage 
water treatment plant as object of  design   in the sense of section “ Substantive and 
Procedural Contexts of Design ”. There we characterized the object of design as 
descriptions in terms of blueprints, texts or all kinds of models of at least (1) the 
artifact itself, i.e., its structure, its function and its working principle, (2) its inter-
face with the outside world, and (3) its ‘use plan’. We will refer to (1–3) as the  fi nal 
design  of an artifact. Besides this object of the treatment plant design, there is also 
an  object of    research   , namely the working principle on which to base the sewage 
water treatment plant. In the course of the development of Nereda both objects 
played an important role. 

 Let us fi rst have a look at the object of design in the Nereda case. In hindsight, 
the object of  design   is the fi nal design that was implemented in the fi rst full-scale 
operating plant using GSBR technology. This ‘backward’  looking   determination of 
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the relevant object in the Nereda case is, however, rather one-sided. It is not a char-
acterization of the object of design that may fruitfully be applied to the early stages 
of the development of this technology. In view of the fact that these early stages 
were strongly research driven, it might be more appropriate to introduce the second 
object of the Nereda development mentioned above, viz. the object of research dur-
ing the early stages, which gradually was transformed, co-elaborated or accompa-
nied by the object of design. 

 How are we to distinguish more precisely between the object of design and the 
object of research in the Nereda case? We are primarily interested in characteriza-
tions of these objects that are valid from a ‘forward’  looking   perspective, which 
means that they may function as goals driving the development of Nereda (where 
different stakeholders may have had different interpretations of these goals). One of 
these goals is the production of aerobic granules with aerobic organisms at the out-
side and anaerobic organisms in the core, using a batch process which might be used 
to purify wastewater in one reactor; we will refer this goal as the  GSBR-   working 
principle   . Purifying here means oxidation of organic matter and ammonium, nitrate 
reduction, and biological or chemical phosphate removal etc. Another one is the 
engineering-scientists’ goal of the proof of concept of the  GSBR  -working principle, 
the feasibility of which was proven in the laboratory. Finally, there was the practical 
goal of the engineering fi rms and water boards who wanted reliable, effective and 
economic – less energy and land use – wastewater treatment plants based on the 
GSBR-working principle. This difference in goals made STW subsidize the Ph.D. 
proof of concept research in the laboratory and STOWA fi nance parts of the pilot- 
plant research. In the following we take the object of research in the Nereda case to 
be the proof of concept of the  GSBR  -working principle, and the object of  design   to 
be the fi nal design for reliable and effective sewage water treatments plants based 
on the GSBR-working principle. 

 Interestingly, the notion of the object of research still leaves open whether to use 
an airlift or a bubble column reactor in the object of design. The GSBR-working 
principle as the core of the object of research fi xes a number of important design 
characteristics and parameters (for instance, use of aerobic granules and one reactor 
tank). Defi ned in this way, the core of the object of research may be taken to con-
strain the ‘ technological space  ’ within which the object of design has to be 
 developed. This research object determines the GSBR-technology but not the fi nal 
design (blueprints) of a Nereda plant. Within the technological space defi ned by the 
working principle a design based on airlift and bubble column reactors are still pos-
sible. This, however, does not preclude that further scientifi c and technological con-
siderations may decide the choice for one of these types of reactor in the fi nal design 
(building plans). 

 Given our analysis of design as object and design as process in section 
“ Substantive and Procedural Contexts of Design ” and our interpretation of the 
object of research and the object of design, how can we fi ll in Table  22.1  for the 
Nereda case? As always, real life turns out to be much more complicated than our 
abstractions of it. Our case description clearly illustrates the diffi culties of projecting 
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our abstract concepts onto this real life engineering design case. Nevertheless, we 
will make an attempt. 

 Let us focus fi rst on the kind of factors that played a role in the substantive  con-
text   of the fi nal design of Nereda. One of the main ingredients of the substantive 
context is the decision to develop and use the GBRS technology. This decision, 
which was taken by the various parties involved in the Nereda project, was made in 
a network of collaboration, without centralized power relations, between scientists, 
engineering fi rms, users and subsidizing partners. The reasons to opt for the GBRS 
technology, and thus to constrain the object of design to this technology, are directly 
related to the proof of concept and the possibility created by GSBR technology to 
reach the practical goal of a sewage water treatment facility that was smaller, less 
energy consuming and at least as effective and reliable as traditional treatment 
plants. Within the network of collaboration the SC played a key role in the com-
munication between the various parties. As the design project was on the way, nego-
tiations between these different stakeholders in the SC led to various modifi cations 
in the object of design. The SC added new criteria and modifi ed existing specifi ca-
tions. The setting of the go/no go criteria serves as a paradigmatic example of fi xing 
the constraints or specifi cations of the object of design. All decisions and develop-
ments regarding design criteria belong to what we have called the substantive con-
text of the design object, including the decision to try to implement the GSBR-working 
principle for waste water treatment. The fact that laboratory experiments had shown 
the feasibility of the working principle (the object of research) did not by itself 
imply that a design project should be set up. 

 Now let us turn to the object of  design  , it is the fi nal design of a Nereda plant. 
What features of this design may be considered to be determined by engineering 
design proper and therefore belong to the core of design as product, or to engineer-
ing design proper? In our opinion, these are all design features that may be fi xed on 
the basis of scientifi c and technological considerations given the constraint of using 
the GSBR technology and of coming with an effective and effi cient fi nal design for 
a sewage water treatment plant. 

