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PREFACE AND ACKNOWLEDGEMENTS 

A kind and careful reader who peruses the contents of this volume in the 
context of its predecessor, Philosophy and Technology, volume 6, Philosophy 
of Technology: Practical, Historical and Other Dimensions (1989), will 
quickly note the continuity. Both volumes focus on philosophy of technology 
(as contrasted with our customary philosophy and technology), and both 
emphasize diversity and complexity. The introduction to volume 6, by 
Friedrich Rapp, starts from the premise that the object of academic 
philosophy of technology is multifaceted - and so deserves multidisciplinary 
study; this volume begins with the academic beast itself and claims that it 
should or should not be "specialized" in the customary academic fashion of 
the day. Two such miscellaneous volumes in a row depart from our plan of 
alternating conference proceedings with miscellaneous volumes. It seems the 
departure was worthwhile in this case: the two volumes together (6 and 7) 
might make an excellent textbook to introduce the student to the marvelous 
diversity of philosophy of technology today. In any case, the next two 
volumes in the series (8 and 9) are planned as theme volumes, proceedings 
based on international conferences; that should correct any imbalance. 

Once again, as in volume 6, it seems appropriate to acknowledge with 
gratitude two sets of people: first, the referees who have evaluated the papers 
and frequently prodded the authors to make improvements; and second, Mary 
Imperatore and Dorothy Milsom, who have had to retype so many of the 
texts. 

University of Delaware Paul T. Durbin 

Paul T. Durbin (ed.), Broad and Narrow Interpretations of Philosophy of Technology, vii. 
© 1990 Kluwer Academic Publishers. 



PAUL T. DURBIN 

INTRODUCTION: CONFLICT OVER PHILOSOPHY 

OF TECHNOLOGY AS AN ACADEMIC FIELD 

It is almost two decades since I began editing Research in Philosophy and 
Technologyl and this Philosophy and Technology series.2 I have always tried 
to avoid "philosophy of technology" as the name for our fledgling academic 
subdiscipline. Instead, I have striven to keep the pages of the two series open 
to all comers, to philosophers of all persuasions (and a handful of. non
philosophers) who happen to be united only by a focus on technology or 
problems of our technological age. But the issue of philosophy of technology 
as an academic field - however much opposed by practitioners or reviewers 
of volumes in the two series - will not go away. 

For critics, including philosophers who see themselves primarily as 
sociotechnical critics rather than academics, it remains blessedly true that 
philosophy of technology is decidedly not yet an academic field in any 
recognized sense. Many would hope it never becomes such. True, there is our 
Society for Philosophy and Technology, which runs international meetings of 
a high caliber every two years. But there is no recognized graduate teaching 
program in philosophy of technology anywhere in the world; and the number 
of explicit philosophy of technology courses, undergraduate or graduate, 
remains quite small. On the other hand, courses in philosophy and technology 
- from engineering ethics to biomedical or computer ethics, from decision 
theory applied to technological projects to philosophical dimensions of 
science, technology, and society - are thriving as never before, and often 
enough in equally thriving programs that include more than philosophers in 
their makeup. 

Under these circumstances, it seems topical once again to raise the 
question of philosophy of technology as a legitimate or illegitimate claimant 
to the status of an academic subdiscipline in the cluttered contemporary 
landscape of fields identifying themselves as such in the modem multiversity. 
We are fortunate to have here a lead-off symposium that explicitly raises that 
issue in a sharply-worded confrontation between Joseph Pitt and Frederick 
Ferre. 

ix 
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x INTRODUCTION 

BACKGROUND: DEPARTMENTS, SPECIALIZATION, AND 

PROFESSIONALIZATION IN AMERICAN HIGHER EDUCATION 

For over half of its history, U.S. higher education turned out mostly cler
gymen and lawyers. Looking back on that period, we might be tempted to 
think that this meant specialized training for the ministry or the practice of 
law. That, however, was not the case. What a college education in the U.S. 
prepared young men (almost exclusively) for, from the founding of Harvard 
College in 1636 through the founding of hundreds of denominational colleges 
in the first two-thirds of the nineteenth century, was leadership in the 
community. Professionalization and specialization only began to take root, 
and then became the dominant mode in U.S. higher education, in the period 
roughly from 1860--1920. In subsequent decades, that seemed to many critics 
to signal the end of what might be called "education in wisdom," the 
preparation of leaders for a broad range of responsibilities. 

Professionalization, specialization, and departmentalization of higher 
education in the U.S. began in the last quarter of the nineteenth century. 
According to Alexandra Oleson and John Voss,3 "The unplanned .. , efforts 
to build a new order of [higher] learning [in the U.S.] were a product of the 
interaction between European intellectual traditions and the American social 
and cultural environment." 

Though the effort was unplanned, it did have a structure: "The keystone 
... was the American university ... [where] without sacrificing the German 
ideal to advance knowledge for its own sake, American academic reformers 
... managed to combine that goal with a broad and direct commitment to 
what they called 'real life. '" 

Between 1870 and 1900, the number of college students in the U.S. 
increased fourfold from about 50,000 to well over 200,000. (Meanwhile, 
population in the U.S. doubled from 38 million in 1870 to 76 million in 
1900.) Oleson and Voss note that, "In the wave of this expansion came a 
corresponding demand for teachers trained in the specialized fields of 
chemistry, physics, modem languages, European history, and even the social 
sciences, which, under the elective system, had come to form a major part of 
the new college curriculum." Who was to do this teaching? Where earlier 
generations of U.S. college teachers had trained mostly in Germany, "By the 
tum of the century, the number of students enrolled in American graduate 
programs had risen from fewer than fifty in 1870 to nearly six thousand." 

The story of the development of the social sciences - anthropology, 
economics, political science, psychology, and sociology - is told by Dorothy 
Ross:4 
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The tempo of professionalizing activities ... was markedly quickened by the 
generation of the 1880s and the kind of professionalism they espoused came to 
dominate their disciplines. There appears to have been at least three professional 
ideals at work among the early social scientists - that of the practitioner, that of the 
college based teacher-scholar, and that of the research-oriented scholar-scientist. 

Later generations would lament the dominance of research over teaching and 
service, but in the beginning all three were part of the new professional ideal. 

Ross continues: "Professional motivations ... promoted disciplinary unity. 
Once fonned [typically around 1900], professional institutions acted as 
moderators and neutralizers of ... conflicting views." The point here is that 
unifonnity began to prevail, though everyone recognizes that schools of 
thought, rather than complete unanimity, dominate the social sciences right 
down to the present. The organizing key was a devotion to "the advancement 
of knowledge" in specialist fields. 

By the 1920s, this pattern of elective undergraduate education taught by 
professors trained in graduate programs based in academic departments -
with the professors belonging to professional societies dedicated to the 
advancement of knowledge - prevailed in all the major North American 
universities. The chief exceptions were religiously-oriented denominational 
colleges - and even they gave in to the departmental system in short order. 
Devotees of the generalist approach of the traditional humanities fought 
against the new compartmentalization of knowledge, but without success.S 

HISTORY, PHILOSOPHY, AND SOCIOLOGY OF SCIENCE, 

TECHNOLOGY, AND MEDICINE 

The first break in this tradition - with scholars in one discipline studying the 
work of other disciplines - came with the emergence of specialists in the 
history of medicine and the history of science. 

In the U.S. in the nineteenth century, medical schools were often free
standing, many of them proprietary; by the first decades of the twentieth 
century, almost all of the leading medical colleges had become units within 
universities - in some cases, among the most powerful units. Throughout the 
nineteenth century, similarly, natural philosophy was transfonned into 
science and various science departments found their primary home bases in 
the universities. The disciplines of history of medicine and history of science 
followed almost immediately. 

From colonial times in the U.S., there had been physicians who wrote on 
topics in the history of medicine, but the first major history of medicine 
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department was founded at the Johns Hopkins University in Baltimore, 
Maryland, in 1932. The founder was Henry Sigerist, a Swiss-born graduate of 
the Institute for the History of Medicine at the University of Leipzig, but it 
would be decades before the majority of historians of medicine in the U.S. 
were history-department-trained rather than physician/amateurs. 

The story of the professionalization of the history of science followed 
along somewhat the same lines. Many early historians of science were 
scientists, science administrators, or science patrons, with professional 
training in history of science emerging slowly over a period of decades. The 
leading figure in the early history of the history of science movement in the 
U.S. was George Sarton, a Belgian-born scientist and gentleman-scholar who 
founded Isis in 1913 and was influential in the founding of the History of 
Science Society in 1924. Sarton, however, experienced great difficulty in 
introducing science as a fit object for historians at Harvard University, 
and the establishment of a history of science department there was long 
delayed.6 

The history of philosophy of science in the U.S. exhibits a similar pattern. 
It was not until emigrants from Austria - most of them members of the 
Vienna Circle and Jewish refugees fleeing from the Nazis - arrived in the 
U.S. and established bases in leading universities that the Philosophy of 
Science Association and its journal, Philosophy of Science, came into being. 
This was in 1934, but the Association did not begin to hold regular profes
sional meetings until 1968. In this case, however, the professional education 
of philosophers of science began relatively quickly; and they were welcomed 
without difficulty into already-professionalized philosophy departments in 
the 1940s and 1950s. 

After World War II, other humanistic and social science disciplines 
studying science, technology, and medicine emerged in rapid succession. 
Medical sociology enjoyed some currency among physicians before, but 
during the war sociologists were recruited to do work for the military and in 
the postwar period medical sociology quickly became an accepted specialty 
in both medical schools and sociology departments. The case was similar 
with science policy studies, based on the experience of the importance of 
science for military purposes during World War II and the growing impor
tance of science thereafter. The Society for the History of Technology, with 
its journal, Technology and Culture, was founded in 1958. Studies of science 
by sociologists had appeared in the U.S. in the 1940s and 1950s, but profes
sional training in the sociology of science only began in the 1960s and the 
Society for Social Studies of Science was not founded until 1975.7 
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THE RISE OF INTERDISCIPLINARY PROGRAMS 

Representatives of the traditional humanities had objected strenuously to the 
compartmentalization and professionalization of knowledge in the early 
decades of the twentieth century. Such protests have continued right down to 
the present. 

After World War n, anti-specialism took on a new and positive coloring. 
Inter- and multidisciplinary programs came into existence. Good examples 
are urban studies programs as well as area studies, e.g., American Studies, 
Latin American Studies, Asian Studies. These were seen by their proponents 
as forward-looking ventures, as programs needed to better prepare students 
for a "real world" of problems not arranged along neat disciplinary lines.8 

Three developments deserve mention in this connection: the rise of 
programs in bioethics, science, technology, and public policy (STPP) , and 
science, technology, and society (STS). 

Bioethics has, within roughly two decades, become an extraordinarily well 
established field. There is an Encyclopedia of Bioethics. There is an impres
sive, computerized, regularly - updated and federally funded bibliography. 
There are textbooks and journals and monographs in ever increasing 
numbers. 

What is peculiar about the field of bioethics, aside from the fact that it is 
multidisciplinary almost by definition, is its anomalous relationship to 
academia. Of the two leading research centers, the Kennedy Institute and the 
Hastings Center, one is at a university (Georgetown) and the other is not. 
Though bioethics courses, and even programs, are emerging with astonishing 
rapidity, most of these are in medical schools or allied health programs, with 
almost none in traditional philosophy departments. It is still today a difficult 
matter to get a doctoral degree in bioethics. 

STPP programs, though they are typically multidisciplinary, fall more 
within" the departmental tradition of the early decades of the twentieth century 
than within the 1970s trend of interdisciplinary programs, including STS. 
Often championed by scientists or engineers - though typically supported 
also by discipline-oriented historians, philosophers, and sociologists of 
science and technology, as well as science policy experts - STPP programs 
for the most part were designed to train scientific and engineering managers 
for broader social responsibilities. Up to that time, managers had typically 
come up through the ranks of researchers or engineering practitioners; now, 
as the postwar world began to be seen as technically very complex, it seemed 
that this career ladder was no longer the ideal. 
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STS programs stand in sharp contrast to STPP programs. In the vast 
majority of cases, STS professors were trained in the same sorts of graduate 
programs as STPP professors; that is, they were either scientists and en
gineers interested in broader issues, or they were trained as historians of 
science and technology, philosophers of science, etc. The difference is that 
most STS professors had been strongly influenced by the anti-technology 
aspects of the student anti-war movement of the late 1960s and early 1970s; 
and that a great many are also interdisciplinary, even anti-disciplinary, in 
their orientation. STS professors, much more so than STPP professors, have 
rebelled against the sort of graduate training they received. Even now, as STS 
programs take on a less strident anti-establishment coloring, there is still 
strong resistance to training a cadre of STS professional scholars. 

PHILOSOPHY OF TECHNOLOGY IN THIS TRADITION 

In almost twenty volumes of Research in Philosophy & Technology and 
Philosophy and Techlwlogy, there have been a handful of papers expressing 
extreme anti-academicism. Contributions by and on Jacques Ellul are the 
most obvious but not the only examples. Joseph Agassi, as one other 
example, has castigated his academic colleagues and urged them on with 
strident rhetoric to join in mass movements to save the world from environ
mental and other catastrophes. But expressions of anti-academicism have 
definitely been in the minority. 

At the opposite extreme, there have been about the same number of 
authors who represent what Thomas Perry calls "professional philosophy"9 -
philosophy done in a style that consciously apes science and claims to be 
cumulative iQ the way science is alleged to be, with neat little articles 
building on one another in an impressive wall of "advancing knowledge." 
Joseph Pitt, in his pleas here for a professional philosophy of technology, is 
not himself a representative of this minority. Most of those who have written 
in this vein are concerned with such highly technical issues as cost-benefit 
analysis, and their contributions might just as well have been published in 
technical journals - even when the authors were critical of the technical fields 
considered. 

Far and away the largest category of contributions to RPT and P and T 
have come from academics with much less rigid definitions of what counts as 
"good philosophy." Indeed, most of them would fall on the "pluralist" side, 
opposed to "narrow analytical philosophy," in the Great Debate in the 
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American Philosophical Association of the last ten years. IO Nonetheless, 
almost all of our authors are academics in good standing in their departments, 
and presumably their refereed articles in RPT and P and T have counted 
toward their promotions. 

A special category here is one that concerns Pitt a great deal - religious 
commentators on technology and technological society. There have, however, 
been exceedingly few papers that make explicit appeal to religion in either 
RPT or P and T - perhaps five or six. This has not been by design; if 
presented "respectably," religious contributions are generally recognized as 
legitimate in academia, and there seems no reason why religion-based 
contributions ought to be excluded from philosophy of technology. 

SOME EDITORIAL CONCLUSIONS 

The typical unit of discourse of "professional philosophy" of Perry's extreme 
sort is the relatively short, journal-length paper that responds to and builds on 
earlier work in a particular tradition. By contrast, the typical unit of discourse 
of the extreme anti-academic is a book - anything from a pamphlet-size 
manifesto to a multi-volume survey of major historical trends. 

One might expect, because RPT and P and T have had something of the 
character of professional journals, that the overwhelming majority of 
contributions to the two series would tend toward the professional end of the 
spectrum. But this has not been so. While today most philosophers not only 
in the U.S. but in most other countries as well, consider themselves to be 
professionals in some sense, and while they do tend to write articles more 
often than books, the modes of their discourse are remarkably diverse even 
within particular national traditions. It is from this broad mainstream of 
loosely professional philosophers - predominantly from the U.S. but 
increasingly from a broad range of other countries - that most of our 
contributions have come. The articles are almost always carefully reasoned, 
but it would clearly be an exaggeration to say they build on one another in 
any cumulative way. 

To sum up, could philosophy of technology become an academic dis
cipline over the protests both of some leading practitioners and of critics? 
Possibly. But if the past is prologue, there are likely to be no narrowly 
"professional" standards. It is more likely to be a loose-knit field, and in the 
future as in the past the standards employed to decide if an article is publish
able are likely to remain extremely diverse. 
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The present volume is no exception to this rule - as a glance at the table of 
contents will reveal. 

