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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  
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•   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 
 background 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         

Preface



             



xi

  Acknowledgment  

 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.  



             



xiii

   Contents 

   Part I Histories, Dynamics and Structures in Engineering Education     

     Introduction ............................................................................................. 2
Atsushi Akera and Erin A. Cech

1      A Historical Survey of the Structural Changes 
in the American System of Engineering Education .............................  7   
    Atsushi   Akera     and     Bruce   Seely    

    2       The Role of Research in Academic Drift Processes in European 
and American Professional Engineering Education Outside 
the Universities ........................................................................................  33   
    Steen   Hyldgaard   Christensen     and     Byron   Newberry    

    3      Structural Transformations in Higher 
Engineering Education in Europe .........................................................  71   
    Bernard   Delahousse     and     Wilhelm   Bomke    

    4       Engineering Brazil: National Engineering Capability at Stake .........  95   
    Édison   Renato   Silva    ,     Roberto   Bartholo    , and     Domício   Proença Jr    

    5       Engineering Education in India: A Comprehensive Overview ...........  105   
    Balasundaram   Subramanian    

    6       Engineering Education in Slavic Languages Countries ......................  125   
    Maria   Kostyszak    ,     Jan   Wadowski    , and     Marcin   Zaród     

   Part II Ideologies of Engineering Education     

     Introduction ............................................................................................. 146
Brent K. Jesiek and Christelle Didier

7       Confucianism, Marxism, and Pragmatism: The Intellectual 
Contexts of Engineering Education in China .......................................  151   
    Qin   Zhu     and     Brent   K.   Jesiek    



xiv

    8      Meritocracy, Technocracy, Democracy: 
Understandings of Racial and Gender Equity 
in American Engineering Education .....................................................  171   
    Amy   E.   Slaton    

    9       Challenges of Overcoming Structural Barriers 
for African American Engineers in the United States 
and in the African Diaspora ...................................................................  191   
    Derrick   Hudson    

     10      Depoliticization and the Structure of Engineering Education ............  203   
    Erin   A.   Cech     and     Heidi   M.   Sherick     

   Part III Reforming Engineering Education: Experiences and Cases     

     Introduction ............................................................................................. 218
Steen Hyldgaard Christensen and Niels Mejlgaard

11      Bridging Sustainable Community 
Development and Social Justice .............................................................  225   
    Juan   Lucena    

     12      Energy Ethics in Science and Engineering Education .........................  249   
    Joseph   Herkert    ,     Rachelle   Hollander    ,     Clark   Miller    , 
    Frazier   Benya    ,     Chad   Monfreda    , and     Lynette   Osborne    

     13      Engineering for the Real World: Diversity, 
Innovation and Hands-on Learning ......................................................  261   
    Jessica   Smith   Rolston     and     Elizabeth   Cox    

     14      Fostering Hybridity: Teaching About Context 
in Engineering Education .......................................................................  279   
    Andrew   Jamison    ,     Niels   Mejlgaard    , and     Jette   Egelund   Holgaard    

     15      Constructions of the Core of Engineering: 
Technology and Design as Modes of Social Intervention ....................  303   
    Ulrik   Jørgensen    

     16      Transforming Engineering Education: 
For Technological Innovation and Social Development.......................  321   
    Tony   Marjoram    

     17      Appropriate Curricula for Engineering Management 
Programmes: A South African Approach .............................................  343   
    Alan   Colin   Brent     

   Part IV Innovative Approaches and New Pathways     

     Introduction ............................................................................................. 366
Dean Nieusma and Louis L. Bucciarelli

Contents



xv

18      Design-Based Research: A Strategy 
for Change in Engineering Education ...................................................  373   
    Anette   Kolmos    

     19      Engineering Education Research as Engineering Research ...............  393   
    Jonte   Bernhard    

     20      Analyzing Context by Design: Engineering 
Education Reform via Social-Technical Integration ............................  415   
    Dean   Nieusma    

     21      PDS: Engineering as Problem Definition and Solution .......................  435   
    Gary   Lee   Downey    

     22      Implementing Social Awareness into Engineering Curricula .............  457   
    Javier   Cañavate    ,     Manuel   José   Lis Arias    , and     Josep   Maria   Casasús     

    23      Engineering as a Socio-technical Process: 
Case-Based Learning from the Example 
of Wind Technology Development  ........................................................  477   
    Matthias   Heymann     

    24      Getting Context Back in Engineering Education .................................  495   
    Anders   Buch     and     Louis   L.   Bucciarelli    

     25      Techno-anthropology and Engineering Education: 
Between Hybridity and Social Responsibility ......................................  513   
    Lars   Botin     and     Tom   Børsen      