 It should be noted that the distinction between the  object of design   and its  sub-
stantive context   is more intricate than suggested above. Take the decision to use a 
bubble column reactor and not an airlift reactor. This has been an important decision 
for the fi nal design. Is this decision to be interpreted as a contextual factor, a factor 
that infl uenced the design of the GSBR technology from the ‘outside’, or as a deci-
sion that was taken from ‘within’, that is, within the technological space and that 
was based on technological considerations. Van Loosdrecht’s opposition to this 
decision may be interpreted as fi nding its origin in his idea that there were convinc-
ing internal scientifi c or technological reasons to opt for the airlift reactor, and con-
sequently from his perspective the decision to use the bubble column reactor was 
forced by reasons originating in the (substantive) context of the object of design. 
According to Van der Roest (DHV), however, the design decision was based on 
practical purposes; in his opinion a design based on an airlift reactor would never 
have reached the commercial market. At fi rst sight, these market considerations may 
be considered to be of a contextual nature but that remains to be seen. The whole 
GSBR project was intended to be a practical alternative for traditional technologies 
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used to treat waste water and from that perspective all constraints that derive from 
this goal of being a practical alternative are defi nitive of the object of design, also 
the constraints derivable from market considerations. Van der Roest might, there-
fore, argue that given all constraints on the object of design the bubble column was 
the only scientifi c or technologically feasible option. From that perspective the deci-
sion to go for this type of reactor becomes a decision from within the technological 
space. Consequently, to interpret the bubble column reactor decision as a contextual 
or a scientifi c/technological design decision depends heavily on how the object of 
design is conceived, that is, which factors are taken to be relevant for, or go into the 
defi nition of the design object/problem. 

 Let us turn to the process of the Nereda  design   and fi rst ask ourselves: What is 
the core of this process, that is, what are the main actions and considerations that 
were believed to bring about an adequate solution to this design problem? The core 
of the Nereda design process, as far as its substantive content is concerned, has been 
the  scaling-up strategy   from laboratory scale, via pilot plant scale to full-scale sys-
tems development. It was believed that if the proof of concept of the GSBR-working 
principle in the laboratory succeeded, the concept could successfully be scaled up 
to full-scale and ensuing actions were undertaken. Depending on the specifi city of 
the working-principle formulation, we may claim that in the course of the up- scaling 
the working principle changed somewhat from airlift to bubble column reactor. 
However, this substantive content is not to be confused with the core of the design 
process as defi ned in section “ Substantive and Procedural Contexts of Design ”. 
There this core was defi ned as the kind of actions (and their order) as prescribed by 
the fl ow diagrams of design methodology. This notion of core of the design process 
may be applicable to cases of  normal design   but seems hardly applicable to this case 
of  radical design   in which research and design activities are so closely intertwined. 
Nevertheless, some remarks about the procedural context of the Nereda design  pro-
cess   may be made. All decisions about the means and resources to solve the research 
and design problems belong to this context. Clearly, everything that had to do with 
fund raising and fi nding interested commercial partners to develop the laboratory 
technology to full scale is part of the procedural  context  . In addition, decisions by 
the main scientists to devote research capacity in the laboratory and at the pilot plant 
to carry out feasibility and scaling-up research belongs to the procedural context. 
Also the installment of the SC belongs to this category. 

 Although the distinction between design process core and context is diffi cult to 
make, the following shows that it does play a role in design  practices  . Design engi-
neers and methodologists have written numerous books and articles that discuss 
various fl ow diagrams about how to structure design projects such that design prob-
lems may be solved in a systematic way. The basic idea behind these fl ow diagrams 
is that there are good and bad ways to try to solve a design problem. These fl ow 
diagrams may be considered to describe the core of design as a process. Whether or 
not there actually is such a core (or only one core/design method, or several) is a 
matter of controversy. Nevertheless, most design engineers would probably sub-
scribe to the following remarks by Hales ( 1993 , p. 17):

  One of the most frustrating things about being a design engineer or design manager is the 
way projects are manipulated by those who have very little to do with the design process 
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itself. One minute everything is extremely urgent and the next minute the project is no 
longer required or the money has run out. More and more infl uences affect the course of 
design projects. 

 Hales’ remark clearly suggests that many infl uences on the design process are 
experienced as coming from outside the world of design and “have little to do with 
the design process itself”. So, somehow a distinction may be made between what 
legitimately belongs to the inside or core of a design process and what to its outside 
or what we have called its procedural context, even if it is in fact very diffi cult to 
spell out the specifi c details of this core. Some of the frustrations referred to in the 
Hales quote can be found in the words of van der Roest when he claims: “The fi rst 
Nereda purifi cation plants could have been up and running years ago if a guarantee 
fund had been available” (Wassink  2011 ). It may at least be safely concluded that 
often considerations of the funding of design processes belong primarily to its pro-
cedural context. 

 It may be rather problematic to become more specifi c about core and context 
regarding the daily developments in the Nereda case because the whole process did 
not start with a design brief or an assignment of some client. Undoubtedly in the 
fi nal stages of the development of the full-scale plant, there will have been some 
process that started with a design brief and for which some kind of method for solv-
ing that design problem was used. But whether our distinction between the core of 
design as a process and its procedural context can be fruitfully applied to this design 
project remains an open issue. 