University of Delaware 

NOTES 

1 The eight volumes I edited have no separate titles, and only volume 7 had a theme, 
technology and society. Because it will be pertinent at the end of this introduction, I 
want to comment here on the authors of the essays included in the series. There were 
just under ninety authors, with approximately a third authoring more than one article. 
(The most frequent contributor, Carl Mitcham, authored or compiled six essays or 
bibliographies.) Authors range from the extremely-well-known (in philosophy circles) 
- such as Joseph Agassi, Mario Bunge, Joseph Margolis, Kai Nielsen, and Marx 
Wartofsky in the U.S. and Canada, and Jacques Ellul and Friedrich Rapp in Europe
to the very obscure. Many have, during the past fifteen years, become recognized 
worldwide almost exclusively for their contributions to philosophy of technology: 
e.g., Albert Borgmann, Don Ihde, Carl Mitcham, Kristin Shrader-Frechette, and 
Langdon Winner. Others, such as H. Tristram Engelhardt, Jr., have pioneered parallel 
fields such as philosophy of medicine. What can be said in summary is that they are a 
remarkably diverse bunch, united only by their conviction that technology is an apt 
subject for philosophical analysis. 

Reference should also be made here to the fact that Research in Philosophy and 
Technology has continued to be published by JAI Press under a new editor, Frederick 
Ferre. He is editing all theme volumes: Ethics and Technology (guest-edited by Carl 
Mitcham, 1989), Technology and Religion (forthcoming in 1990), Technology and 
Politics, and Technology and the Environment. 
2 The previous six volumes in the current series are: Paul T. Durbin and Friedrich 
Rapp, eds., ,Philosophy and Technology 1983 (originally published as volume 80 in 
Boston Studies in Philosophy of Science series); Carl Mitcham and Alois Huning, 
eds., Philosophy and Technology, II: Information Technology and Computers in 
Theory and Practice (1986; originally BSPS vol. 90); Paul T. Durbin, ed., Technology 
and Responsibility (1987); Paul T. Durbin, ed., Technology and Contemporary Life 
(1988); Edmund F. Byrne and Joseph C. Pitt, eds., Technological Transformation: 
Contextual and Conceptual Implications (1989); and Paul T. Durbin, ed., Philosophy 
of Technology: Practical, Historical and Other Dimensions (1989). All, of course, 
were published by Kluwer Academic Publishers. 
3 See Alexandra Oleson and John Voss, eds., The Organization of Knowledge in 
Modern America, 1860-1920 (Baltimore, Md.: Johns Hopkins University Press, 
1979). References in the text are to pp. x-xiii. See also Burton J. Bledstein, The 
Culture of Professionalism: The Middle Class and the Development of Higher 
Education (New York: Norton, 1976). The next several pages here repeat, in large 
part, what I have said in "Technology Studies against the Background of Profes
sionalization in American Higher Education," Technology in Society II (1989): 
439-445. 
4 Dorothy Ross, "The Development of the Social Sciences," in Oleson and Voss (note 
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1, above), pp. 107-138. References in the text are to pp. 118 and 122. 
5 See Laurence Veysey, "The Plural Organized Worlds of the Humanities," in Oleson 
and Voss (note 1, above), pp. 57-106. 
6 See essays by Gert Brieger and Arnold Thackray in Paul T. Durbin, ed., A Guide to 
the Culture of Science. Technology. and Medicine (New York: Free Press, 1980, 
1984). 
7 See essays by Linda Aiken and Howard Freeman, Diana Crane, Carroll Pursell, and 
Jerry Gaston in Durbin, Guide (note 4, above). 
8 See especially the articles by Julie Thompson Klein, "The Dialectic and Rhetoric of 
Disciplinarity and Interdisciplinarity," pp. 85-100, and "The Broad Scope of 
Interdisciplinarity," pp. 409-424, in Daryl E. Chubin et a!.. eds., Interdisciplinary 
Analysis and Research: Theory and Practice of Problem-Focused Research and 
Development (Mt. Airy, Md.: Lomond, 1986). 
9 Thomas D. Perry, Professional Philosophy: What It Is and Why It Matters 
(Dordrecht: Reidel, 1986). 
10 See A.J. Mandt, "The Triumph of Philosophical Pluralism? Notes on the Transfor
mation of Academic Philosophy," Proceedings and Addresses of the American 
Philosophical Association 60 (November 1986): 265-277. 



PART I 

THE NATURE OF PHILOSOPHY OF TECHNOLOGY 



JOSEPH C. PITI 

IN SEARCH OF A NEW PROMETHEUS 

Toward the end of his book, Philosophy of Technology, Frederick Ferre 
reminds us of that wonderful ancient myth in which Prometheus steals the 
secret of fire from the gods and gives it to humanity, thereby setting us on the 
road to civilization. For this Prometheus was punished. He was chained to a 
rock and tortured daily by a bird who ate his liver, which then regenerated 
overnight so he could be tortured again by having it re-eaten the next day by 
the same bird. Not that I would want to deliberately set events in motion 
which would lead to such a horrible fate for anyone, but I sorely feel the need 
for a new Prometheus who would set us free from current philosophers of 
technology whose major objective seems to be to keep informed philosophi
cal discussion of technology out of reach. Such a savior would not have to 
give us fire; intellectual enlightenment would suffice. As the old Prometheus 
freed humanity from the torment of the cold and dark, the new Prometheus 
through his or her gift would free us from the current state of darkness which 
characterizes the philosophy of technology. Ferre aspires to be that 
Prometheus, but I find that he is not. 

Now these are> harsh words, I recognize that. But I must admit to deep 
disappointment with Ferre's book, and let us be clear from the beginning that 
my quarrels are over what a book about the philosophy of technology should 
address. Instead of using the opportunity offered by the Prentice Hall 
Foundations of Philosophy series to survey the field anew and consider the 
really exciting developments that have taken place in the last ten to fifteen 
years, Ferre repeats a tired old song, popular in the earlier part of this century 
when thinking about technology amounted to little more than indulging in an 
obscurantist form of metaphysics. We are introduced, or should I say 
reintroduced, to two alleged "forms of thought" in human affairs, practical 
versus theoretical, which are then reified so as to make it possible to general
ize about the effects of these kinds of thinking. Philosophical questions about 
technology are then characterized by way of presenting bright or somber 
visions. Ferre's models for these visions are such minor philosophical giants 
as Karl Marx, Buckminster Fuller, Herbert Marcuse, and the ever present 

3 
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4 JOSEPH C. PIIT 

Martin Heidegger. I say "ever present," meaning by that "present in a specific 
form of philosophical thinking about technology," one obsessed by high 
flying questions about the significance of modern life, man's relation with 
god, etc. 

Now I admit to a certain prejudice here. Or perhaps it is a matter of 
philosophical style, training, or intuition. Whichever, and I am sure it is a 
combination of all of these, the question I am concerned to address is this: to 
what extent does Ferre's book give us an honest feel for the nature of 
philosophical problems raised by and peculiar to technology as currently 
constituting the foundations of philosophical thinking about technology? 
Since I do not think it does much in that direction, it is incumbent on me to 
explain why. 

To begin with, philosophical questions of interest concerning technology 
center around the decisions we make regarding technological enterprises. By 
"technological enterprises" I mean such diverse projects as the building of a 
nuclear plant, the development of a new weapons system, the creation of new 
consumer goods and their marketing, the creation of social institutions and 
the development of knowledge. The main problems concern the nature of the 
knowledge and the values we use to make decisions about the development 
and implementation of projects in these areas. In these contexts major 
questions arise concerning the kinds of risks which might be incurred and the 
reliability of techniques for correctly estimating those risks as well as other 
consequences, intended and unintended. While he sometimes nods in some of 
these directions, it is clear that the kinds of concerns just listed are not those 
of Ferre. Tn see the distance between us let us take a quick review of the 
contents of his book by chapter. 

According to Ferre, "This book aims to clarify the foundations of the 
philosophy of technology" (p. 7). Toward determining whether or not Ferre 
achieves that end, consider first the chapter titles: I. What is the Philosophy 
of Technology?; II. Defining Technology; III. Technology and Practical 
Intelligence; IV. Technology and Theoretical Intelligence; V. Technology 
and Modern Existence; VI. Ethics, Assessment and Technology; VII. 
Technology and Religion; VIII. Technology and Metaphysics. Not only do 
the chapter titles fail to give one a sense of organic unity in the text, but 
some, particularly V, VII and VIII, actually jar the senses. Let me take my 
worries one at a time. 

First, with regard to the worry about lack of unity in the book. This charge 
is both fair and not. It is fair in the sense that from the titles alone one has no 
sense of where the author is going. Nor is this feeling of confusion alleviated 
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when you actually read what Ferre has to say. For example, given the 
structure of chapter I, in which we are essentially given a brief taxonomy of 
the classical areas of philosophy and an attempt to fit technology into each of 
these, one is left with the expectation that the rest of the book will elaborate 
these relations. Not so, or at least not obviously so. For example, no further 
effort is made to talk about technology and epistemology, at least not in any 
clear sense of epistemology. More importantly there is actually no mention of 
the history of philosophy as one of the classic areas. This may be because 
Ferre does not see how it bears on technology. But since he virtually ignores 
the question of the relationships between science and technology and the 
growth of science and its influence on the development of epistemology, it 
should come as no surprise that the history of philosophy/natural philosophy 
would be ignored. 

Now Ferre might object that I am not being fair. After all, there are two 
chapters which are at least implicitly epistemological in character, namely 
three and four, the two dealing with theoretical and practical intelligence. 
These chapters arise out of Ferre's definition of technology in chapter 2, i.e., 
the practical implementation of intelligence. I have few difficulties with the 
definition. It resembles in many ways Emmanuel Mesthene's characterization 
of technology as "the organization of knowledge for the achieving of 
practical purposes" (Mesthene, 1970, p. 25) or my own view that technology 
is humanity at work (Pitt, 1983, 1988b). But then to distinguish between 
theoretical and practical intelligence using Alfred North Whitehead as the 
primary philosophical source is not very helpful. In the first place, the 
material of Whitehead's that Ferre uses is from the 1920s. The world of the 
1920s is not the world of today. Thus, there is an important sense in which 
Whitehead's naive and simpleminded view of both science and technology 
fails to have any relevance for the kinds of concerns Ferre raises later when 
questions about assessment and man's existence in the modern world are 
considered. There is also a second reason why Whitehead's distinction is not 
very helpful. The Whiteheadian distinction is itself, even for its own time, 
worthless. All one has to do is study the history of science and technology 
taken together to consider the important interrelations among these areas, and 
one finds that there is no theoretical intelligence simpliciter, just as there is 
no practical intelligence pure and simple. 

Now for some it may be out of order to suggest that philosophical theses 
can be shown to be false by appeal to facts. But philosophy is not an apriori 
activity. If the results of philosophical work are to be taken seriously, then 
they must reflect the ways things are. To assume that there exists a kind of 
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thinking basic to technology which is different from some other form of 
thinking, without justifying that assumption by appeal to what actually 
happens in the world of science and technology, seems to me to weaken the 
philosophical enterprise as well as to produce a framework which is mislead
ing. 

Let me be even more aggressive here. I am dismayed by Ferre's sense of 
what an appropriate historical source is and how such sources are to be used. 
Whitehead, whatever insights he may have had as a logician and 
metaphysician, is certainly not an historian. Even if he were, surely it is 
incumbent upon Ferre to use the best and most up-to-date historical work to 
ground his philosophical theories. But more to the point, speaking as a 
Galileo scholar myself, Whitehead is no Galileo scholar. And yet, using 
Whitehead's romantic, rationalistic, and poetic version of history, Ferre 
proceeds to draw some rather strong conclusions. Let us look at this in some 
detail. 

After talking about theoretical reasoning as having been made possible by 
the invention of logic, Ferre adds critical evaluation to its powers. He then 
looks at some of the strengths and weaknesses of theoretical reason. The first 
point concerns the intrinsic value of theoretical reason. After a quick look at 
Socrates he concludes with the following: 

The passion of reason for its own dispassionate pursuit has erupted many times in 
history since Socrates. An especially poignant element in the struggle between Galileo 
and the authorities of his day was the sense of the intrinsic importance of the 
unfettered thought. Despite threats of torture, public humiliations, and house arrest, 
Galileo continued to think his theories, and the world of thought was changed (pp. 
42~3). 

What does it mean to say that despite adversity Galileo continued to think 
and the world. was changed? Let us look at how Galileo affected the world. 
Rene Descartes, upon hearing of Galileo's trial, wrote Pierre Mersenne that 
he would not publish his Le Monde. Yes that changed the world, but not in 
the way Ferre seems to suggest. Second, Galileo is well known as a physicist. 
What is not well known is that Galileo's physics died when he did. There is a 
good reason for this. Galileo was not a particularly good mathematician. His 
physics is couched in the language of geometry - a language and a method 
that, even at the time he was working, was being superseded by dramatic new 
developments in mathematics due to Johannes Kepler, Bonaventura 
Cavalieri, and finally Isaac Newton. 

What thoughts did Galileo think and the world changed? Perhaps Ferre is 
referring to Galileo's alleged defense of Copernicanism in his Dialogue on 
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the Two Chief World Systems. Well, the Dialogue certainly brought Galileo 
notoriety. But, as I have argued elsewhere, Galileo's "defense" of Coper
nicanism is far less than a defense and much more than it has been made out 
to be (Pitt, 1988a). When Galileo wrote the Dialogue he essentially seized an 
opportunity offered by the Church to do one thing and used it for his own 
ends. The Church was concerned to show the world that its ban on efforts to 
reconcile Nicholas Copernicus's views and the Bible was not based on 
ignorance of either the available facts or the theories in question. As Italy's 
foremost scientist and a loyal Catholic, Galileo was asked to take on that job. 
But the Church was unaware of Galileo's own agenda. He had been working 
on a treatise on the tides since 1615, based on a theory he most probably stole 
from a friend as far back as 1595. What Galileo tried to do in the Dialogue 
was to propose his theory of the tides as evidence which could decide 
between the two competing theories of Copernicus and Ptolemy/Aristotle. In 
fact, the original title of the so-called Dialogue on the Two Chief Systems of 
the World was Dialogue on the Tides. Galileo was forced to change it simply 
to Dialogue by the censors and it was not until the eighteenth century that it 
came to be called by the name we now associate with it. Yes, by all means let 
us praise theoretical reason, if there is such a thing. But let us also remember 
that the history of the creation, development, and defense of ideas is not the 
history of a metaphysical fiction called theoretical reason doggedly pursuing 
its own ideals for its own sake. It is a complicated story tied up with practical 
matters, historical contingencies, serendipity, and luck. But to remember this 
requires that we have a healthy appreciation for history in the first place and, 
in the second place, that we not allow ourselves to be lulled by the poetry of 
metaphysics into believing in "disembodied intelligences" (p. 40). 

Let us tum to Ferre's second case of the strengths and weaknesses of 
theoretical reason. This involves reason's attention to detail, which for Ferre 
can be both a good thing and a bad thing. It is bad when it results in some
thing like scholasticism. Quoting again from Ferre: 

Socrates inspired Plato, who taught Aristotle the importance of careful distinctions. 
Centuries later the Aristotelian tradition of discriminating discriminable ideas was in 
full flower among the scholastics of the Middle Ages. The opponents of Galileo were 
not irrationalists: they were solidly grounded in the vast achievements of theoretical 
intelligence gained by their predecessors. The revolt of Galileo was not against 
unreason but against what Whitehead calls the "inflexible rationality of Medieval 
thought" (p. 43). 