Contents



             



xvii

  Author Biographies 

     Steen     Hyldgaard     Christensen       M.A. in Scandinavian Language and Literature 
and the History of Ideas, Aarhus University. Ph.D. in Educational Studies, Aalborg 
University. Senior lecturer at Aarhus University, School of Business and Social 
Sciences, Herning, Denmark, until 2014. From 2014, adjunct associate professor at 
Aalborg University, Denmark. He has initiated six big international inter- and meta- 
disciplinary research projects on engineering including PROCEED and coordinated 
fi ve of them. He has acted in roles of editor-in-chief and coauthor of four books: 
 Profession, Culture, and Communication: An Interdisciplinary Challenge to 
Business and Engineering  (Institute of Business Administration and Technology 
Press 2003);  Philosophy in Engineering  (Academica 2007);  Engineering in Context  
(Academica 2009); and  Engineering, Development and Philosophy: American, 
Chinese, and European Perspectives  (Springer 2012). Besides, he has coauthored  A 
Hybrid Imagination: Science and Technology in Cultural Perspective  (Morgan & 
Claypool Publishers 2011) together with Andrew Jamison and Lars Botin. In addi-
tion, he has published a number of articles on engineering epistemology, culture, 
and education. Current research interest includes academic drift in engineering edu-
cation and structural dynamics in higher education.    

         Christelle     Didier       B.S. in Electrochemistry Engineering, M.A. in Education, Ph.D. 
in Sociology from Ecole des Hautes Etudes en Sciences Sociales (EHESS), Paris. 
From 1993 to 2013, Assistant Professor, Lille University, France, Ethics Department. 
Assistant Professor, Charles de Gaulle University of Lille, Education Department. 
Member of CIREL (EA 4354). Coauthor of  Ethique industrielle  (DeBoeck, 
Brussels, 1998) and author of  Penser l’éthique des ingénieurs  (PUF, Paris 2008) and 
 Les ingénieurs et l’éthique: Pour un regard sociologique  (Hermes 2008). She has 
published many articles on ethics and social responsibility in the engineering pro-
fession and education and on the engineering profession’s values (from interviews 
and extensive surveys). Her research areas are engineering ethics and values, includ-
ing historical, cultural, and gender perspective, sustainable development and corpo-
rate social responsibility, social responsibility.    



xviii

      Andrew     Jamison       B.A. in History and Science from Harvard University, Ph.D. in 
Theory of Science from University of Gothenburg (Göteborg). Docent in Theory of 
Science, University of Gothenburg. Professor of Technology, Environment, and 
Society at Aalborg University. Coordinator of Program of Research on Opportunities 
and Challenges in Engineering Education in Denmark (PROCEED), 2010–2013, 
and author, most recently, of  The Making of Green Knowledge: Environmental 
Politics and Cultural Transformation  (Cambridge 2001),  Hubris and Hybrids: A 
Cultural History of Technology and Science , with Mikael Hård (Routledge 2005),  A 
Hybrid Imagination: Science and Technology in Cultural Perspective  (Morgan & 
Claypool Publishers 2011) together with Steen Hyldgaard Christensen and Lars 
Botin, and  The Making of Green Engineers: Sustainable Development and the 
Hybrid Imagination  (Morgan and Claypool 2013).    

      Martin     Meganck       M.Sc. in Chemical Engineering from Ghent University, Ph.D. in 
Chemical Engineering, and M.A. Moral Theology both from KU Leuven. Lecturer 
in Philosophy and Ethics in the Faculty of Engineering Technology, researcher at 
the Center for Science, Technology, and Ethics, and the Theological Faculty of the 
KU Leuven. Teaching areas include Philosophy of Science, Philosophy of 
Technology, and Professional and Business Ethics. He was coauthor and coeditor of 
 Philosophy in Engineering  (Academica 2007) and  Engineering in Context  
(Academica 2009).    

      Carl     Mitcham       B.A. and M.A. in Philosophy from University of Colorado, 
Boulder. Ph.D. in Philosophy from Fordham University. Professor of Philosophy of 
Science and Technology, Renmin University of China, Beijing; Liberal Arts and 
International Studies, Colorado School of Mines, Golden, Colorado. Scholarly con-
tributions have been directed toward the philosophy and ethics of science, technol-
ogy, engineering, and medicine and to science, technology, and society (STS) 
studies. Teaching areas include ethics, STS, and science and technology policy.    

      Byron     Newberry       B.S. in Aerospace Engineering, University of Alabama. M.S. in 
Aerospace Engineering and Ph.D. in Engineering Mechanics, both from Iowa State 
University. Professor of Mechanical Engineering, Baylor University. Baylor Fellow 
for teaching. Professional Engineer (PE) Texas, USA. Research interests include 
engineering design, engineering ethics, and philosophy of engineering and technol-
ogy. Aircraft structural engineering consultant. Executive board member, National 
Institute for Engineering Ethics. Editor of the Springer  Philosophy of Engineering 
and Technology  book series.     

Author Biographies



xix

  General Introduction
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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) 
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