 Let us briefl y summarize our main results. Kroes and Van de Poel ( 2009 ) have 
argued that it is not possible to make a neat distinction in general between technol-
ogy on the one hand and its social (intentional) context on the other since some 
social phenomena are defi nitive (constitutive) for technology. This leaves open the 
question whether it is possible to delineate those social processes that are internal 
(defi nitive) or external (contextual) to technology. In order to explore this problem 
we have introduced a distinction between core and context of design as object and 
as process. To see whether these abstract distinctions make sense in real life engi-
neering practice we have tried to apply our distinctions to the case of the design and 
development of a new kind of sewage water treatment technology. Our analysis 
makes clear that while  in abstracto  a distinction between core and context of design 
as object and process may seem plausible, it may be very problematic to apply this 
distinction to actual engineering practice and to characterize a particular design 
feature as the result of internal (technological) or external (social) factors.     
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    Chapter 23   
 The De-contextualising of Engineering: 
A Myth or a Misunderstanding 

             William     Grimson      

    Abstract     Engineers impact on how people live, where they live, and the physical 
environment in which they live. The interaction between society and engineering 
has a long history but it remains both complex and problematic. Complex because 
of the many factors involved including the political and economic dimensions. 
Problematic because it is not always clear how individuals, groups of individuals or 
society at large negotiate with engineers to ensure the right ‘product’ is created. One 
of the ways engineering deals with the problem is through context – the set of 
 circumstances in both the foreground and background of any project. Understanding 
what counts as valid context and then formulating appropriate responses is some-
thing that is encountered to varying degrees fi rst in educational programs and then 
through multiple processes as engineering is practiced. Some of these processes 
have legislative force and others are established as best practice. Ethics as the basis 
of making sound decisions is directly related to how contexts once understood result 
in appropriate action. And in that sense engineers refl ect the norms of the society in 
which they work.  

  Keywords     Context   •   Context awareness   •   Context sensitivity  

        Introduction 

   Do the right thing. It will gratify some people and astonish the rest. (Mark Twain) 

 To do the ‘right thing’ one must understand and be responsive to the context 
 surrounding whatever enterprise is being undertaken. But it is neither easy to under-
stand fully what constitutes a context that is relevant to a particular situation nor is 
it always obvious how to take that context adequately into account. Like any other 
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practical profession, such as medicine, engineering is continually faced with the 
challenge of addressing  context  . It is not unreasonable to say that the majority of 
engineers aim to meet the twin objectives of ‘doing the right thing’ and ‘doing it 
right’. In the latter case, ‘doing it right’, the challenge is essentially a technical one 
of working within a set of constraints be they legal, fi nancial or of a scientifi c and 
technological nature. In the former case, ‘doing the right thing’, is in many respects 
more complex and often contentious. One only need mention a few examples to 
demonstrate this last point. Nuclear power stations have had an uneven history as 
regards their public acceptability; wind farms with numerous tall turbines, despite 
following a green or sustainability agenda, are not always welcomed in a rural com-
munity; fracking by which shale gas is retrieved is a current hotly contested matter 
in many countries; devices and equipment for military purposes such as cluster 
bombs and anti-personnel mines face ethical questions. All of these examples and 
more raise the issue of whether the ‘right thing’ is being created or produced. As a 
counter another list of ‘things’ that have high public acceptance with little or noth-
ing in the way of controversy could include: medical devices; rehabilitation engi-
neering; restoring vision or hearing; low-energy or green buildings; improved 
access to clean water and better sanitation; safer transport systems. These and many 
more would support but not necessarily prove the proposition that the ‘right thing’ 
has been developed. A number of questions immediately spring to mind. Who 
decides what is right as in giving approval to the development or creation of ‘the 
right thing’? Stating that it depends on the context is only part of the answer. And in 
any case, what might be considered ‘right’ in one context may well be thought 
wrong in another  context. Context  , then, is identifi ed as the critical factor in 
 determining whether or not a work of engineering is deemed appropriate and right, 
assuming in the fi rst place the adequacy of all the associated technical aspects of the 
undertaking. Two points need to be stressed here. First, in the practical world of 
engineering there is no simple and satisfactory way of drawing a boundary around 
what constitutes context. Second, there is obviously a difference between the  context 
considered at the time of design and implementation, and a more complete context 
that only emerges in time. It is not just a question of unintended consequences: 
value systems change with time and what appeared reasonable at one time can be 
found to be unacceptable later. Before proceeding some defi nition needs to be estab-
lished as to what is meant here by context. 

 Context, from the Latin  contextus,  means a joining together or connection. So in 
a given text the passage leading up to a particular word establishes a background by 
which a fuller understanding of the use of that word can be achieved by the reader. 
In this chapter context is taken to be the circumstances constituting a background in 
which something, largely engineering in nature, is to be placed. The circumstances, 
or set of circumstances, are potentially anything but typically would include the 
 following: economic, social, cultural, political, and environmental factors together 
with ethical considerations. Time is an additional factor: for example circumstances 
involving famine, war, drought or any major adverse event inevitably change what 
might otherwise have been a settled context. 
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 Because engineering impacts on our physical world it must always be situated 
within a context: engineering cannot be context free. It follows then that the 
 profession is obliged to address the many challenges associated with the set of cir-
cumstances surrounding a given engineering event – be it positioning a new bridge, 
opening a new runway at an airport, locating a new hospital, or installing alternative 
energy systems such as wind farms. The central questions asked in this chapter 
focus on the degree to which engineering is suffi ciently context sensitive and con-
text responsible. An intriguing question not asked nor answered is whether engi-
neering is better or worse in this respect compared to other professions such as 
architecture, medicine and law. The book   Engineering in Context    (Christensen et al. 
 2009 ) demonstrates the complexity of the subject of its title and not surprisingly 
offers diverse views. The main themes in the book are: Contextualism in Engineering, 
Engineering Education in Context, Engineering Design, Engineers in workplaces 
and institutions, and Engineers in Civil Society. Joseph Herkert claims that 
 engineering  codes of ethics   focus on microethical (individual) responsibilities but 
are weak on macroethical (collective) responsibilities (Herkert  2009 ). And the more 
general charge has been made that engineering has become de-contextualized. 
Indeed it is claimed that ‘engineers are often unaware of, and sometimes even 
trained to explicitly ignore, the broader contexts of their work’ (Fisher and Miller 
 2009 ; Bucciarelli  1994 ). This might well be the case in some instances but such 
training runs counter to what is expected of engineering educational programs as 
discussed later in this chapter. In terms of ethical behavior or duty, closely related to 
addressing issues of context, there is the perceived duty of engineers,  plus respicere , 
which can be broadly interpreted to mean ‘go the extra mile’ and thus take more into 
account (Mitcham  1994 ). 