This passage especially points up the problem of relying on Whitehead as an 
historical authority. Whitehead and Ferre make it sound like there was one 
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thing called medieval thought. There was not. Consider some well known 
facts about the period from 1250 to 1550. In the thirteenth century, the 
European intellectual world, which was dominated by fragments of the work 
of Plato, was introduced to the work of Aristotle. It caused such an uproar in 
Paris, where the material arrived via Spain and the Arabic tradition, that it 
caused fights in the streets and the eventual closing of the University of Paris 
for a period of ten years. That was when Aristotelian thinking entered the 
West and Western thought. Prior to that time there was no Aristotelian 
tradition in the West. Furthermore, what became available to Paris and the 
young Thomas Aquinas was Aristotle in Latin translation from the Arabic. It 
was not until a hundred years later that Agostino Nifo finally translated 
Aristotle into Latin from the Greek. In the sixteenth century a new translation 
of Archimedes was produced in Spain; although it is in conflict with some of 
the works of Aristotle, it developed a following of its own. In the fifteenth 
century we witness the rediscovery of the classical Roman authors who are 
responsible for the development of humanism, yet another tradition in 
conflict with some of the followers of Aristotle. Where is the inflexible 
rationality of medieval thought? 

I am pushing this line of attack because I am worried about the way in 
which Ferre develops the views he is advocating. If his sources and his 
historical claims are not reliable, what should we conclude about the strength 
of his arguments? 

I began this particular line of inquiry in the course of looking at the 
structure of Ferre's book. I suggested that if"one loolced for coherence in the 
book by looking at the chapter titles one could not find it. I then began to 
look at the content of the chapters. So far we have noted Ferre's initial 
attempt to link technology to the general areas of philosophy, having left out 
history of philosophy as a general area; and we have seen the consequences 
of ignoring history for Ferre's claims about reason. We have also looked 
briefly at his distinction between practical and theoretical reason, a distinc
tion derived from metaphysical speculation and devoid of content. But these 
worries pale before my total dismay at his selection of Marx, Marcuse, 
Buckminster Fuller, and Heidegger as representatives of various perspectives 
within the area Ferre marks out as technology and modem existence. As I 
suggested earlier, these individuals do not impress me as philosophers of 
technology. Marx is an important figure, primarily in terms of his historical 
importance in world political events. To the extent he has views on technol
ogy, those views are actually part of his account of political economy. Ferre's 
failure to place Marx's views properly makes it difficult to use them as Ferre 
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wishes, namely as an indicator of the "breadth of possibilities" (p. 74) 
available for critique. Marx's concern with technology as a factor in a treatise 
on political economy reduces our understanding of the breadth of Marx's 
vision and is, therefore, at odds with Ferre's announced intent. 

Buckminster Fuller is Ferre's second figure to be considered for the 
breadth of possibilities. I find Fuller without merit. One might look to him as 
a visionary or a poet or for metaphysical inspiration, but the muddled 
metaphysics he brings to his efforts to be reflective about technology hardly 
assist Ferre's efforts to clarify the foundations of the philosophy of technol
ogy. 

Marcuse is of marginal interest, and only to those of us within a certain 
generational profile and most probably because of social and political events 
in the sixties; his philosophical contribution will not survive the decade, 
much less the century. 

As for Heidegger, the fourth and final thinker Ferre appeals to to help us 
broaden our possibilities, well there is a Heidegger industry. It is extremely 
strong in Europe and within the phenomenological school of American 
thought. But of what value is it when we come to questions of modem 
existence? Heidegger is not of our age or our culture. He belongs to a time 
gone by and was confused by the transformations it was experiencing - more 
confused even than we are today. In an attempt to overcome that confusion, 
Heidegger invented a language and a philosophical methodology which is 
obscure and idiosyncratic, making his work impenetrable, which is the 
opposite of mind expanding. 

These comments are concerned to worry a single point. By relying on 
dubious sources and by appealing to obscure and - from the viewpoint of the 
philosophy of technology - irrelevant views, how does Ferre accomplish his 
announced task of clarifying the foundations of the philosophy of technol
ogy? The aim of clarification is not to be achieved by laying out a range of 
confused and incomprehensible views in the name of mental enlargement. 
Clarification requires careful explication and examination by example. And 
even if this were done, how such an examination of a truncated Marx, a 
befuddled Fuller, an outdated Marcuse, and an impenetrable Heidegger 
serves to clarify the foundations of the philosophy of technology is not in the 
least bit obvious. 

The entire question of which philosophers to use as exemplars in a 
discussion of technology and modem existence might be answered by simply 
dropping the topic. What kind of a philosophical question is being asked 
here? Of what value is a bright or a somber view of technology without in-
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depth case studies of particular problems associated with discrete tech
nologies and technological developments? Finally, is it really fair to those 
also interested in the overall impact of technology on the development of 
modem society to use a set of psychological categories like bright and 
somber to clarify a philosophical problem, assuming there is one? 

But more important, what does it mean to address a topic such as 
"technology and modem society"? The way Ferre discusses this issue leads 
us to assume there is some one thing out there called Technology. The big 
"it." But what is the justification for this assumption? When discussing Marx, 
Ferre refers to the "technological phenomenon" - note the singular. Fuller I 
will ignore despite the fact that Ferre continues to talk about technology as if 
it were an it in that context. Heidegger rumbles on about the essence of 
technology - and if there is an essence to it there must be the thing which has 
the essence. When discussing Marcuse, Ferre uses such terms as "the new 
technological repression" - without details and particulars. What is this "it" 
that represses? What do we gain by reifying technology this way? The only 
gain I can see is the ability to render grand, sweeping claims about grand, 
sweeping issues, none of which serve to clarify that which Ferre wishes to 
clarify. You do not clarify the foundations of the philosophy of technology by 
assuming the very thing under examination, the nature of technology. In short 
the reification of technology is misleading and fails to clarify anything. 

Earlier I claimed that I see the philosophically interesting questions about 
technology to concern the decisions we make about technological enterprises. 
The main problems are the nature of the knowledge and the values we use to 
make decisions about the development and implementation of technological 
projects. Chapter 6 of Ferre's Philosophy of Technology is titled "Ethics, 
Assessment and Technology," and it might be thought that it would be 
concerned with material appropriate to the project of clarifying the founda
tions of the philosophy of technology. Unfortunately it is not. The chapter 
begins with the following statement, "Before proposing any ethical critique 
of modem technologies or raising specific questions for ethical discussion, 
we need to review our available resources and pause to remind ourselves of 
what such a critique can and cannot hope to accomplish" (p. 75). My question 
is, why is Ferre setting the discussion in this ethical framework? If the 
objective is to clarify the foundations of the philosophy of technology, why 
are we now embarking on an ethical critique of technology? Ostensibly the 
reason is to contrast ethical critiques with other sorts of assessment, such as 
cost-benefit analysis. But how does this sort of contrast of types of assess
ment clarify the philosophical foundations of technology? 
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What Ferre actually gives us is a truncated and rather simple-minded 
theory of value (resulting in such profound principles of evaluation as "Do 
not destroy good," "Try to create good," and "Be fair") followed by an attack 
on cost-benefit analysis, followed by a list of ethical problems for tech
nologies. There is nothing wrong with examining ethical issues raised by 
technological advances and innovations. It is however deeply misleading and 
far from clarifying to assume that ethical critiques of technology are superior 
to cost-benefit analyses, especially when such critiques are based on such a 
meager theory of value. The situation here is further aggravated by the series 
of non-sequiturs Ferre uses in place of full scale arguments. Before taking a 
look at some of Ferre's claims about cost-benefit analysis, it should be noted 
that cost-benefit analysis has been criticized by others (see Shrader-Frechette, 
1985). It is not a perfect method and has a number of problems, some of 
which Ferre correctly identifies, even when his arguments are less than 
convincing. 

Ferre's first objection to cost-benefit analysis concerns the difficulty of 
placing numerical values on ethical considerations. This is certainly a 
problem, but no more so than trying to decide between any two goods when 
only one can be achieved and each is of sufficient importance not to ob
viously outrank the other. In short, it is not a problem peculiar to cost-benefit 
analysis, although Ferre would have us think that to be the case. But, what is 
worse is that from his worries here he derives a totally unwarranted conclu
sion. "Quantification and monetization of goods and harms in cost- and risk
benefit analysis tet:ld, accordingly, to bias decisions toward present exploita
tion of opportunities and against the values of conservation for the future" (p. 
82). Aside from the fact that no argument is given for this claim, it is false. 
Sliding over the complexity of the issues involved here, Ferre has con
veniently ignored the' difference between short term and long term considera
tions and he has not allowed that decision-makers can discuss such dif
ferences reasonably, which they can and do. Likewise with his claims about 
the value of human life. Why are decision-makers who employ some 
quantitative methods less able to make value judgments about human life 
than anyone else? The answer is not given, but the claim is nonetheless made. 

The difficulty with Ferre's account of cost-benefit analysis, and his later 
discussion of the inability of such analyses to apply something called the 
Principle of Justice, is that he attempts to leave the reader with the conclusion 
that only formal quantitative approaches to assessment are fundamentally 
flawed. Honesty, if nothing else, requires that we note that all the ethical 
systems in the world taken together have not corrected the same problems 
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Ferre faults cost-benefit analysis for. This is not to defend cost-benefit 
analysis. As noted earlier, some of the problems Ferre points to are legitimate 
ones. What these objections are designed to point out is that Ferre has not 
presented the case for these various types of assessment in a manner which 
clarifies their roles. Properly restricted, cost-benefit analysis is concerned 
with predictions of outcomes given a certain knowledge base. It can even be 
used to rank order outcomes in terms of preference if the values employed in 
the analysis can have their rank order and relative importance agreed upon, 
which is not to say that it is possible. Ethical assessments of technological 
projects are not concerned with the knowledge base for the projections, 
except to point out that it is always insufficient for any completely accurate 
judgment. The role of ethical assessment is to raise questions about the 
quality of life and the overall character of the change such projects can 
introduce into social systems. There is a proper role for each. But they do not 
operate at the same level (see Pitt, forthcoming). 

Now I would like to tum to the final two chapters of Ferre's Philosophy of 
Technology and ask why they are there. In the chapter on Technology and 
Religion we find Ferre addressing such earthshaking topics as Technology 
and Original Sin and "the tool and the tao." Frankly I am bewildered. If his 
objective here is merely to rehearse a variety of religious attitudes toward 
technology, that is all well and good but does not belong in a book that aims 
to clarify the foundations of the philosophy of technology. That is, unless we 
have a profound confusion here between philosophy and theology. This I 
suspect may in fact be part of the problem. For it is clear that religious 
concerns overwhelm Ferre's account throughout the book. We note this from 
the beginning when the story of Abraham and Isaac is used to exemplify 
issues in axiology. Shortly thereafter we find Ferre talking about how 
axiological questions in metaphysics would raise questions about god. The 
chapter, Ethics, Assessment and Technology, is replete with biblical ex
amples, something I found particularly offensive. We have spent several 
hundred years working to disentangle legitimate questions of moral concern 
from the perspective of religious dogmatism. I see no reason to confuse the 
two now. 

Finally we tum to Ferre's last chapter for which the topic is technology 
and metaphysics. The topic seems to follow from Ferre's use of such 
expressions as "the reality of human freedom in the face of apparent tech
nological determinism." See what happens when you reify technology - now 
we have technological determinism! So, clearly, when faced with deter
minism we must talk about human freedom, a classical topic in metaphysics. 
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In short, the topic and the discussion is consistent with the position that 
accepts the reification of technology and the grand view of history. But where 
is the evidence for technological determinism? How does the introduction of 
such assumptions clarify the foundations of our thought on these matters? In 
point of fact, the indiscriminate introduction of such unchallenged assump
tions has just the opposite effect. It not only fails to clarify, but locks the 
character of our thinking about technology into a rigid and unproductive 
framework. Unfortunately, Ferre once again returns to Galileo - and since we 
have already spent some time on Ferre's problems with characterizing 
Galileo clearly, let us forget about metaphysics, freedom, and mechanistic 
models of man and see what we can do by way of summary. 

How can you write a book about the philosophy of technology and not 
discuss in detail either engineering or science? How can you write a book 
about the philosophy of technology and worry primarily about religion and 
metaphysics? These questions have troubled me deeply after having studied 
Ferre's Philosophy of Technology with some care. The answer to these 
questions requires that we step back from the specifics of my worries and try 
to consider the problem in a more general mode. The issue between 
philosophers who fall into Ferre's camp and those who might agree with me 
resembles the kind of issue that has for some years divided historians of 
science. For some time now there has been some question as to whether one 
should concentrate On the specific activities of a single scientist, reading his 
working notes and his correspondence and then trying to reconstruct his 
scientific biography., or whether one should broaden one's perspective and 
consider the social climate and the forces acting within it on the individual in 
question to explain why he or she did what they did. That is, do we try to 
explain the scientist's behavior by examining only what he said and did or do 
we look to social factors for that explanation? The battle here is between 
internalists and externalists, with the externalists being the social factor types. 

In an earlier version of these comments given at the symposium on Ferre's 
book sponsored jointly by the Society for Philosophy and Technology and the 
Society for Process Philosophy in Washington, D.C., in December, 1988, I 
proposed that we see the two major divisions in the discussion about how to 
do the philosophy of technology as reflecting a similar difference regarding 
scope and method. I argued as follows: 

What Ferre wants to do is look at questions about technology from an intellectually 
global perspective. He sees questions about technology as having importance beyond 
the immediate problem of a polluted river. For him, and for the extemalists in general, 
we cannot isolate technology from the overwhelming fact of the human condition. 
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Thus, we need to address the problems of technology from that perspective. To do this 
means we push the horizon back from the petty problems of daily existence to 
questions about the overall fate of humanity. It is in this context that we can at least 
see how or why one might want to address the problem of the global relation between 
technology as the product of man's activity and religion as the product of man's fear 
of the unknown. 

But to see technology from these Olympian heights does not mean that we have 
exhausted the philosophical problems it presents. There now, you have me doing it
talking about technology as an it! There are also philosophical questions that require 
an internalist's perspective. By this I mean, there are questions that legitimately arise 
when we consider specific technological activities. For example, when attempting to 
calculate the probability that a given means of disposing of nuclear waste will protect 
the environment, one has to ask questions about the relation of evidence to hypothesis, 
about the character of the knowledge claim that is being made, as well as about the 
morality or value of disposing of waste in that way. In fact, before one can ask the 
moral question, one has to ask questions about the concept of confirmation being used 
and about the concept of knowledge being employed. Is knowledge about technologi
cal phenomena different from knowledge about other sorts of things? And the answer 
to this question from an internalist's point of view cannot proceed from some apriori 
conception of technology written large because that would beg the question. 

Now just as it ought to be clear that one cannot write adequate history of science 
by ignoring either the scientists or the circumstances in which he or she worked, it 
seems clear that an adequate philosophy of technology has to take account of both 
externalist and internalist concerns. In conclusion, then, my major quarrel with Ferre 
comes from his failure to acknowledge the internalist program as a philosophically 
legitimate component of the philosophy of technology. Perhaps now we can work 
toward a means of achieving such a goal. 

Ferre rejected this proposal, asserting the necessity for metaphysics but not 
explaining how that clarifies the foundations of the philosophy of technology. 
In place of my previous proposal, which I now too reject - because through 
Ferre's response it was obvious that in matters of intellectual honesty one can 
give no quarter when faced with dogma - I now suggest the following. If 
philosophy and philosophers are to be of value we must talk to the world in 
which we live. That means our account of technology must be sensitive to the 
very field Ferre left out of his taxonomy of philosophical fields, history; 
otherwise how can we claim to know what it is or how it came to be that 
way? Our critical views on technology must be informed by as complete a 
knowledge of its history as possible including its impact on the various 
aspects of human society. We must come to technology through history and 
only then can we ask the important philosophical questions concerning the 
nature of technological knowledge and worry about the proper means of 
assessing technological projects. An historical approach to understanding the 
roles technology has played in human evolution will force us to abandon talk 
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about Technology as a single thing and will expose the bankruptcy of such 
notions as technological detenninism. Only then will we see that just as the 
criteria for scientific knowledge have changed over time, so too has our 
understanding of what constitutes technological knowledge. We will see that 
attempts to box technology into a single kind of thing fail as new social 
technologies emerge with their own set of problems and concerns. To be of 
philosophical value we must abandon apriori metaphysical characterizations 
of technology and anything else, stop relying on superstitious religious 
values, and get to work learning about the thing we wish to understand. This 
is not to deny that we come to the study of anything with certain assumptions 
already in place. But the key to good scholarship and learning is that we 
allow those assumptions to be changed in the face of new knowledge. In 
short, it is time we undertook the clarification of the foundations of the 
philosophy of technology in context, where it means something. 

Virginia Polytechnic Institute and State University 
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FREDERICK FERRE 

DEFINING HORIZONS: A REPLY TO JOSEPH C. PITT 

Joseph C. Pitt has written "harsh words," as he recognizes, against my book 
and against the entire philosophic enterprise it represents. Since fire must 
sometimes be fought with fire, I suppose my response will also sound harsh. 
This is not my accustomed tone, but for the issues between us to stand out as 
sharply as their importance requires, such straight talk from me is un
avoidable. 

First I must reject Pitt's bizarre characterization of my purposes in writing 
this book. He portrays me as seeking the role of a new Prometheus and then, 
having chained me to that rock, he sets to ripping at my entrails. Thanks for 
the honor, but no thanks. My purposes were much less titanic. 

What I was invited to do by Prentice-Hall was to write a concise textbook 
in the Foundations of Philosophy series, designed to be useful in many 
classroom contexts. Like all the other titles in the Foundations of Philosophy 
series, Philosophy of Technology is meant to be used in connection with other 
books. Sometimes it will be used in advanced philosophy courses to tie issues 
together that will then be developed in greater depth; sometimes it will be 
used in introductory philosophy courses, perhaps with other Foundations of 
Philosophy texts, to layout one topic among a series of topics; sometimes it 
will be. used in general interdisciplinary courses, like "Western Civilization" 
or "Issues of the Modern World"; and sometimes it will be used outside the 
liberal arts altogether, as in alert schools of engineering (like the two where I 
have myself taught), where faculty and students try to get a handle for 
reflection on what they are doing. 

Preparing a book for such varied uses is a difficult assignment to write to, 
but worthwhile. It requires the author to aim at the high points, remaining 
clear and accessible but always being much more succinct than anyone might 
wish. This motivates an author to reflect on and display the essentials. That is 
just what I tried to do, and it turns out that my choice of essentials is exactly 
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what Joe Pitt so strongly dislikes. What he opposes is my decision to try to 
show that philosophy of technology has matured beyond a collection of 
specialized sub-disciplines and now can take its place within the mainstream 
of philosophic interests. 

This latter was the other primary purpose of the book. It is not only a 
textbook offered for use by other educators, it is also an extended argument 
for the integrated reconsideration of philosophy of technology, to be treated 
like any other "philosophy of ... " topic, by other philosophers. Perhaps in 
attempting this I was, after all, taking up an immodest, if not Promethean, 
task. But it seems that the time is right for insisting that the urgent questions 
raised by technology can be illuminatingly set into the horizon-defining 
philosophical topics of methodology, epistemology, axiology, and 
metaphysics. In aiming at this I never considered that I was stealing anything 
from anyone but, rather, adding something useful: not fire from heaven, 
perhaps, but a little light from the philosophical tradition. 

In this context it strikes me as strange that Pitt complains that I "neglect" 
the history of philosophy. On the contrary, my aim was to bring the full 
history of philosophy into living contact with philosophy of technology. 
History of philosophy is of course not parallel, logically, with the four great 
philosophical domains of methodology, epistemology, axiology, and 
metaphysics. All four have their own histories of development. Inquiries in 
all four domains can be pursued systematically, not only historically, which is 
why there can be philosophy of history as well as history of philosophy. But 
to this topic I shall return at the end. 

II 

Before then I need to expose and rebut a few ofthe worst examples of Pitt's 
inaccurate allegations about my text. He has removed from his present 
printed version the specific, glaring errors I pointed out at our December 
encounter, but unfortunately there was no practical way then (nor is there 
even now) for me to be comprehensive. Therefore his next layer of out
rageous statements remains to be challenged. For the reader's convenience, I 
shall take up his assertions not in any logical order but in the order of his 
somewhat jumbled presentation. 

(1) Pitt suggests that my own way of characterizing philosophical 
questions about technology is mainly in tenns of "bright or somber visions" 
(this volume, p. 10) of technological influences on society. This is not the 
case. The chapter that offends Pitt, presenting four dialectically interrelated 
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positions on the overall social impact of technology, is not even introduced 
until the half-way point of the book. By then the methodological and 
epistemological chapters have shown how I prefer to characterize philosophi
cal questions of those sorts; and by then I am about to tum to axiology. 
Chapter 5 - which begins with Karl Marx, summarizes the views of Buck
minster Fuller and Martin Heidegger, and ends with Herbert Marcuse (who, 
as a Marxist Heideggerian with Fuller-like confidence in the powers of 
technology, illustrates the possibilities for tightly integrating apparently 
conflicting extremes) - is presented without any critique, positive or nega
tive, from the author. These ways are not my ways of doing philosophy of 
technology, but they have been important ways for many people in recent 
decades; a book purporting to provide the highlights of our field for multiple 
purposes would be deficient if this approach were not even presented. Indeed, 
in my own classroom work in this subject I have found that students are 
roused to vigorous discussion by considering these alternatives, and also that 
they discover after a while that these "visions" are not enough to rest on. 
This, as well as accurate reportage, was the point of providing the chapter. 
Considering such large, conflicting views not only adds breadth of possible 
viewpoints but also helps convince students of the need for more precise 
methods of assessment and critique. This is what I tried to say iR the last 
paragraph of that chapter: 

Without alternative visions, our minds tend to be locked, without our knowing it, 
within narrower outlooks based on more limited experience. The assessment of a great 
issue needs to begin With a recognition of the spread of choices that can and must be 
made. Then, when our minds have been opened to the breadth of possibilities, we are 
better prepared for the careful process of critique (Philosophy of Technology, p. 74). 

Unfortunately, Pitt does not seem to value this sort of opening for his 
students' minds, or - by the look of it - for anyone else's. I hope other 
readers will have a more favorable response to what I was up to in that 
chapter. 

(2) Pitt claims that I merely "nod" in the direction of the decisions we 
make about the development and implementation of technological projects. 
He says that "it is clear that the kinds of concerns just listed are not those of 
Ferre" (p. 4). But how can he justly say this when I devote the longest chapter 
in the book exclusively to such concerns? True, in a book of this kind I had to 
settle everywhere for a sharply curtailed discussion. But that curtailment is 
required of all the Foundations of Philosophy books. In the context of that 
constraint, I offered a short but essential outline of an ethical theory, a 
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succinct critique of traditional cost-benefit thinking, and an application of 
ethical assessment in exemplary, discussion-starting ways to specific 
technological issues like automation, computers, nuclear energy, technology 
transfer to developing countries, and genetic engineering. That hardly strikes 
me as a "nod." Was it Pitt's attention that nodded at this point? 

(3) Pitt attempts to show "lack of unity" (p. 4) in the book by listing the 
chapter titles and professing bewilderment. If he had read the first chapter 
more closely, he would have realized that the plan of the book had been 
explicitly stated: 

The plan of this book can now be summarized in light of all that has been said so far. 
Chapter 2 will continue the present focus on methodology and critical clariflcation, 
both on the definition of technology itself and on the logical character of our job in 
doing that defining. Chapters 3 and 4 explore aspects of epistemology raised by 
technology insofar as modern technology rests on types of knowledge, both practical 
and theoretical. Chapter 5 presents four general visions of distinctively modern 
technology, as we exist within it. Chapters 6 and 7 then pursue principally issues in 
axiology, discussing the implications of technology for ethics and religion. Finally, 
Chapter 8 carries certain of these issues to the level of metaphysics, on which, with a 
speculative look to the future, the book concludes (Philosophy of Technology, pp. 
12-13). 

There are, I submit, few books that declare their plan and structure so plainly 
and so early. How could Pitt claim bafflement over the book's organization 
after that? 

(4) Even more astonishing is Pitt's related claim that after the first 
taxonomical chapter "no further effort is made to talk about technology and 
epistem010gy, at least in any clear sense of epistemology" (p. 5). How can 
anyone who has read with any attention the two chapters (3 and 4) dealing 
with practical and theoretical knowledge, their contrasting natural domains, 
their competing standards of success, their intimate interconnections and 
mutual influences, and their final unity, make such a statement? Perhaps Pitt 
would appeal to his "at least in any clear sense" escape clause. But since he 
has not himself given any alternative "clear sense" of epistemology, we are 
unable to understand his complaint. 

(5) In the same astonishing paragraph, Pitt claims further that the book 
"virtually ignores the question of the relationships between science and 
technology ... " (p. 5). This frankly brings me from astonishment to stupefac
tion, since the main point of chapters 3 and 4 was, at bottom, to iIIuminate the 
mutual repulsions and attractions between science and technology. I admit 
that I tried to go about this while avoiding the hackneyed cliches that Pitt 
may have been expecting. But I explain this tactic clearly: 
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Some readers may have wondered why there have to this point been so few uses of the 
word "science." This has been no accident. It is too easy to say that "science" is the 
secret of the vast development of technology in the modern world. It is also too simple 
to say that technology is the key to modern science. Both statements are partially true 
and partially false. Modern science, as it has developed since the seventeenth century, 
is the joint product of theoretical and practical intelligence, and so is modern 
technology. Neither gave birth to the other. They are non-identical twins of the same 
parents (Philosophy o/Technology, p. 44). 

The position announced in that paragraph is repeatedly defended. I find it 
extremely difficult to understand how Pitt could have missed it. 

(6) Pitt's next claim is that I hold a position exactly the opposite of the one 
I explicitly argue for. He seems to think he is saying something contrary to 
my (and Whitehead's) position when he announces that students of history 
will find "that there is no theoretical intelligence simpliciter, just as there is 
not practical intelligence pure and simple" (p. 5). Exactly! That is one of 
Whitehead's theses in The Function of Reason and it is mine also in this 
book. For purposes of preliminary analysis it may be illuminating to note the 
internal oppositions between intelligence used for practical purposes and 
intelligence used for theoretical goals; but at last one must acknowledge that 
intelligence is a unified function. That was indeed the concluding theme of 
the two epistemological chapters, which I stated bluntly in the opening 
paragraph of the section entitled (in bold face) "Intelligence United": 

Despite the usefulness of our key distinctions between practical and theoretical 
intelligence and between technology and science, we must not forget that in the real 
world these distinguished aspects of reality are not finally separated. They are 
interactive in various ways, and in the end their interactions are the most important 
thing about them (Philosophy o/Technology, p. 48). 

(7) Two more brief rebuttals should be enough. Pitt says (p. 11) that I 
"assume" that ethical critiques of technology are superior to cost- and risk
benefit analysis. No. I argue for this superiority. I patiently show how 
quantification, monetization, "shadow marketing," etc., leave vital matters 
out of account or lead into conceptual problems. Similarly, he says that "no 
argument" is given that the practice of quantification and monetization of 
goods and harms tends to bias decisions in favor of near-term exploitation 
and away from conservation. But in the very paragraph from which Pitt 
quotes my conclusion, an argument was clearly given, showing how in a 
monetized context interest rates, linked to discount rates, lead to the discount
ing of future values in direct proportion to the interest rate. Given any interest 
rate, the bias is to realize potential returns before future dollars drop to 
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negligible values. Pitt says that my claim is false. I doubt that; but, be that as 
it may, what is demonstrably false is his statement that I offer no argument. 

III 

Let me now move from particular defenses and counterattacks to a short 
consideration of the real battle between Pitt and me. This has less to do with 
his sloppy reading of my book than with, as he says, "what a book about the 
philosophy of technology should address" (p. 3). It has to do with our 
approaches to philosophy itself. 

My approach to philosophy is open to a variety of efforts and methods. 
My own favorite philosophers are Socrates, Wittgenstein, and Whitehead. 
The one thing I insist on is that philosophical thinking must be both critical 
(intelligence self-controlled by method which we call logic) and situated 
within the comprehensive horizons of questions that break through every 
effort to make them narrow. I have given my arguments for this in the first 
chapter of my book and will not repeat them here. Not every philosophical 
issue needs to be itself comprehensive in this sense, but every issue, if it is 
raised philosophically, needs to be able to be related to such comprehensive 
horizons as: "What is it to be known at all?" "What is it to be valuable at 
all?" "What is it to be real at all?" 

Pitt, at the December meeting, suggested a "compromise" in which, as I 
interpreted it, the critical side of philosophy of technology could go off to do 
its thing unencumbered by the comprehensive side. I rejected that as a 
"separate but equal" proposal that would, if accepted, mean the death of real 
philosophy of technology. Thinking does not qualify as philosophy just by 
being comprehensive; it has to be critical in the highest degree. But thinking 
does not become philosophy just by being critical; it is distinguished as 
philosophy from other critical fields by the inescapably comprehensive 
contexts of its questions. To isolate the critical from the comprehensive as a 
temporary matter, perhaps while at work on a particular problem, is perfectly 
legitimate as long as it is recognized for the expedient it is - an acknowledg
ment of human cognitive finitude - but a permanent Jim Crow society of 
philosophers of technology would be intolerable. 

Now Pitt has thought better of his proposal. Instead, he is offering another 
way of defining the horizon for philosophy of technology, not through the 
traditional issues of philosophy but through history. As I said earlier, I have 
no quarrel with history. Its study is also comprehensive in its own way. 
Everything in time can be treated historically. And the historical way of 
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defining the horizon for a subject can be wonderfully illuminating. History 
may not be entirely free of a priori elements, as Pitt seems to think, but it can 
be used in ways, as we have seen in recent revolutions in philosophy of 
science, that can challenge old dogmas in salubrious ways. 

Still, philosophy of technology must not be satisfied to let its final 
horizons be defined by history. The essential questions of philosophy will not 
be side-stepped. They have their own history and they transcend that history. 
"What is historical knowledge?" "How does that kind of knowledge relate to 
other sorts of knowledge?" "Are values simply historical?" "What are the 
values we seek in studying history?" "Are any values permanent?" "Is there 
anything real outside of time?" "Is the past in any sense real?" "Does the 
future somehow 'tenselessly' exist or is it being constantly created by present 
events?" 

Pitt has come a constructive distance from his first proposal. He no longer 
recommends that philosophers of technology settle for split-brain vision. He 
now urges us to search for historical coherences. If he keeps moving toward 
these wider horizons he may yet discover philosophy. 

University o/Georgia 



PETER LIMPER 

PROCESS THEMES IN FREDERICK FERRE'S 

PHILOSOPHY OF TECHNOLOGY 

One of the distinctive features of Frederick Ferre's recent book, Philosophy 
of Technology (PT),1 is its affinity with process thought and its use of some 
specific concepts from Whitehead's philosophy. In the following discussion I 
shall focus on an explication and critical examination of this aspect of Ferre's 
book. 

I should note at the outset that this book does not present a systematic and 
detailed exposition of Ferre's own views. In a rather brief compass he 
attempts to introduce the reader both to philosophy and the philosophy of 
technology, and to summarize the ideas of a number of representative 
thinkers concerning technology. My account of what I take to be Fem~'s 
position on the topics I discuss will necessarily involve a certain amount of 
interpretation and "reading between the lines." 