 Another initial point that can be made is that individuals work within social 
 environments, including their workplace, and their response to context will inevita-
bly vary according to the circumstances. On the matter of the individual as distinct 
to the corporate engineer, Li Bocong examines a micro-meso-macro framework and 
in which ethical stances can be understood and hence positioned with respect to 
general issues of context (Li Bocong  2012 ). From a very different perspective 
Christelle Didier has explored the intersection between religious and political val-
ues and their transformation into an engineering ethos (Didier  2012 ). What is abun-
dantly clear is the complexity of how an engineer, just as any other citizen, develops 
a worldview from which ethical stances evolve together with an understanding of 
the relevance of context in whatever situation they are faced. 

 To unravel the strands of the central question posed the remainder of this chapter 
looks briefl y in turn at types of engineering educational programs, value systems in 
engineering, identifi cation of  grand engineering challenges  , the role of professional 
institutions and academies of engineering, and text books in attempt to gain a under-
standing of how engineers and engineering address context. In addition some views 
are expressed as to how dialogue between society and the engineering profession 
can be enhanced and formalized when it comes to major undertakings.  
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    Engineering Education 

 Undergraduate engineering programs exist within a wide orbit of models each of 
which in principle is eligible for approval by accreditation bodies based on  published 
criteria that include amongst other items program learning outcomes. A number of 
authors have commented on the highly constrained nature of engineering curricu-
lum where there is pressure from all quarters to accommodate additional material 
and not just technical subjects (Williams  2002 ). So it could be expected that context 
like any other aspect of engineering has to be specially pressed if it is to have 
 adequate exposure. It is instructive then to examine the extent to which context is 
explicitly or implicitly included in the learning outcomes defi ned for engineering 
programs. Institutions of engineering have promoted the global harmonization of 
program learning outcomes and for the purposes of this chapter the work of the 
European Network for Accreditation of Engineering Education is used (ENAEE 
 2009 ). The Network authorizes accreditation and quality assurance agencies to 
award the EUR-ACE® label to accredited engineering degree programs (EUR-ACE 
 2008 ). Within the EUR-ACE standards framework document there are six sets of 
learning outcomes as follows:

•    Knowledge and Understanding  
•   Engineering Analysis  
•   Engineering Design  
•   Investigations  
•   Engineering Practice  
•   Transferable Skills   

Under the Knowledge and Understanding heading the document states that 
‘Graduates should demonstrate their knowledge and understanding of their 
 engineering specialisation, and also of the wider context of engineering … and 
awareness of the wider multidisciplinary context of engineering’. It is left to the 
colleges offering engineering programs to interpret what is meant by the ‘wider 
context’ when an explanatory footnote in accreditation documents on what the 
accrediting body intends by ‘wider context’ would be helpful to engineering schools 
and review panels alike. One of the learning outcomes under Transferable Skills 
states that graduates should ‘demonstrate awareness of the health, safety and legal 
issues and responsibilities of engineering practice, the impact of engineering solu-
tions in a societal and environmental context, and commit to professional ethics, 
responsibilities and norms of engineering practice’. The intention then is clear. 
However the real strength or otherwise depends on how, fi rst, engineering colleges 
respond to the stated criteria and second, the diligence of accreditation panels in 
ensuring the criteria are met. Bearing in mind that accreditation panels usually 
 consist of only engineering academics and engineering practitioners some concern 
arises as to whether the societal aspects of engineering are adequately scrutinised 
(Grimson and Murphy  2013 ). Nevertheless in the fi rst instance the onus resides 
within engineering schools to ensure that addressing societal aspects are incorpo-
rated into programs. 
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 A question can be asked as to whether different types of program make it more 
or less likely that context, societal, ethical and directly related topics are given 
 suffi cient attention. It is not the purpose here to describe in detail the structure of 
engineering programs, rather the intention is to give suffi cient information to allow 
some comments to be made on their suitability to deal with context. Whilst there is 
a wide range of curriculum implementations the following ones are the dominant 
ones. First, what might be called the conventional engineering education model 
with its mixture of mathematics, science and technology covers engineering prin-
ciples applied to a limited fi eld. Such programs were originally general in character 
in that the fi rst and second years prepared for the introduction of a range of sub- 
disciplines in the latter stages of the course. In various colleges a liberal studies 
element was also included. The breadth of coverage however came at the price of 
limiting the depth of material. Analysis dominated though design did feature in such 
programs but was not overly emphasized. Most engineers over the age of forty 
would have graduated from such a program. In time specialism became a feature of 
many engineering programs with say electronic engineering being the target subject 
throughout the entire course of study. On one hand the graduates of such programs 
were technically more competent in their chosen fi eld than heretofore, but on the 
other hand they were less fl exible and often lacked a wider engineering vision. 