ULYSSES AND PLATO 

The influence of process thought is most obvious in Ferre's third and fourth 
chapters, entitled "Technology and Practical Intelligence" and "Technology 
and Theoretical Intelligence." Here he draws heavily upon Whitehead's 
discussion, in The Function of Reason (FR),2 of the distinction between 
"practical" and "speculative" reason, the "Reason of Ulysses" and the 
"Reason of Plato." Not only the distinction itself but much of the characteriza
tion of the two types of reason is directly based on Whitehead's account. 
Practical reason or intelligence is said to be interested rather than impartial, 
concerned only with what works and with a sufficiently detailed understand
ing to "get the job done." It "knows no other standard than success," and is 
"often 'tacit' about its premises and assumptions" (PT, pp. 39-40; cf. pp. 
34-35). Its value is instrumental, rather than intrinsic (PT, p. 35). Theoretical 
intelligence, on the other hand, is said to be "(a) disinterested, (b) curious 
about what is so and why methods work, (c) concerned for detail, (d) highly 
self-critical, and (e) explicit" (PT, pp. 38-39). It has intrinsic value, and "its 
own aesthetic as well as ethical imperatives" (PT, p. 35). 
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Ferre has already defined technology as "practical implementations of 
intelligence" (PT, p. 26). Thus the reader may be tempted at first to assume 
that practical intelligence alone is to be associated with technology, and 
perhaps that speculative or theoretical intelligence is to be identified at least 
in part with science. Ferre's account is more subtle than this, however. He 
recognizes (as does Whitehead) the complex interplay between theory and 
practice which is characteristic of both modern science and modern technol
ogy. Modern technology has "outfitted Plato with the tools of Ulysses," the 
technological "instruments and apparatus" that have characterized scientific 
research from the time of Galileo (PT, pp. 44--46). At the same time, science 
has "expanded Ulysses' vision with the perspective of Plato" in modern 
science-based technology (PT, pp. 46-48). The result has been the union of 
theory and practice in what Ferre calls "techno-scientific thinking," which 
dominates contemporary life (PT, pp. 49-53). 

A number of questions can be raised concerning the above account. I will 
focus on three. (1) Is the role of theoretical intelligence in technology 
overstated in Ferre's discussion? (2) Is theoretical intelligence always 
"disinterested" and "explicit," or should it be? (3) Can human intelligence 
always be characterized as either practical or theoretical in Ferre's (and 
Whitehead's) sense, or is there some other type of "intelligence" which is 
particularly important in thinking about the social implications of technol
ogy? 

(1) Philosophers dealing with technology from several different perspec
tives might question the real importance of theoretical intelligence in 
technological society. As Ferre himself points out: 

A strong theme in Marx's thought ... is the primacy in human life and history of the 
Reason of Ulysses .... For the real driving force in history, look to the material 
challenges and conditions of life, particularly to the universal needs of living things to 
provide for their own subsistence. These needs and our methods of meeting them are 
in human terms the economic realities. It is these realities which stimulate the 
responses of Ulysses. They are what actually rule the world, however much the fact 
may be disguised by the glib-tongued Plato (PT, p. 55). 

From the standpoint of pragmatism, John Dewey has also argued that in the 
modern period "the method of changing the world through action" has taken 
primacy over the older "quest for certainty" which characterizes the tradition 
of purely theoretical reflection.3 Finally, we may note the phenomenological 
analysis of Don Ihde in "The Historical-Ontological Priority of Technology 
over Science." Ihde argues for a "materialist" interpretation of science and 
technology which holds that modern science depends not only on technologi-
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cal instruments but on a "technologically mediated basic experience" and a 
"basic praxis within a life world, a praxis which inclines or predisposes us 
toward what becomes a scientific world view."4 Here again, the practical 
perspective is seen as not only prior to but in at least one sense more 
fundamental than the theoretical. 

All of the above accounts of the relative roles of the practical and 
theoretical are themselves open to debate. Whitehead, for example, would 
respond to Dewey with the assertion that pragmatism takes insufficient 
account of the fact that "there is a strong moral intuition that speculative 
understanding for its own sake is one of the ultimate elements in the good 
life" (FR, p. 30; see PT, p. 35). The point is, however, that when Ferre 
follows Whitehead in making a fairly sharp distinction between two 
"functions of reason," and in characterizing modern technological thinking as 
"theory based practical intelligence" (PT, p. 38), he may be begging an 
important question concerning the role of purely theoretical or speculative 
reasoning in the development of modern technology. 

(2) From the three philosophical standpoints just mentioned, questions 
might also be raised concerning the "disinterested" nature of theoretical 
reasoning. A Marxist critique would claim to show that such reasoning 
always serves a hidden class interest. Pragmatists and phenomenologists 
would argue that all reasoning is "interested" in another sense, since it is 
grounded in some concrete human concern. 

The claim that theoretical intelligence should aim for total explicitness of 
understanding might also be seen as problematic. Ferre acknowledges that 
"highly intelligent activities, like flying an airplane, may be better done 
without excessive explicitness of the principles embodied in the activity," but 
asserts that "for theoretical intelligence ... there seems to be no limit to the 
benefits of explicitness" (PT, p. 34). An important recent challenge to this 
view comes from some critics of artificial intelligence (AI) research, with its 
assumption that human reason can be completely formalized on the model of 
a computer program. Joseph Weizenbaum, for example, bases his critique of 
AI in part on the assertion that the most fundamental human wisdom can 
never be fully articulated; he quotes with approval Ionesco's statement that 
"not everything is unsayable in words, only the living truth."s Hubert 
Dreyfus (along with his brother, Stuart Dreyfus) has also argued that, unlike 
computers, human "experts" do not follow rules that either are or could be 
fully explicit. He sees this specifically as a challenge to the "reason of Plato," 
that is, to the philosophical tradition begun by Plato, who "followed Socrates 
in thinking of wisdom as whatever could be spelled out in explicit principles 
or definitions."6 
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The important issue here, I think, is not whether some sorts of thinking 
exemplify "the reason of Plato" as articulated by Ferre and Whitehead; 
clearly they do. As Dreyfus notes, mathematical thinking is paradigmatic of 
this sort of reason. The more fundamental question is whether Plato and 
Ulysses between them exhaust the alternatives. This brings me to my third 
point. 

(3) Both Ferre and Whitehead are rather hard on Ulysses. As Ferre 
remarks, "He does not ask what is fair to the Cyclops or what precedents for 
the long run he may be setting with Circe" (PT, p. 39). And Whitehead states 
that, 
Some of the major disasters of mankind have been produced by the narrowness of 
men with a good methodology. Ulysses has no use for Plato, and the bones of his 
companions are strewn on many a reef and many an isle (FR, p. 8). 

Practical reason is "narrow," interested in success at any price, and often 
gUilty of "obscurantism" in resisting novelty and the questioning of es
tablished methods (PT, pp. 37-38; FR, p. 34). Yet does this mean only that it 
needs correcting by what Ferre refers to as the "gadfly sting" of theoretical or 
speculative reason? A critic might respond to Whitehead by noting that some 
of the major disasters of mankind have also been produced by the blindness 
or fanaticism of those who are totally committed to a particular theory. Is 
there some other option? 

In the discussion previously cited, Dreyfus suggests that we attend to 
another tradition in philosophy exemplified by Aristotle, who 
pointed out that underlying all explicit knowledge of the sort Plato championed there 
had to be a kind of judgment that enabled experienced practitioners in any domain to 
apply their principles to particular cases. So Aristotle said, if ~ou have an ethical 
problem, do not ask a philosopher what to do; ask a wise old man. 

The question I wish to raise, then, is whether we need to consider something 
like Aristotle's idea of political and ethical judgment as an alternative both to 
the narrow practicality of Ulysses and the speculative flights of Plato. In 
Aristotle's own terms, must we not acknowledge praxis as well as techne and 
theoria? 

Much recent philosophical discussion of technology has dealt with the role 
of ethical and social praxis in a technological society. A number of positions 
can be distinguished. At one extreme, what might be called the "technocratic" 
view asserts that praxis should be subsumed under or replaced by appropriate 
technique; the problems of modem society should be dealt with by experts 
using a "technology of human behavior."g Others argue that technique itself 
is or ought to be informed by social and ethical thinking; in the words of Paul 
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Goodman, "technology is a branch of moral philosophy. ,,9 A Marxist version 
of this position would be that with the overcoming of the exploitation and 
alienation of the present economic system it will be possible for technology 
to take its rightful place in a truly meaningful human praxis. lO Others have 
held that what Ferre calls "techno-scientific thinking" differs in kind from 
true ethical/political judgment, and see the problem of our age as one of 
recovering a genuine social praxis in the face of the increasing dominance of 
narrowly instrumental or technological thinking. 1 1 An even stronger view 
holds that social praxis as well as the practice of technology is fatally 
infected by the desire for power and domination; only by turning away from 
action to a purely non-manipulative aesthetic contemplation can we escape 
the increasing problems of modernity. 12 

Once again, my point here is not to try to decide between these various 
perspectives but to suggest that they call attention to an important issue, one 
which Ferre seems to pass over by his use of Whitehead's distinction 
between theoretical and practical. He might have found elsewhere in 
Whitehead's writings (e.g. in Adventures of Jdeas) 13 a richer account of the 
range of human thought and its relation to action. However, in neglecting the 
question of whether there is a distinctive form of social/ethical "intelligence" 
and suggesting that it is to theoretical reason that we should tum to correct 
the excesses of technology, Ferre may be reflecting a certain intellectualist 
bias which is characteristic of Whitehead and much of process thought. I 
shall return to this poinow. 

METAPHYSICS: MODELS, V ALVES, AND SOCIAL IMPLICATIONS 

At the end of his chapter on technology and theoretical intelligence, Ferre 
asserts that contemporary "techno-scientific thinking" is "open to debate" in 
two important respects: "the quest of theoretical intelligence for coherence" 
and "the demand that theory be adequate to all the data" (PT, p. 52). 
Although these issues are raised in the context of a discussion of the 
"epistemological authority of techno-scientific thinking," Ferre clearly sees 
them as having metaphysical implications, and he returns to them in his 
concluding chapter on technology and metaphysics. Here he expands on his 
critique as follows. 

First, by the incoherence of modem techno-scientific thought is meant its drive to 
specialization and analysis, splitting up problems for piece-meal attack rather than 
weaving solutions together into differentiated wholes .... Second, by the inadequacy 
of techno-scientific thinking is meant its tendency to ignore or even deny non-
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quantifiable aspects of experience and to force the reduction of subtle intuitions, like 
personal freedom ... , into the inhospitable framework of metaphysical models that 
allow them no room. From such methods of thought come modem technologies 
insensitive to the vital non-quantitative requirements of human life, like beauty and 
justice (PT, pp. 131-132). 

Having thus diagnosed what he sees as the fundamental flaws of techno
scientific thinking, Ferre makes tentative proposals for an alternative "post
modem" framework. 

He states that, "One suggestion well worth exploring is that we try to draw 
our metaphysical models from ecology, ... rather than from the physics-based 
technological models of the modem world" (PT, p. 132). He argues that 
ecology necessarily "recognizes everything as connected to everything else," 
thus countering the techno-scientific tendency to incoherence, and that it 
"cannot do its scientific work without acknowledging the rich spontaneity, 
the purposes and values, of the living world which is its subject matter," and 
therefore is "free to be adequate in framing its concepts and its models" (PT, 
p. 132). In the concluding paragraph of his discussion of "alternative 
metaphysics," Ferre explicitly associates such a metaphysics with process 
thought. 

In such ways, it may be speculated, a significantly different mode of thinking, a full 
post-modem metaphysical scheme allied to post-modem forms of science, may be a 
candidate to replace modem techno-scientific thinking with a new form of intel
ligence. The form would be more coherent, more adequate, and more oriented to life. 
This is high-flying speculation. Whitehead and his followers have done much to spell 
out such a "philosophy of organism," as Whitehead called it; but. .. little embodiment 
of the scheme has made its way into contemporary institutions (PT, p. 133). 

Although Ferre's discussion here is brief and tentative, I believe that it does 
reflect his own preference for a "post-modem metaphysical scheme" allied in 
some way with process thought. 14 In discussing this view, I will not directly 
question his assumption (which in many ways I share) that such a scheme 
would be superior in important ways to the implicit metaphysics underlying 
the contemporary techno-scientific worldview. Rather I will raise certain 
questions and problems concerning the viability of such a scheme in the 
current context. 

(1) Ferre's suggestion that we "draw our metaphysical models from 
ecology" is certainly consonant with his advocacy of a process perspective. 
Although Whitehead did not (to my knowledge) make use of the term 
"ecology," he could obviously be called an ecological thinker in his stress on 
the mutual relations at all levels of organisms and environment. However. 
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Ferre himself provides a cautionary note when he points out that "even 
ecology itself may eventually become a domain for reducers and analyzers" 
(PT, p. 134). Certainly the tendency in much of biological science today can 
be seen as one of reduction and analysis; one thinks, for example, of the 
project to map the human genome and to associate particular physical and 
even behavioral characteristics with specific aspects of human DNA. 
Furthermore, as Ferre notes in an earlier chapter, developments in biotechnol
ogy and genetic engineering raise questions about the extension of the 
reductive and manipulative approach of modem technology to life itself (PT, 
p. 95). All in all, it seems to be an open question whether a non-reductive 
ecological perspective will retain sufficient significance to serve as a model 
for an organic metaphysics. 

More broadly, Ferre's own very interesting discussion of the important 
role of models in metaphysical thinking (PT, pp. 121-123) brings to mind the 
question of whether the modem "techno-scientific" landscape provides any 
readily accessible models for a process metaphysics. Whitehead himself drew 
on concepts from quantum mechanics and relativity in support of his 
metaphysical vision (see, e.g., Science and the Modern World,I5 chapters 
6-8). It is my impression that developments in physics since his time support 
or at least do not contradict that vision. However, neither quantum physics 
nor the devices based on it (such as the transistor) are well understood even 
by most educated individuals today; the more "visible" and comprehensible 
technologies of the modem world (such as the airplane) still exemplify 
principles of classical mechanism. Again, as Ferre points out, "the dominant 
technology for current imagination is ... the electronic computer" (PT, pp. 
127-128), particularly as it suggests a model for understanding the human 
mind. Certainly the concept of mind as a rule-based information processing 
system does not seem to cohere well with the Whiteheadian notion of it as a 
sequence of living occasions of experience. Furthermore, as Ferre notes, the 
computer model of mind seems to have no place for genuine freedom or 
creativity, which in Whitehead's view are fundamental aspects not only of 
human mind but of the "actual occasions" which are constitutive of all of 
reality. 16 

It seems that contemporary science and technology offer few models that 
unambiguously support a Whiteheadian "philosophy of organism." Perhaps 
this is one reason for the fact, noted by Ferre, that such a philosophy has 
found "little embodiment in contemporary institutions," if indeed the 
availability in ordinary thought and experience of appropriate models for a 
metaphysical system has something to do with its wide acceptance. On the 
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other hand, it is not obvious that this must be the case, or that, even in a 
technological age, such models must be drawn from science and technology. 
Also, both the future course of many scientific and technical developments 
and their possible impact on philosophical thinking are uncertain. I would 
suggest that there is a challenge and an opportunity for philosophers sym
pathetic to process thought to seek out and articulate contemporary models 
which support their metaphysical perspective. 

(2) Ferre states that one measure of the "inadequacy" of "techno-scientific 
thinking" is its "insensitivity" to such value concepts as "beauty and justice." 
With this Whitehead would certainly agree. In a discussion of the beginnings 
of the industrial era in Science and the Modern World, he commented on the 
bad effects of what he would later call the metaphysical fallacy of "vacuous 
actuali ty . " 

The assumption of the bare valuelessness of mere matter led to a lack of reverence in 
the treatment of natural or artistic beauty. Just when the urbanization of the western 
world was entering upon its state of rapid development, and when the most delicate, 
anxious consideration of the aesthetic qualities of the new material environment was 
requisite, the doctrine of the irrelevance of such ideas was at its height (SMW, p. 281). 

For Whitehead, of course, beauty or aesthetic quality is the fundamental 
value concept. Certainly any process metaphysics would be sensitive to the 
importance of beauty and critical of the continuing disregard of aesthetic 
quality as a significant value in technological society. Rather surprisingly, 
Ferre's own discussion of "intrinsic" or "nonmoral" goods does not draw on 
process concepts of value but is based on Abraham Maslow's account of the 
hierarchy bfhuman needs (PT, pp. 76-77). 

In the passage just quoted, Whitehead also speaks of the "limited moral 
outlook" of the nineteenth century and suggests that it too is rooted in an 
inadequate metaphysics. 

The doctrine of minds, as independent substances, leads directly not merely to private 
worlds of experience, but to private worlds of morals .... Accordingly, self-respect, 
and the making the most of your own individual opportunities, together constituted 
the efficient morality of the leaders among the industrialists of that period (SMW, p. 
281). 

By implication, abandonment of the idea of independent substances (the 
"fallacy of simple location") in favor of a Whiteheadian organic philosophy 
would help to overcome the "limited moral outlook" of individual self
interest, and presumably support a more just society. 

It is not clear, however, how much help there is to be found in 
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Whiteheadian philosophy in dealing with specific questions of justice, 
particularly as these arise in relation to modem technology. Ferre notes three 
issues which are often ignored in conventional technological decision 
making: the need to be concerned for distributive justice, for 
intergenerational justice, and for ecological justice (PT, pp. 84-85). Let us 
consider the last point first. Ferre notes that, "Our views on how much within 
nature deserves to be given ethical respect will depend on our metaphysics" 
(PT, p. 85). Now it is often pointed out that a Whiteheadian metaphysics, 
with its concept of value as pervading all of nature, does in fact provide a 
basis for a concern for "ecological justice." The problem I see is that it is 
very difficult to make the transition from Whitehead's view that all nature is 
composed of occasions of experience which involve some realization of 
intrinsic (aesthetic) value to any particular claim about the relative worth of 
such occasions or the fairest way for such values to be apportioned. 17 There 
has certainly been some significant work done on applying process thought to 
environmental ethics,18 but I think that much more needs to be done in this 
respect. More generally, I would argue that process philosophy needs to 
develop some better way to connect its broad metaphysical concepts with 
specific ethical principles if it is to be useful in dealing with any of the 
concerns for justice which Ferre has outlined. 

(3) The passages which I have cited from Science and the Modern World 
suggest Whitehead's view that the misuse of technology has been in large 
part the result of a misguided metaphysics, or at least that the fundamental 
philosophical errors which he associates with much of modem science have 
infected technological society as well. Presumably, then, if we were to get 
our philosophy right (specifically if we were to recover an understanding of 
reality which recognized the pervasive presence of value and the inter
connectedness of things) we might get our technology right as well. "The 
moral of the tale," says Whitehead at the end of Science and the Modern 
World, "is the power of reason" (SMW, p. 299). As Robert Neville puts it, 
Whitehead's "overall moral vision was the Whiggish one that civilization 
progresses as ideas become embodied in institutions."19 In his call for a 
"post-modem metaphysical scheme" to aid in rethinking and reshaping 
technology, Ferre seems to share this vision. 

Today, however, there are certainly many to question such Whiggish 
perspectives. Langdon Winner, for example, sounds a skeptical note concern
ing the relevance of metaphysics for the transformation of modem technologi
cal society when he argues that 
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the expectation that a rapid shift of attitudes could follow a philosophical critique is 
... badly misplaced .... To have completed even the most effective critique of West em 
metaphysics is no guarantee that one will know what, if anything, to do next.20 

Winner asks us to seek a middle ground between metaphysical speculation 
and narrow practical concerns: a ground occupied in part by political 
theory.21 While I do not altogether agree with his rather scornful dismissal of 
the possibility of a "new ethic" based on a new metaphysical vision, I believe 
that his own work on the political aspects of technology raises very important 
issues. I think that philosophers of technology (including process 
philosophers) need to attend not only to the way in which our metaphysical 
theories may influence our technical and social practice, but also the way in 
which our practice may affect our attitudes toward reality and value.22 

Discussion of technology as a political phenomenon seems notably 
lacking in Ferre's book. For example, he attributes the tendency of present 
technologies to "perpetuate themselves" to the conservatism of practical 
intelligence (PT, pp. 37, 131), and does not deal with the possible role of 
vested interests or political mystification. Perhaps this again reflects the 
Whiteheadian influence despite Whitehead's own experiences in political 
life. Process philosophy as such has offered little in the way of political 
analysis and critique of modem institutions. Once again, I raise this point not 
so much as a criticism but as a challenge. Can process philosophers con
tribute to the development of a coherent "post-modem philosophy" which 
offers both breadth of speculative vision and tools for concrete ethical and 
political thinking? Certainly I think that this is needed if those like Ferre (and 
myself) who are sympathetic to the process perspective are to come to grips 
with the important issues which technology poses for contemporary 
philosophers. 

Christian Brothers College 
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FREDERICK FERRE 

CLARIFYING AND APPLYING INTELLIGENCE: 

A REPLY TO PETER LIMPER 

Peter Limper raises three important questions, all centered around the 
character of intelligence and its roles in theoretical and practical pursuits. He 
also poses some significant challenges for future philosophical work that 
needs to be done. I am grateful for his perceptive reading and acknowledge 
that when he read "between the lines," as he said, he invariably got it right. 

That leaves me only the task of responding to his three questions and 
reinforcing his call for serious new efforts from process philosophers and 
others interested in nurturing constructive political change. 

Starting, for convenience of exposition, with Limper's second question, 
"concerning the 'disinterested' nature of theoretical reasoning" (this volume, 
p. 27), I hasten to acknowledge my long-standing conviction that total 
disinterestedness in human affairs, including theoretical affairs, is a fiction. It 
is a limit concept~ an abstraction not met with in life. It is, however, an 
important ideal fiction. That is, as an aim for theoretical intelligence, the 
qualities of disinterestedness, the avoidance of rationalization based on 
special pleading or hidden agendas, is an essential virtue. Theoretical 
intelligence is permeated by values, of course, but among them (enhanced 
and r!<inforced by training) are the austere values of the conscious subordina
tion of personal interests and outlooks to wider considerations of evidence 
and more general perspectives. 

Explicitness, too, is something that we can never totally achieve in human 
thinking. Weizenbaum, as quoted by Limper, is doubtless correct. But the 
aims of theoretical intelligence qua theoretical call for as much explicitness 
as possible. All of Limper's appeals to the essentially inexplicit in "wisdom" 
and "living truth" and the procedures of "experts" are drawn from domains of 
application which go beyond merely theoretical motivations and rewards. 
This gives them a weight and importance that sometimes outstrips even the 
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importance peculiar to theorizing. Theorizing, however, has its own intrinsic 
importance and has gradually evolved its own exacting standards, of which 
full explicitness is one, and disinterestedness is another. 

II 

This brings me to Limper's next question, "whether Plato and Ulysses 
between them exhaust the alternatives" (this volume, p. 28). My answer, in 
the book and again here, is emphatically not. In the book I began by discuss
ing the common features of intelligence (Philosophy of Technology, pp. 
30-33), only later exploring the tensions between the needs of intelligence in 
pursuit of practical ends and the needs of intelligence aimed at theoretical 
ends. When Whitehead's figurative term for practical intelligence, the 
"Reason of Ulysses," was introduced, I was careful to state that I was naming 
a capacity and an aspect of intelligence. When I later introduced the "Reason 
of Plato," I took pains to warn that this may be "a useful figurative way of 
speaking, but 'it' is not a thing." The English language generously allows us 
to use the word "it" to refer to any contextually defined subject-matter, 
whether a "thing" or not, like the weather or a university or scientific method 
or (once defined) technology or intelligence. 

Just as I began my discussion of intelligence as a unified function rooted 
in biology, so I ended with a section entitled "Intelligence United" 
(Philosophy of Technology, pp. 48-49) summarizing the many intricate ways 
in which the interplay between the sometimes opposing functions and aims of 
intelligence - dealt with in the intervening two chapters - create unified 
patterns of self-stimulation and self-control. I hope that these reminders 
reassure Limper not only that I agree with his sense that there is indeed 
"some other option" than choice between practical and theoretical intel
ligence but also that in fact I am not invidiously "hard on Ulysses" (this 
volume, p. 28). I mean to be hard on each, if not corrected by the other. 
"Ulysses" alone, taken as the ideal type of practical cleverness without any of 
the breadth of vision provided by "Plato," has, in my opinion, all those 
defects Limper quoted me as charging against it; but, likewise, the ideal type 
of "Plato" alone, tending (as Whitehead said) to "charlatanism," is not 
particularly commendable. The point is that they are useful fictions, 
employed to clarify the important tensions at work - and in need of counter
balancing - in real, complex human thinking. 
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III 

If my answers to these two questions are clear, Limper's opening question, to 
which he returns in another form at the end of his paper, can now be more 
readily addressed. His question is of "the real importance of theoretical 
intelligence in technological society" (this volume, p. 26). Against such 
importance he cites Marx, Dewey, and Don Ihde. Ihde, for example, is said to 
stress that "the practical perspective is ... not only prior to but. .. more 
fundamental than the theoretical." In view of these alternative views, Limper 
is concerned that I may be "begging an important question concerning the 
role of purely theoretical or speculative reasoning in the development of 
modem technology." 

Further, at the end of his paper, Limper returns to the theme of the 
possible weakness of ideas in historical change, attributing a "Whiggish" 
perspective to Whitehead and, implicitly, to me. 

My reply is that whatever I am doing I am not begging the question of 
theoretical intelligence's role in modem technology and historical change. I 
am engaged in wrestling with the question, and my conclusion is not that of 
Marx. It is closer to Dewey than may at first appear. It is much closer to Ihde 
(and Limper?) than Limper seems to realize. Perhaps, finally, it is not 
identical. I do, indeed, try to give theoretical intelligence more of what I think 
is its due than some of Ihde's writings would suggest. But I join Ihde in 
declaring practical intelligence much the older and, in important ways, much 
the more fundamental aspect of mentality, especially when intelligence is 
appreciated as the complex, unified set of functions I have already affirmed. I 
may not in Ihde's sense be a full-fledged "materialist" in my view of 
technology, but I am certainly not in his sense an "idealist," either. 

No more am I "Whiggish" in my view of the relationship between ideas 
and historical change. And neither was Whitehead, if his careful work in 
Adventures of Ideas can be added to the less developed remark cited from 
Science and the Modern World. I take seriously (as Whitehead did) the fact 
that ideas have consequences; but other realities shape history (as Whitehead 
also pointed out) even more obviously. That is, in Whitehead's shorthand, 
both the Barbarians and Christianity, both Steam and Democracy, shaped the 
course of events. There are coercive forces that push us (climate, weapons, 
plague, invention of means of production, natural resources) and there are 
attractive ideals that pull us (revulsion against slavery, the lure of general 
political enfranchisement, human rights, economic justice). To ignore the 
coercive forces, on the one hand, would be sentimental other-worldliness. It 
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would be to forget about the causal order in which we find ourselves 
emmeshed. Every event exists within a matrix of objective inheritance, as is 
central to Whitehead's analysis of reality. But to ignore the attraction of 
ideals, or to explain ideas away as mere ideology, would be materialist 
reductionism, a partial view in violation (no less than sentimentalism) of the 
unforced reading of the facts of human history and individual careers. Events 
involving human beings - Whitehead would say all events - have their 
subjective aims as well as their objective inheritances. Neither aspect alone 
tells the whole story. This is the stuff of which politics, including the politics 
of technological societies, is made. 

IV 

Finally, a concluding word in reinforcement of Limper's challenges to future 
work. He is on target, I believe, concerning all three areas of work he calls 
for. 

Apropos the immediately preceding point on countering "Whiggish" or 
reductionist views of history, Limper would like more explicit discussion of 
real-world politics. So would I! Developing the bipolar analysis proposed by 
Whitehead's paradigms of Steam and Democracy would provide a special 
way in which process philosophers may make a fruitful contribution.! 

If we are to engage in political thinking that is grounded in adequate 
ethical theories, we need to heed Limper's second challenge: "to develop 
some better way to connect ... broad metaphysical concepts with specific 
ethical principles ... " (Limper, p. 33). That is, indeed, one of the most urgent 
tasks before philosophers today, especially those philosophers who take 
seriously the ethical issues of environment ("ecojustice") and long-term 
future goods and harms ("trans generational justice") that are raised with 
particular poignancy in philosophy of technology. Here are indeed nodal 
points well worthy of our best thought.2 

Finally, if we are to place our ethical theories in the context of the best 
worked out thinking we can do about reality as a whole - and ethical theory 
is irresponsible if it neglects the rock-bottom realities with which its prescrip
tions must deal- then Limper's first challenge to philosophers sympathetic to 
process thought: "to seek out and articulate contemporary models which 
support their metaphysical principles" (Limper, p. 32), is entirely to the point. 
Nothing, in the long run, is more important than finding our bearings, 
cognitive and valuational, within the welter of data surrounding us. This is an 
immensely difficult (and controversial) challenge, to keep our critical wits 



ON INTELLIGENCE 41 

about us at the same time that we open our minds to the fullest degree of 
comprehensiveness. But well-chosen models can help organize coherent 
comprehension and guide effective action.3 Therefore I must welcome 
Limper's insistence that we redouble our efforts and get on with the job. 

University o/Georgia 
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1 I have attempted to make some progress along these lines in an article, "Myths and 
Hope for Global Society," Contemporary Philosophy, forthcoming. This is a 
reworked version of an earlier article previously published as "Hope and Myth in a 
World of Scarcity," Georgia Review 33 (Fall 1978): 553-570. Much more needs to be 
done. 
2 I have attempted some work along these lines in "Personalism and the Dignity of 
Nature," The Personalist Forum 2 (Spring 1986): 1-28; also in "Moderation, Morals 
and Meat," Inquiry 29 (December 1986): 391-406; and in "Obstacles on the Path to 
Organismic Ethics: Some Second Thoughts," Environmental Ethics, forthcoming. 
3 I have attempted to address these matters in such places as "Mapping the Logic of 
Models in Science and Theology," The Christian Scholar 46 (Spring, 1963); 
"Metaphysical Error: Social Disorder," The Review of Metaphysics 31 (June, 1978); 
"Religious World Modelling and Postmodem Science," Journal of Religion 62 (July 
1982); "Organizing Images and Scientific Ideals: Dual Sources of Contemporary 
Religious World Models," Proceedings of the 8th International Wittgenstein 
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T AFI' H. BROOME, JR. 

IMAGINATION FOR 

ENGINEERING ETHICISTS 

1. INTRODUCTION 

Has progress in the scholarship and teaching of engineering ethics begun to 
stagnate? This question, together with responses to it given by Steven 
Goldman! and Langdon Winner,2 motivated this paper. 

Goldman argues that the scholarship of engineering ethics can no longer 
prosper without a much broader understanding of the nature and scope of 
engineering than currently exists within the engineering ethics community. 
Winner observes that the use of engineering ethics case studies in typical 
courses for college students has little impact on students in getting them to 
think about basic issues. Implicit in these responses is the assumption that 
something new has to be created and injected into the field of engineering 
ethics to give it new life. 

I will argue that the ideas needed to give engineering ethics new life have 
already been created. Having been created mostly by engineers, these new 
ideas are not accessible to or expressed in ways that capture the imaginations 
of philosophers. Thus, these ideas have generally not received sufficient 
attention to affect their injection into the scholarship and teaching of 
engineering ethics. 

The,purpose of this paper is to examine a set of ideas about the nature and 
scope of engineering that have not yet been exploited by philosophers. Ideas 
about engineering both as a scholarly discipline and as a profession are 
included. Focus is on such ideas as are judged to be imaginative in the sense 
that they are seen to possess potentials to provoke, excite, or enliven the 
imaginations of philosophers. The aim of this paper is to reveal these 
potentials to philosophers in ways that might enable them to inject new life 
into engineering ethics. I do not deny that engineers like myself can con
tribute to a revitalized engineering ethics; here I merely throw out ideas to 
tantalize philosophers. 
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2. CORPORATE TENURE 

In his book, Controlling Techn%gy,3 Stephen Unger touches upon the idea 
of a tenure arrangement for engineers employed in corporations. His idea is 
to use the academic tenure arrangement provided college faculty as a model 
for a practical means of resolving the whistleblowing issue. 