 The second type of approach resulted in what became known as engineering 
 science. In such programs the focus is primarily on the science concerned with the 
physical and mathematical basis of engineering. Correspondingly less attention is 
given both to engineering practice, which often has its roots in craft, and the use of 
approaches such as  heuristics   as described by Billy Koen with great force (Koen 
 2003 ). Further, it is claimed that design is marginalized in engineering science. This 
is not a necessary consequence of adopting such an approach but the greater 
 emphasis on science does come at a cost. To counter what is effectively the lack of 
a holistic approach where many factors have to be taken into account, engineering 
schools developed a third way generally called systems engineering: MIT in par-
ticular were early adopters. One of the key characteristics of systems engineering is 
that it is intrinsically interdisciplinary. The NASA Systems Engineering Handbook 
states that ‘systems engineering is a robust approach to the design, creation, and 
operation of systems. In simple terms, the approach consists of identifi cation and 
quantifi cation of system goals, creation of alternative system design concepts, 
 performance of design trades, selection and implementation of the best design, 
 verifi cation that the design is properly built and integrated, and post-implementation 
assessment of how well the system meets (or met) the goals’ (NASA  1995 ). The 
fi nal important variety of program is the one where it is project based. Here the 
project comes fi rst, with a small team of students who ‘discover’ what knowledge 
they require to complete their project. It is the team working aspect plus the 
 opportunity to learn about what to learn that gives project based programs their 
main advantage. Whilst each type of program has its defi ning characteristic it must 
be noted that they all have much in common. And all are capable of meeting the pro-
gram accreditation criteria in jurisdictions where such schemes are in operation. 
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 Returning to the question of whether context is more likely to receive adequate 
attention in one type of program compared to another. Whilst context can always 
be introduced by an instructor in any of the program types outlined above there can 
be little doubt that both the systems engineering and project based approaches lend 
themselves to dealing with context in a natural or organic manner. Ruth Graham has 
explored this question in a white paper and notes that project based learning 
 facilitates the ‘greater emphasis on embedding sustainability and ethics within the 
project context’ and ‘the creation of new cross-campus multi-disciplinary projects, 
centred on engineering challenges’ (Graham  2010 ). Sustainability and ethics are not 
necessarily the totality of context in any given situation but it illustrates the point 
that project based learning is a good vehicle for its inclusion in the engineering 
process. Likewise the multi-disciplinary dimension can only enhance context  having 
greater visibility. 

 One mechanism by which a student can be made aware of context is through 
work placement. Work placements that focus on narrow technical areas where 
 specialised knowledge and skills can be developed are not necessarily good candi-
dates for developing context awareness and context sensitivity. At the other end of 
the spectrum, placements abroad as part of, say, humanitarian efforts are likely to 
instil an awareness that simply cannot be gained in the classroom. Work placement 
has as a basic objective the aim of showing an undergraduate engineer what it ‘feels’ 
like to be a ‘real’ professional, that is to say one working in the real world. To that 
end placements that present broadly based opportunities are likely to be of the most 
benefi t. In addition organisations such as  Ingénieurs sans Frontières  have as their 
ideal the act of addressing societal concerns that contribute to the general context in 
which engineering takes place. 

 Textbooks deserve a special mention. Most textbooks for engineering undergrad-
uates do not set out contexts in which the technical material that follows might 
apply. It is not hard to see why this might be the case, for the treatment of subjects 
aims to be as general as possible and is therefore not so much context free as context 
neutral. This is especially the case for introductory textbooks where it is clear that 
the basics must fi rst be established. As an analogy the pianist would be restricted to 
learning piano scales and then embracing the Czerny exercises before being let 
loose on real music however simple it might be. In Electronic Engineering signal 
processing is heavily dependent on Fourier series and Fourier transforms yet few 
introductory textbooks seem to be prepared to set out in advance the overwhelming 
rationale for their use. A few exercises at the end of each chapter are a poor  substitute 
for a rounded discourse on the rich set of applications of this subject material. Is it 
then just left to the lecturer or instructor to provide some context? The situation in 
general improves though when graduate course textbooks are encountered. The use 
of case studies helps greatly in anchoring the technical discussion in realistic 
settings. 

 One last point related to the engineering curriculum, bearing in mind the 
 importance of context, there is merit in having mandatory courses in the History of 
Engineering, Science and Technology. Ideally such courses would include students 
from other disciplines which would enrich class discussions and expose the 
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 engineering students to other viewpoints. Coupled with Philosophy, which  promotes 
right and critical reasoning, the case for including these subjects as part of a Liberal 
Studies component in the curriculum is strong (Grimson et al.  2008 ). The notion of 
banishing engineering to some form of a boot-camp cut off from the ideal university 
would hardly serve the needs of engineering to be context aware (Robert Wolff 
 1992 ). Indeed the idea of humanists and engineers working together to form a 
‘global democratic culture’ has great appeal (White  1967 ).  

     Attributes of an Engineer   

 A number of bodies have conducted exercises to establish the essential skills of an 
engineer and these are discussed by Ela Krawczyk and Mike Murphy as part of 
reviewing the challenges in educating engineers. Professional bodies, business, and 
new graduates all have their favorite priorities. From the lists examined ‘context’ or 
the ability to appreciate context does not appear (Krawczyk and Murphy  2012 ). 
Further it would take a degree of imagination to choose some of the attributes listed 
to at least point in the direction of ‘context’. Perhaps this gets to the core of the mat-
ter: engineering is inherently contextual but context is in many respects only implicit 
in what transpires. As is demonstrated elsewhere in this chapter there are manifold 
‘hooks’ or opportunities by which context is or can be made explicit. Perhaps in the 
future a list of attributes will include an item such as ‘contextual awareness’! 
Interestingly the same authors rank the desirability of skills and competences for 
three very different scenarios: one, where there is a growing libertarianism; one 
where a balance is strived for between civic society, governments and business; and 
one where after a long economic stagnation and a fragile socio-political environ-
ment people turn back to their local communities and cultural roots for comfort. A 
brief analysis of the desirability/scenario matrix shows that Social and Ethical 
Awareness, and Cultural Awareness (close relatives of context awareness) are both 
ranked low. This reinforces, one would think, the point that issues surrounding con-
text need to be made explicit.  