The whistleblowing issue is now an old one. It addresses the duty of 
engineers in situations where their employers' interests in profit are perceived 
to conflict with their own professional interests in Cicero's imperative to 
safeguard the public. In their efforts to obtain a theoretical resolution of this 
issue, engineers have stipulated, in one form or another, that, "He [the 
engineer] shall hold paramount the safety of the public." This is now in most 
professional societies' codes of ethics. Nevertheless, symptoms of unrest on 
this public paramountcy imperative abound.4 And there remains considerable 
debate as to whether moral grounds for whistleblowing are sufficient 
practical grounds for getting even those engineers who subscribe to public 
paramountcy to do their duty in the face of possible retaliation from their 
employers. Unger's corporate tenure idea would seek to provide whistle
blowers reasonable protection from retaliatory firing and black-balling. 

The corporate tenure idea has not been exploited by philosophers ap
parently because attacks upon it have not been resisted. For example, no 
response has been given to the claim that as academic tenure has visited the 
burden of "deadwood" upon college faculty, so too would corporate tenure 
promote laziness and incompetency among engineers and incite sensationalis
tic movements to gain for them press coverage and fame. Apparently no 
ethicist has considered whether this claim is supported by experiences with 
similar employment protections afforded engineering ombudsmen; nor have 
ethicists measured the degree to which the protections offered by corporate 
tenure are assured by the changing legal environment in America with respect 
to job security. Assuming that engineering whistleblowers have no protection 
from retaliation of their employers, could American businesses be compelled 
to set up tenure arrangements for their engineers? 

Law does not provide that corporations can be forced into tenure arrange
ments with their employees. There have been no serious attempts to force 
tenure upon corporations in order to serve the interest of the public either by 
means of civil dissent or by exertion of any union-like pressures from 
engineering professional organizations. Moreover, according to John Ladd's 
defense of "corporativism,"5 there is no moral basis for forcing tenure upon 
corporations. 
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We can, nonetheless, in order to make a point, explore two corporations. 
Imagine that they offer similar environmentally hazardous engineering 
services to the same consumer markets. Prices, quality, and other business 
factors are assumed equal. While corporation X has no tenure arrangement 
with its engineers, corporation Y has established one voluntarily. Both 
corporations are competing for a contract with a local government whose 
constituency is known to be both very sensitive to and well informed about 
environmental issues and generally distrusting of corporate guarantees of 
safety. An argument can be made that corporation X would be less competi
tive than Y in winning this contract. The point is that corporate tenure can be 
imagined as economically compatible with both the corporation's profit 
imperative and the engineer's safety imperative over the long run. 

My point is this: any expectation of corporations of type X coexisting with 
competitors of type Y would reveal new potentials for philosophers who 
study whistleblowing. Engineers employed in type X corporations can be 
fired and blackballed, and thereby suffer extreme mental and financial stress 
as a result of blowing the whistle. This might support a utilitarian argument 
to justify their failure to blow the whistle in cases where the anticipated 
consequences fall short of death or severe injury to many of the affected 
parties. On the other hand, engineers employed in type Y corporations, 
having greater freedom than their competitors, could be more responsible -
though they must also be aware of the consequences of allowing whistleblow
ing to run unchecked. 

(Other new ideas about the nature of engineering and its distinction from 
science, which lend' support to those who would oppose the Ciceronian 
imperative, will be discussed in some detail below. The new idea I want to 
mention there is the idea that the nature of engineering provides grounds for 
exposing the public to risks that exceed those associated with scientific 
experimentation. Where a literal interpretation of the Ciceronian imperative 
is bounded by scientific risk, the new interpretation would allow engineers to 
expose the public to greater risks.) 

While the emphasis in type X corporations might be on encouraging 
engineers to obey a new or "soft" interpretation of the Ciceronian imperative, 
emphasis in type Y corporations would be on restraining them from carrying 
literal or "hard" interpretations of the Ciceronian imperative too far. The 
whistleblowing issue is a zero-sum game for type X corporations, but it could 
foreseeably be a win-win game for type Y corporations. 

In sum, the postulate of a type Y corporation suggests new opportunities 
for philosophers to collaborate with business scholars and engineers for the 
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purpose of formulating practical means of resolving the whistleblowing issue. 
What this engineer's thought experiment suggests is that philosophers 
involved in engineering ethics have not been imaginative enough; utilitarian 
considerations do not always work to the detriment of whistleblowing. 

3. ENGINEERING AND ENVIRONMENTAL ETHICS 

Engineers change the human environment: they carve the landscape to make 
way for highways, bridges, dams, and skyscrapers; exhausts from their 
automobiles, airplanes, and industrial smokestacks more than noticeably 
affect the atmosphere; and they deposit our municipal and industrial wastes 
into rivers, lakes, and oceans. Nevertheless, while a substantial body of 
scholarship on environmental ethics is accumulating in the literature, scarcely 
a handful of ideas from this scholarship has been injected into the knowledge 
base of engineering ethics. 

Gunn and Vesilind6 have contributed significant case studies to the 
environmental/engineering ethics knowledge base. Mario Salvadori7 has 
considered whether engineers have a duty to science and thereby to mankind 
in cases where fossils, ancient pottery, or other artifacts possibly possessing 
scientific value are encountered in engineering excavations. Little has been 
done to exploit these ideas, or to do more in connecting environmental ethics 
to engineering. Therefore, a vast set of opportunities apparently exists for 
philosophers to explore new territories. 

One opportunity is presented by the exploration of space. Surely cosmic 
space is part of the human environment. Pollution of space is becoming a 
concern in response to suggestions for using it as a nuclear waste depository 
and as a high-tech battleground. A collection of member nations of the 
United Nations put forward their Common Heritage of Mankind principle8 

which suggests that space belongs to everyone - to exploring nations as well 
as to non-exploring nations - and thus the "spoils" from space must be shared 
among all peoples. Although the U.S. does not endorse this principle, it can 
be viewed as an extension of the law of the sea. It poses a problem for 
environmental ethics by asserting that space can be owned, or that its use by 
some people must respect the interests of all people. The challenge space 
presents to philosophers is for them to examine the moral dimensions of 
using space before its use becomes unacceptably hazardous. Clearly, a 
problem of distributive justice is posed. Again this is a largely speculative 
possibility, but even a cursory perusal of the engineering ethics literature will 
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demonstrate that it has been ignored - though not entirely ignored by other 
philosophers.9 

Another example. The Gaia hypothesis affords philosophers the oppor
tunity to engage renewed discussions on the subjects of wholism and 
organicism. Though controversial, the Gaia hypothesis is firmly rooted in the 
physical sciences, and it suggests that the earth's biota are major participants 
in the earth's climate control mechanism. Moreover, the hypothesis suggests 
that the biotic system tends to regulate climatic conditions in ways favorable 
to itself. In view of the rate at which the hypothesis is gaining support within 
segments of the scientific community, a new wholistic or organic starting 
point for ethical inquiry into human relationships with the environment can 
be anticipated. Since engineers are "experts" on changing the environment, 
the Gaia hypothesis could become a useful starting point for new investiga
tions among philosophers into old environmental issues. For example, while 
environmentalists are poised to appeal to the Gaia idea for support of their 
claim that polluting is bad, polluting corporations are prepared to argue that 
polluting is not bad on appeal to the Gaia idea for support of their claim that 
the biota will compensate for the ill effects of pollution. Philosophical 
problems tend to be open-ended, and this one surely is. 

4. NEW IDEAS ABOUT THE NATURE OF ENGINEERING 

Until recently, virtually every use of the term "engineering" has referred to 
something like "the application of science to practical or societal problems."10 
The Kotarbinski school of praxiology defines engineering as the science of 
efficient action,11 and other views likewise declare engineering to be one or 
another sort of science. 12 Together with others, I have argued that engineer
ing cannot be an applied science nor any other kind of science,13 but a 
member of a separate learned discipline having kinships with medicine, law, 
and politics. 

This new "non-science" view of engineering is supported by the Krohn 
and Weingart14 argument that engineering systems are typically so complex 
that knowledge about their behaviors can be obtained only from tests 
activating the full range of the systems' operating conditions. Martin and 
Schinzinger15 have argued, therefore, that engineering systems are experi
ments with the public as human subjects. Probably because the affected 
parties of engineering experimentation are more difficult to identify than the 
parties normally affected by scientific or medical experimentation, 
philosophers have missed an opportunity. They might, for instance, have 
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been among the first to observe that the astronauts were clearly the affected 
parties in the shuttle Challenger disaster; therefore they were the persons who 
should have been notified about the O-ring hazards. l6 

Henry Petroskil7 argues that engineering design advances primarily as a 
result of engineering failure. Accordingly, the new view of engineering 
would assert that progress in space technologies can not be possible without 
the implementation - and failure - of complex engineering systems subjected 
to full operating conditions in the space environment. Another example: the 
Strategic Defense Initiative (SOl) could be judged feasible from this new 
engineering standpoint, while at the same time it might be judged infeasible 
from the scientific point of view, that knowledge about SOl can not be 
obtained prior to its implementation. 

Contrasts of these two points of view could be used as starting points for 
renewed debates on moral issues related to technologies that have enormous 
implications for human existence. Philosophers may be well advised to 
consider expansions of these debates: e.g., moral implications of superconduc
tors, networked supercomputers (and their viruses), manufacturing in space, 
and other technologies anticipated for the year 2000. 

5. CLOSURE 

The starting point for this paper is the view expressed by some that progress 
in the scholarship and teaching of engineering ethics has stagnated. The main 
thesis of this paper is that the ideas needed to give engineering ethics new life 
have already been created, but they require the attention of philosophers 
before gaining entry into the scholarly literature. The aim of the paper, 
therefore, was simply to address some of these ideas in ways that might 
stimulate tbe imaginations of philosophers, trying to invite them to exploit 
the potentials of these ideas to generate growth in the field of engineering 
ethics. 

The significance of this paper, finally, lies not only in its effort to increase 
productivity in engineering ethics. It is also an attempt to illustrate the need 
to breed new scholars equally able to appreciate imaginative ideas and to 
inject them into an understanding of the nature of engineering that will 
revitalize the engineering ethics literature. 

Howard University 
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ENGINEERING ETHICS AND POLmCAL IMAGINATION 

Recent attempts by American colleges and universities to teach ethics for 
scientists and engineers deserve strong praise. They represent a shift away 
from the idea that questions about ethics and morality are best left to 
humanists or to elder statesmen of science, a recognition that such matters 
ought to be an important part of education in the technical professions. One 
can hope that through these efforts a new generation of men and women will 
obtain a firm grounding in the ethical aspects of their vocations early enough 
to make a difference. 

Despite these admirable aims, however, the approach often used to teach 
ethics to scientists and engineers leaves much to be desired. In the way the 
topic is usually presented, personal responsibilities are situated in extremely 
limited contexts and ethical choices made to seem something like extraordi
nary, unwelcome intrusions within a person's normal working life. Rather 
than lead students to evaluate the most basic, most practical features of their 
career choices - the kinds of work they select and the social conditions in 
which that work is done - courses on professional ethics tend to focus upon 
relatively rare, narrowly bounded crises portrayed against an otherwise happy 
background of business as usual.1 

One way in which college courses avoid the difficult underlying questions 
that technology oriented professions involve is to focus upon case studies of 
particular ethical dilemmas. This can seem to be nothing more than a useful 
attempt1:o transcend mere abstractions and to provide contexts for issues by 
locating them in the "real world" of practice.2 Unfortunately, what such 
moves often do is to bracket the realities of daily work in favor of hypotheti
cal situations that are comforting because they are so remote. Cartoons of 
concreteness become the abstractions at hand. Hence the tone of such 
pedagogical case studies is often something like the following. 

"You are an engineer working for a defense contractor helping to as
semble the latest version of the cruise missile. One day you discover that the 
paint used on the shell of the missile is emitting toxic fumes that may be 
dangerous to people working in the assembly plant. The project is behind 
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schedule and your boss has made it clear that it must be completed within 
deadline. Should you blow the whistle on the toxic fumes or keep silent 
thereby avoiding risk to your job and career?" 

I have exaggerated, but not by very much. So-called ethics case studies 
usually point students toward specific troubling incidents within what are 
assumed to be otherwise harmonious patterns in ongoing institutions. The 
patterns themselves, however, are not identified as anything problematic. 
Indeed, it is a property of the case study approach to education in business, 
law, and engineering that the contexts that underlie particular cases are never 
themselves called into question. By failing to analyze and criticize these 
contexts, case studies tend to legitimate and reinforce the status quo. Thus, 
the decision to work for a defense contractor building thermonuclear 
weapons can well go unnoticed as an ethical issue at all. A student may learn 
how to deal with the moral dilemmas, perhaps even ones that involve great 
personal courage. But missing from the inquiry are some important dimen
sions of the lives of technical professionals. 

POWER AND THE "GOOD SLOT" 

A story from my own experience with engineering students will help 
illustrate the point I am making. While it is only one incident, it reflects 
situations I have encountered all too often. 

Several years ago I taught a course on the history of technology, co
teaching it with a professor of aeronautical engineering. We had reached the 
part of the term in which we studied the founding of the modern engineering 
professions and engineering education. That history is, of course, one in 
which the engineering schools and large corporations work closely together 
to tailor an engineering curriculum suited to the immediate needs of the 
corporations.3 After the class had gone over the facts in the readings, my 
colleague turned to the group of about thirty science and engineering 
undergraduates and asked a question that I would probably never have had 
the nerve to raise. 

"Well," he said, "how does it feel to be on a conveyor belt being turned 
out into slots?" 

There was a long embarrassing pause. Finally, one of the students, a fel
low who had been very quiet most of the term, raised his hand and answered. 

"I don't want to be put into any slot," he said confidently. Then he thought 
for a moment and added, "I want to find a good slot!" 
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The classroom filled with laughter; seldom is a point so eloquently made. 
But the story does not end there. During the ensuing months I got to know 

this fellow fairly well. We took long walks by the Charles River and talked 
about his life and the choices he faced. It turned out that he was, in a pattern 
fairly typical of engineering undergraduates, the son of a machinist and had 
gone to college to fulfill his working class family's dream of upward social 
mobility. He talked about his major, electrical engineering, and expressed his 
qualms about some of the uses being made of computers these days and of 
his desire to use his skills for something socially beneficial. 

Since I always encourage students to think about the social and ethical 
dimensions of their work, I thought to myself: "Good. Here is someone I 
have really reached." 

About a year later during the summer break I ran into the fellow walking 
across campus and asked how he was doing. 

"Very well," he replied, "I've got a great job." 
"Where is it," I inquired. 
"The Draper Lab," he said. 
"Oh. What do they have you doing?" I asked. 
"Computer programming," he said and went on to explain that it was 

programming of an especially intricate, challenging kind. 
"And what are the programs used for?" I probed. 
"Guidance systems," he replied. 
My next question was obvious. "And what do these guidance systems 

guide?" 
"Intercontinental ballistic missiles," he allowed with an uncomfortable 

smile spreading across his face. 
"Bruce, you're building bombs, aren't you? Tell me, on the basis of your 

own personal commitments, how you can justify that." 
He went on to list the kind of deals today' s small time Fausts tend to make 

with today's big time Mephistopheles: the problems were challenging in a 
purely technical sense, "cutting edge" stuff. The recognition by senior 
colleagues was gratifying, especially for someone who had never had much 
recognition. And, of course, you just could not beat the money they were 
paying. 

I told him of my disappointment at what he was doing and silently 
pondered my contempt for a system that would lure a fine young fellow like 
himself into the company of those who build the instruments of war and 
death. 
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"I guess you've found your good slot," I groaned and we went our 
separate ways. 

There is, in my view, a tendency in our engineering professions as 
presently constituted not to see the kind of work they do as involved with 
serious moral questions. Convinced that technology is merely neutral, 
persuaded that somehow the important questions will be raised by somebody 
else, many engineers seem almost proud of their inability or unwillingness to 
talk about ethical concerns. They are, by and large, more than ready to 
become the passive tools of whichever corporation or bureaucracy makes the 
highest bid. 

Students do not enter our colleges saying to themselves: "Oh how I wish I 
could learn to build hydrogen bombs. If only I could learn the techniques of 
producing environmental carcinogens. Teach me the methods that will help 
an automobile firm decide whether or not it is cost-effective to replace 
gasoline tanks that explode on impact." No, they do not enter engineering 
school affirming goals like these. But what do they end up doing when they 
leave and look for a job? 