     Value Systems   

 Engineers and engineering have inherited value systems which can be thought of as 
a set of ethical values that are consistent and which are derived in a personal and 
corporate manner. It is probably true though that such value systems are more varied 
than in any other profession, such as medicine, partially due to the wide divergence 
across the many and varied sub-disciplines of engineering and the range of levels at 
which it is practiced. In addition at least some of the value system must refl ect 
norms within any given country and culture. Nevertheless engineering institutions 
and societies across many countries have codes of ethics that are very similar in 

23 The De-contextualising of Engineering: A Myth or a Misunderstanding



408

content. Whilst the existence of a moral code does not necessarily imply that  context 
will be properly addressed in all situations, it does provide a framework in which 
engineers should work and therefore has relevance to both the identifi cation of 
context(s) and their resolutions in terms of subsequent engineering activities. The 
Code of Ethics for Engineers Ireland is not atypical and consists of four parts: (i) Relations 
with Colleagues, Clients, Employers and Society in general; (ii) Environmental and 
Social Obligations; (iii) Maintenance and Development of Professional Conduct 
and Standards; and (iv) Enforcement Procedures and Disciplinary Action (Engineers 
Ireland  2009 ). Within section (ii) it states that:

•    Members shall have due regard to the effects of their work on the health and 
safety of individuals, and on the welfare of society and of its impacts on the 
 natural environment.  

•   Members shall promote the principles and practices of sustainable development 
and the needs of present and future generations.  

•   Members shall strive to ensure that engineering projects for which they are 
responsible will, as far as is practicable, have minimal adverse effects on the 
environment, on the health and safety of the public and on social and cultural 
structures  

•   Members shall strive to accomplish the objectives of their work with the most 
effi cient consumption of natural resources which is practicable economically, 
including the maximum reduction in energy usage, waste and pollution.  

•   Members shall promote the importance of social and environmental factors to 
professional colleagues, employers and clients with whom they share responsi-
bility and collaborate with other professions to mitigate the adverse impacts of 
their common endeavours.  

•   Members shall foster environmental awareness within the profession and among 
the public.   

Perhaps these six statements are open to some criticism, as in a lack of explicit 
 reference to gender, race, religion etc., but it could be argued that such issues are 
already the subject of national equality legislation in most countries. Gender is men-
tioned as it can be an important context in major engineering projects as illustrated 
by Nina Laurie (Laurie  2011 ). And examples are not hard to fi nd where race and 
equality in general are important issues: just think of the distribution and provision 
of hospitals, housing and education in developed countries let alone across the 
world. Nevertheless the above Code of Ethics sets a standard that is high and is 
framed in a manner that compliance is, in principle, measurable. And that perhaps 
is the key issue, namely, whilst engineers have collectively signed up to acting in an 
exemplary manner, is there suffi cient adherence to its stated high ideals? This is 
somewhat akin to comparing the ideals of a Christian, say, with the actual behaviour 
of individuals of that religion. And similar statements could be made about the 
adherents to any belief system. On the general matter of compliance it is fair to say 
that transgressions brought before disciplinary panels are rare and more often than 
not are about matters related to ‘Relations with Colleagues, Clients, Employers’. 
Finally, it is worth comparing the six items listed above with the eight habits of 
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mind that Clark Miller and Sarah Pfatteicher promote as being appropriate for 
 engineers and repeated in Engineering in Context (Miller and Pfatteicher  2008 ), 
(Fisher and Miller  2009 ).

    1.    Recognize that engineering work is a form of social engineering.   
   2.    Develop a commitment to systematically inquire into the broad impact and 

import of engineering work.   
   3.    Regularly seek out opportunities to learn new skills to successfully pursue such 

inquiries.   
   4.    Recognize the obligation of engineers to work in partnership with those who will 

inhabit the technological worlds the engineers design and build.   
   5.    Recognize that all design decisions involve the need to balance, choose, and 

evaluate interests, views and perspectives.   
   6.    Look for ways to make those choices an explicit and integral part of the dialogues 

ta surrounds design decisions.   
   7.    Develop a tolerance and appreciation for dissention, debate, and dialogue.   
   8.    Involve the public more actively as participants in deliberations about the public 

good as embedded in technological systems.    

What is worth noting is the similarity between the two lists and the sameness of 
tone, though the latter is more nuanced. What both lists imply is that engineers work 
in a socio-technical environment and not just a technical one and hence their 
 interaction with engineers and non-engineers needs to be moderated: precisely the 
point of having a code of ethics. In a more general manner the social context of 
technology can be considered a process and hence similar in principle to the 
 processes in engineering (Kroes and van de Poel  2009 ). This approach whilst not 
guaranteeing a successful resolution of contextual challenges at least incorporates 
context into a readily understood framework.  

    An Economic Perspective 

 Not surprisingly there are economic forces bearing on engineering education. On 
one hand some of the longest established and most confi dent engineering schools 
appear slow to adapt to changing circumstances where the rationale is one of taking 
a long term perspective whilst concentrating on universal basics. On the other hand 
younger engineering schools are often eager to adopt change and become early 
adopters in areas associated with technological shifts and new engineering 
 paradigms. New contexts emerge and in a loosely coupled manner two-way interac-
tions between society and academia develop – not always for good nor are they 
necessarily bad. As examples, most of the initial fears concerning nanotechnology 
appear to have abated whilst the technology supporting social media is lagging 
behind what could be required by way of either formal or informal regulation. What 
is clear is that context becomes an issue after the technology is introduced and as a 
result it is more diffi cult for engineers and indeed others to anticipate what will be 
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unintended consequences. Perhaps this is always the case with new technologies 
(for example, consider the adverse effects following large irrigation and dam 
 construction). Either way, context is at its most challenging when engineering takes 
the form of what Walter Vincenti referred to as  Radical Design  (Vincenti  1990 ). 

 There are other ways in which economics and associated policies infl uence 
 engineering and engineering education. National research agendas and conse-
quently funding are normally government led and have considerable power over 
what research takes place. In turn this has a trickle down impact on both graduate, 
fi rst, education and then undergraduate education. In addition Andrew Jamison has 
referred to the greening of engineering and engineering education in which the 
 borders between the academic and business worlds are increasingly transgressed 
(Jamison  2012 ). As a general observation the business or industry infl uence on 
 education is signifi cant across the world with contexts set by those external to the 
universities. In large parts of the former Soviet Union many universities were and 
still are vocationally based (mining, locomotive, chemical) where the context is 
effectively handed down. And fi nally and perhaps controversially, defense contracts 
have featured strongly in research funding for universities (not restricted to engi-
neering) where again context is set by the funders. Unless a college has a strong 
resource base it is inevitable that the education it provides is in part determined by 
external economic factors.  

     Grand Challenges   

 The infl uential Finnish architect Eliel Saarinen held that one should ‘always design 
a thing by considering it in its next larger context – a chair in a room, a room in a 
house, a house in an environment, an environment in a city plan.’ Whilst this injunc-
tion has an obvious appeal – concentrate on one thing at a time – it is open to the 
criticism that proceeding from the bottom to the top does not necessarily yield a 
satisfactory overall outcome. But it must be admitted that much of engineering 
adheres to Saarinen’s instruction. However one notable example of where engineer-
ing has taken a macro view is in the choice of the challenges for the twenty fi rst 
Century as chosen by the US National Academy of Engineering (NAE  2013    ). There 
are 14 challenges and it is worth listing them here.

    1.    Make solar energy economical   
   2.    Provide energy from fusion   
   3.    Develop carbon sequestration methods   
   4.    Manage the nitrogen cycle   
   5.    Provide access to clean water   
   6.    Restore and improve urban infrastructure   
   7.    Advance health informatics   
   8.    Engineer better medicines   
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   9.    Reverse-engineer the brain   
   10.    Prevent nuclear terror   
   11.    Secure cyberspace   
   12.    Enhance virtual reality   
   13.    Advance personalized learning   
   14.    Engineer the tools of scientifi c discovery    

Arguments can be made both for the rejection of some of these challenges and for 
the inclusion of others, nevertheless the list is evidence that one way or another 
context has been taken into account at a macro level. At least three of the challenges 
are directly concerned with climate change. Three straightforwardly are health 
related, and four others deal with the background in which we live and ideally pros-
per. But it is not the list of the challenges that is important since it is expected that 
other nations will have a different set of priorities with many Third World Countries 
having needs not considered important by the more developed countries. And in any 
case time will inevitably force the list to be revised. Instead it is, fi rst, the process by 
which such challenges are identifi ed and, second, the follow-through by which each 
challenge is addressed. Regarding the fi rst, the National Academy of Engineering 
(NAE) did not rely solely on the engineering profession and the committee tasked 
with identifying the challenges consisted of ‘a diverse group of people dedicated to 
improving quality of life around the globe’. In such an exercise it is the diversity of 
the group that brings some robustness to the process. Recognising the signifi cance 
of NAE’s Grand Challenges, the Royal Academy of Engineering (UK) held the 
inaugural Global Grand Challenges Summit in March 2013 involving over 450 
leading engineers, artists, economists, designers, philosophers, scientists, politi-
cians, industry leaders, educators and policy makers from across the globe (Global 
Grand Challenges Summit  2013 ). Again it is the diverse range of participants that 
justifi es the hope that the challenges identifi ed are indeed valid and deserving of 
sustained attention and effort. Regarding the second matter – the follow-through – 
this is more problematic and at root troubling. Signifi cant resources and commit-
ment need to be in place for a prolonged period of time if progress is to be made and 
this requires society mostly through governments to accept a responsibility that 
perhaps they are reluctant to accept. As an example the wrangling over various pro-
tocols and agreements together with lack of progress on climate change do not 
augur well for global success in meeting the grand challenges. And perhaps it is 
here that engineering has its biggest challenge, namely to canvas support at all lev-
els, from corporations, foundations, various agencies and governments, to commit 
resources and effort to what are perceived to be the real and signifi cant problems. 
Oddly enough the problem is still one of context but now it is essentially a socio-
political one. In a partial conclusion, it could be argued that fundamental challenges 
with their associated contexts have not been ignored by engineering, but it is as yet 
unclear whether the profession is suffi ciently persuasive to ensure the grand chal-
lenges are accepted, and acted upon, by society acting through governments and 
other agencies.  
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    The Role of Professional Institutions and Academies 
of Engineering 

 Whilst undergraduate education is the main vehicle by which engineers are or can 
be sensitised to issues surrounding context it does not follow that exposure to this 
matter stops at graduation. In fact context becomes more important if not inevitable 
once an engineer commences practicing their profession. It follows that continuing 
professional development (CPD) plays a role in educating and re-educating 
 engineers throughout their careers. In general institutions are well placed to identify 
topics that have particular importance and in many cases organise symposia, collo-
quia and conferences to address current and emerging subjects. An example would 
be the type of report that looks at the energy question where orthodox sources of 
power such as coal and nuclear are considered together with a range of alternative 
ones, and including material on sustainability, climate change, impact on econo-
mies, socio-political matters, local environmental conditions and other contexts. 
Other topics found on academy websites include reports on engineering the future 
of water, human enhancement and the future of work, energy storage, and the 
 philosophy of engineering – in fact a rich and eclectic set of reports can easily be 
found each with their own relevant contexts. 1  In turn the material in such reports 
fi nds its way into textbooks intended for use in colleges and universities.  

    Legislation 

 Legislation as it impinges on engineering is essentially good practice that is encoded 
or framed in a way that forces the profession to comply. Health & Safety is one 
obvious area that has resulted in a raft of law setting out the conditions under which 
individuals must operate. Legislation of this type protects both the client and the 
engineer. Other types of legislation ensure that the greater interests of society are 
represented in the work of engineers and particularly at the early stages of a project. 
For example  Environmental Impact Studies   (EIS) are a mandatory part of any 
 project such as building a new road or airport and take into account one set of 
 contexts. Further, planning bodies then rule as to whether or not the relevant chal-
lenges for these contexts have been properly addressed. There are other less obvious 
mechanisms. For example in some jurisdictions professional engineers are 
regulated by an institution which is empowered through law to maintain a register 
of its members and who must act according to the bye-laws and regulations of that 
body. Ethical conduct expected of a member would normally be a strong feature of 
such bodies’ laws. The systems in place may not be perfect but a general framework 
is in place through state legislation and the role of institutions in ensuring as far as 

1   See for example  http://www.raeng.org.uk/news/publications/list/mostrecent.htm ,  http://www.
nae.edu/Publications/Reports.aspx  and  http://www.iae.ie/publications/ 
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practicable that engineers carry out their function in society in a responsible 
manner.  

    Dialogue Between Society and Engineering 

 The burden of identifying and then accounting in some reasonable manner for  context 
should not be seen to rest solely on the shoulders of engineering. Society through 
groups and individuals has a role to play and not just the adversarial one that attracts 
the attention of the news media. Useful dialogue and the negotiation that needs to 
have formal support whereby those involved are properly informed. One such exam-
ple is the Aarhus Convention supported by three ‘pillars’; namely, Access to 
Information, Public Participation in Decision-making, and Access to Justice, in 
Environmental Matters (  www.unece.org    ). The underlying rationale, as the website 
makes clear, is that sustainable development is directly dependent on the meaningful 
engagement of civil society in decision-making. Whilst the primary concern is envi-
ronmental, which in any case relates to much of what concerns society, the general 
approach is adoptable across the whole breadth of engineering as it is practiced.  

    Conclusion 

 No special claim can be made for engineering when it comes to the question of 
context in all its many facets. Without strong evidence to the contrary it can be 
assumed that engineering takes the issues surrounding context(s) no less seriously 
than other practical professions. But it can hardly be disputed that the effect on an 
‘environment’ in the case of engineering endeavours where context has not been 
either understood or addressed can be of huge or even disastrous consequences. 
Even when well intentioned, engineering projects can be the victim of either 
 unintended consequences or a lack of understanding of associated and previously 
known contexts. One area that has attracted adverse comment has been the building 
of dams and in general altering water courses. Too often such projects are under-
taken by developed countries in developing countries and have resulted in a number 
of well publicized disasters. One feature of some of these failures has been a lack of 
real dialogue between project managers and local people who understand perfectly 
well their own surroundings. It has been pointed out by Peter McEvoy, Jane Grimson 
and William Grimson that engineers are well placed to contribute to what has been 
called ‘negotiated development’ for the simple reason that they are at the core of so 
many developments (McEvoy et al.  2012 ). 

 Civil engineering was so called to differentiate it from military engineering 
which for many centuries dealt with fortifi cations and weapons to breach enemies’ 
ramparts. The picture today is more complex with all branches of engineering 
deployed from time to time to support military engagements and interventions. The 
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contexts surrounding military operations and peace are manifold and range from 
humanitarian to economic aspects. Engineering cannot be divorced from this 
 complex background situation, with positions taken both in accord with international 
agreements and moral norms within any given country. For example, consider the 
use, production, transfer and stockpiling of cluster munitions (  http://www.cluster-
convention.org/    ). Engineers, scientists, medical doctors and other professionals all 
face the same or similar ethical questions about war, ones that have existed for 
thousands of years. Whether engineers are working within or outside the parameters 
set by society is a matter of debate but at the very least no individual can claim to be 
unaware of the various contexts associated with military operations and war. 

 Finally, engineering is an infuriating topic to some, for the fi eld of endeavor that 
is engineering almost defi es description. It involves mathematics, science, craft and 
various technologies in a mix that appears amoeba-like and having no clear bound-
aries. Carl Mitcham has claimed that engineering is philosophically weak when 
compared to other professions (Mitcham  2008 ). There is substance to this claim but 
in some respects it misses the point, for engineering to succeed it cannot afford the 
luxury of being soundly philosophically based as, say, mathematics. Its purpose lies 
elsewhere. It is the curse and blessing of engineering that it is both open-ended and 
forced to be a profession of everything (Williams  2002 ). As a result engineering is 
all too susceptible to failing to meet the heavy demands made of it, trying as it does 
to satisfy diverse and complex requirements. It would be ridiculous to claim that 
engineers have helped create the best of all possible worlds. But it is unthinkable 
that humanity could have developed to its current position or contemplated new 
developments without the direct involvement of engineering in one form or another. 
This chapter set out to show whether engineers are suffi ciently context-aware and 
responsive. What the chapter shows is that through a multiple of means context is 
addressed at fi rst during the educational formation of engineers and second through-
out the professional life of an engineer. The means exist but whether the end-result 
is satisfactory is itself another and different question. Suffi ce to say that there is a 
realization within the engineering community that context is vitally important and 
deserves a rounded attention. And Samuel Florman’s view that it is not the engi-
neer’s responsibility to impose their morals on their practice, considering that they 
are not responsible for the initial requirements, seems, at least to this author, nothing 
more than a convenient excuse for ‘hand-washing’ (Florman  1976 ).     
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