The condition I arn describing is not, I want to emphasize, one that 
characterizes engineering alone. In other prominent professions of our age we 
see similar circumstances in which people no longer see themselves as self
conscious moral agents and citizens of a free society, but rather as subjects of 
large corporate bodies that, while extending organizational control, gradually 
eliminate the individual's need to think. 

From this point of view, one element notably missing from the education 
of technical professionals is any critical encounter with a person's relation
ship to power. Indeed, the phenomenon of power and one's involvement in it 
is perhaps the best kept secret in modem education generally. Courses and 
whole curricula simply assume that certain people and institutions hold 
power; such people have the jobs and define the possibilities for a working 
life in engineering. Hence a lecture or problem set in a science or engineering 
course may begin with the words: "Assume you are working for a defense 
contractor." "Assume you are employed by a large corporation." Such 
contextualizing statements assume that a student need not ask such prior 
questions as: Is this the way it ought to be? Is that the proper setting for the 
practice of my hard-earned knowledge and skill? How might it be otherwise? 

The tacit premise of the case study approach to professional ethics is that 
as one enters a profession, one simply embraces the existing commitments, 
institutional patterns, and power relationships the profession contains. There 
is no understanding that as one ponders joining the enterprise, one also has an 
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opportunity to re-evaluate or even reconstitute that field. Only after the 
newcomer's basic compliance has been secured is he or she assumed ready 
for the bracing ethical challenges that lie ahead. 

2. A SENSE OF VOCATION 

The failure of engineering ethics courses to explore the phenomenon of 
power reveals another significant lack: exploration of the question of 
vocation, one's calling in a moral sense.4 It is reasonable to expect that as a 
person contemplates committing several decades to a profession, some basic 
issues ought .to be addressed. What are the fundamental ends of a life 
invested in this line of work? What is the purpose of developing my 
knowledge and skill in this direction in the first place? Who ought to control 
the most basic definitions of what my vocation entails? Our educational 
institutions now shortchange students by avoiding such issues, neglecting 
focused study of the moral and political groundwork of professional life. 

Courses on engineering ethics tend to focus upon issues of right and 
wrong in personal conduct - extremely important matters indeed. But 
beginning with Aristotle, philosophers have noticed that there is a logical 
juncture where ethics finds its limits and politics begins. That turning point 
comes when we move beyond questions of individual conduct to consider the 
nature of human collectivities and our membership in them. This calls upon 
us to ponder the nature of political society and what membership in it means 
for us, not merely as individual actors but as participants in a community. 

In my own teaching of engineers and scientists I find some who are 
actually prepared to act heroically at the level of individual ethics, but who 
have no sense whatsoever what their work means in an organizational or 
political sense. It comes as a surprise, for example, for students to learn that 
engineering projects tend to reflect some economic or social interests and not 
others. They learn next to nothing about the history of their fields, about who 
works for whom and how that came to be. These are, once again, well kept 
secrets. By the time one gets to be a graduating senior, all he or she may want 
to know is: Where are those nice people with all the high paying jobs? 

The lack of an ability among engineers and other technical professionals 
to engage in political reflection is by now much more than a small failure in 
education; it threatens to become a great tragedy. We live in an age of 
scientific technology. Many of the most significant ways in which old forms 
of power are reproduced and new ones created are reflected in the tech
nologies we use. To a great extent the possibilities of social and political life 
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in the twentieth century are defined by technological opportumties and 
constraints. Whether we are to have a good society or a bad one is powerfully 
influenced by the technologies we develop and put to use. For that reason the 
role of engineers and technical professionals is crucial. They are intimately 
involved in maintaining key social patterns and in inventing new ones as 
well. In that work they become, in effect, unelected delegates and repre
sentatives of the rest of us, charged with the work of building basic structures 
of our social and political future. If it turns out that they lack vision, lack the 
ability to make choices that express not only knowledge but also personal 
strength born of wisdom, our society is headed for trouble. 

From this vantage point what is needed is less the study of pre-packaged 
ethical dilemmas than the cultivation of two crucial skills: political savvy and 
the capacity for political imagination. At some point in their education 
engineering students need to examine critically the historical origins of their 
own chosen profession. They need to understand how their branch of 
engineering was first organized, by whom, and for what reason. They need to 
examine the kinds of social and economic interests their field represented at 
the beginning as well as the ones it expresses now. And they need to 
understand who controls the choice of projects and why. 

Casual observers might suppose that learning to become savvy about the 
social realities of the world students are entering would be a standard part of 
a good engineering education. In fact, it is almost never explicitly addressed. 
What students receive instead is a kind of hidden curriculum, a set of 
unstated assumptions, expectations, and role models which provide a subtle 
but thorough enculturation. Its underlying text is: Do not ask questions; just 
find your place in the established hierarchy and obey orders. 

There are many ways in which political savvy of this kind might be 
nurtured and even tested. In my own courses, for example, I have sometimes 
used the following quiz. 

Read carefully Lewis Mumford's chapter, "The Nucleation of Power," in 
The Pentagon of PowerS and answer the following questions: 

1. Do you consider Mumford's description valid or not? 
2. Will you in all likelihood join "The Power Complex"? 
3. Explain why. 
Of course, achieving political savvy alone is not sufficient; it may leave a 

person aware but cynical, thus accomplishing more harm than good. For that 
reason there is a need to nurture more - political imagination, the ability to 
envision the contributions of one's work to society as a whole, to the quality 
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of public life. Within the plans, methods, and prototypes an engineer 
produces are the blueprints of our social future. This is true whether these 
products have to do with water projects, highways, industrial machines, 
electronic components, or energy systems. As part of mastering the fundamen
tals in their fields, engineers and other technical professionals ought to be 
encouraged to ask: Can we imagine technologies that enhance democratic 
participation and social equality? Can we innovate in ways that help enlarge 
human freedom rather than curtail it? How can planning for technological 
change include a concern for the public good as distinct from narrowly 
defined economic interests? 

An ability to investigate questions like these ought to be part of the 
intellectual tool chest that engineers carry with them when they leave the 
university. While there is no established curriculum that imparts such skill, 
many of the disciplines in the humanities and social sciences have important 
resources to offer, resources that at present remain largely untapped. In 
political philosophy, for example, it is possible to build bridges to the study 
of engineering by showing ways in which political philosophers are to some 
extent designers. From Plato to Jean-Jacques Rousseau to John Rawls, 
political theory has involved an attempt to translate the ideals of the good 
society into workable institutional structures. Those who met at the Philadel
phia convention of 1787, for example, sought to invent a political machine, 
the U.S. Constitution, that would provide beneficial results generation after 
generation. To some extent, therefore, political theory and engineering share 
a common project - making things that will endure. It might even be argued 
that they share some of the same criteria of evaluation: a concern for the 
appropriate furnishings of the good life.6 

Whatever specific fields in the humanities may be chosen to illuminate 
such questions, however, it is crucially important to allow our students to 
become competent not only as scientific and technical problem-solvers (the 
only need currently recognized by the academy and business), but as 
dreamers and visionaries as well'? Drawing upon materials in their own 
fields, they should be encouraged to imagine the best possible uses to which 
their intelligence and know-how might be put. Engineers and technical 
professionals are the unacknowledged legislators of our technological age. 
Choices that affirm the public good or trample it often rest in their hands. If 
they overlook this critical role and responsibility, they will also acquiesce in 
yielding power to agents whose ends are increasingly distant from 
humanity's best. 
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3. OURS IS NOT TO REASON WHY? 

Much of the vocation of engineering is legitimately, admirably involved with 
questions of "how?" - how to solve problems, how to achieve particular 
results within physical and economic constraints, how to get things done. 
Such concerns are and will always be central to an engineer's daily activity. 
Providing students the wherewithal to grapple effectively with "how" 
questions is bound to remain the heart of engineering education. But in a 
world of rapidly advancing technology, issues about "how" are often less 
important than ones that concern "why?" Our society has increasingly 
powerful means at its disposal and a great many expediencies that seem to 
justify applying these means all over the planet as rapidly as possible. But 
typically missing from our deliberations about new technical means are 
deeply grounded reasons to guide our choices. 

Yes, it is possible to build the next intriguing generations of space-based 
offensive and so-called defensive weapons. In the face of pressing human 
needs in other domains, why invest our scarce resources in things designed 
only to destroy? Before going further, it is crucial that we examine the 
underlying rationale that governs policy. Perhaps that pause for reflection 
would suggest alternatives other than blindly continuing the arms race. 

Yes, it now appears possible to renovate the genetic structure of life forms 
on the planet. But why? In what sense are such projects needed? What ends 
or purposes are to be served? Before going ahead, one needs to explore the 
reasons. 

And yes" it is possible to build any number of nearly or totally automated 
systems of production. But why? Which ends will be furthered? Who stands 
to benefit and who to lose? Before we engineer systems of this kind, we need 
to be clear abQut the grounds that justify our projects. 

As one examines such topics, the question of "why" can be reformulated 
in a number of useful, challenging ways. One can ask: For the sake of what 
deeply meaningful ends are our technologies well suited or ill suited? In 
response to what central human needs are our techniques and instruments 
developed and applied? On the basis of what fundamental orienting prin
ciples do our technology based practices and institutions find their uses and 
their limits? In selecting a particular engineering project, what kind of world 
do we affirm and seek to create? 

There are bound to be strong disagreements in our answers to any of these 
questions. Indeed, it is no easy matter to set about clarifying the basic notions 
that ought to guide the development and use of our technical means. People 
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have widely different understandings about the meaning and proper applica
tion of terms like freedom, justice, security, human rights, well-being, public 
good, and other key concepts. But it is crucial that such ideas be continually 
discussed and debated throughout our deliberations about key technological 
choices. If we do not do this, ideas about "how" begin to comprise the whole 
of our thinking. Indeed, as Jacques Ellul has argued, it appears to be the 
destiny of modem thought to replace any living concern about human ends 
with sterile discussion about instrumentality and efficiency.8 

A stunning example of this tendency was the Star Wars debate of the early 
1980s. President Reagan announced the Strategic Defense Initiative in 
March, 1983, proclaiming its noble goal for the United States, that of 
"rendering nuclear weapons impotent and obsolete." From that moment 
forward most of the debate, for and against, focused on the question: Will it 
work? Will the technologies function as planned? In the heated debates that 
followed, people seizeJ upon the instrumental issues - issues about "how" -
as if they were the truly essential ones.9 Looking back on this period of 
history, it is interesting that S.D.I. was offered at a time in which there was, 
for a while, intense public questioning around the world of the very ends of 
defense policy, questioning expressed in the Nuclear Freeze movement and in 
widespread discussion of Jonathan Schell's book, The Fate of the Earth. 1O 

Reagan's move was a clever one. Once again it got people back to talking 
about gadgetry and instrumental concerns and far away from thinking about 
fundamental purposes and the relationship between ends and technical 
means. I I 

This unwillingness to explore the basic reasoning behind our policies 
accounts for much of the absurdity that passes for informed discourse about 
technological choices nowadays. Thus, there is much attention to 
"costlbenefit" analysis, but without the slightest regard for the ultimate 
foundations of our judgments of benefit and cost. Similarly, one finds people 
nodding in confident agreement about "efficiency" without pausing to 
consider what is being maximized and for what reason; that is, what defines 
our numerators and denominators and on what grounds? Or one hears a great 
deal of praise for "progress" which seems to assume that one is progressing 
along a particular path, but never is the path or its destination specified. 
Similarly, there are anguished cries for increased national "competitiveness" 
with no attempt to justify the desirability of the things at stake in the 
competition. 12 

In all discussions of ambitious proposals for technological change, 
inevitably the most revealing and embarrassing question one can ask is 



62 LANGDON WINNER 

simply, "Why?" What o.ne disco.vers in a great many cases is that the answers 
have sQmehQw been ignQred, fQrgQtten Qr even suppressed. That is why any 
prQgram o.f engineering educatio.n that dQes nQt equip students insistently to. 
inquire into. the basic purpQses Qf their wQrk is simply an affrQnt to. reaso.n. 
Any technical analysis that asks "ho.w?" witho.ut first co.nsidering "why?" is 
bo.und to. be vacuo.us. 

With SQme ingenuity, the "why" co.uld well be included in difficult 
technical CQurses, nQt just humanities electives set aside in a separate, easily 
fo.rgQtten CQmer Qf the curriculum. FQr example, o.ne useful strategy in do.ing 
co.st/benefit analysis is to. begin by listing Co.sts and benefits and, befo.re 
plQwing o.n, simply reverse the labels o.ver the two. co.lumns to. see hQW things 
IQQk. Analyses by transpo.rtatio.n engineers during the 1950s co.unted 
"increased traffic flo.w" as a benefit, so.mething that co.mmunities affected by 
highway planning wo.uld later CQunt as a significant co.st. To. appro.ach 
co.st/benefit analysis by reversing labels always causes a great co.mmo.tio.n 
and yQU seldo.m get asked back, but it can add so.me life to. the o.therwise 
rigid, routinized procesess Qf techno.cratic thinking. 

4. ENGINEER AS CITIZEN 

In sum, the great need at present is fQr Qur pro.fessio.nals to. take a mindful, 
critical stance with respect to. their o.wn wQrk. This requires, first Qf all, that a 
persQn scrutinize the pro.jects in his/her field and the cQnsequences o.f tho.se 
projects within the CQntext o.f a cQntinuing dialo.gue abo.ut o.ur culture's mo.st 
cherished, ideals and principles. It implies, seco.ndly, that scientific and 
technical professiQnals must lo.cate and, when necessary, actively create 
public ro.les in which o.ne's understanding Qf impQrtant co.nditio.ns can 
becQme a focus o.f new thinking, debate, and actiQn fQr the public as a who.le. 
Ethical respo.nsibility no.w invo.lves mo.re than leading a decent, ho.nest, 
truthful life, as impo.rtant as such lives certainly remain. And it invo.lves 
sQmething much mQre than making wise chQices when such cho.ices sud
denly, unexpectedly present themselves. Our mQral o.bligatiQns must nQW 
include a willingness to. engage o.thers in the difficult wo.rk o.f defining what 
the crucial chQices are that cQnfront technQIQgical sQciety and ho.w intel
ligently to. co.nfro.nt them. 

The first requirement, therefo.re, might be called the respo.nsibility o.f 
dialo.gue; the secQnd, the respo.nsibility o.f citizenship. Bo.th o.f these were, o.f 
co.urse, well understQQd by the ancient Greeks. Our task is that Qf bringing 
these practices to. life fo.r the era o.f high technQIQgy. It is o.bviQUS that in fact 
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these are not responsibilities that are widely cultivated or practiced. At 
present, engineering students are encouraged to become careerist and self
interested in ways that exclude dialogue altogether. Their university degrees 
could well carry not only the title "Bachelor of Science," but also "Certified 
Uncommitted. " 

Nevertheless, considerable hope can be found in a single fact: it does not 
require many people to tum things around. Even one voice speaking at the 
right moment and in the right area can make all the difference. The contribu
tion of Rachel Carson in the early 1960s was an instance of this kind.13 At 
first widely denounced by much of the community of scientists and chemical 
engineers, Carson's message foreshadowed an international environmental 
awakening and a gradual move away from the use of destructive chemicals in 
agriculture.14 A similar sense of ethical commitment was evident in the 
petition drive by many scientists and engineers of the mid-1980s, pledging 
not to work on any palt of Reagan's Strategic Defense Initiative. Organiza
tions such as Physicians for Social Responsibility, Computer Professionals 
for Social Responsibility, the Union of Concerned Scientists, and other 
groups have set out to raise public consciousness about important public 
policy issues in their fields. A number of computer scientists in the United 
States and Europe, for example, have begun devoting their attention to ways 
in which new infonnation systems might protect freedom rather than 
undennine it. IS 

Examples like these suggest what I understand to be the genuine promise 
of the exercise of responsibility among scientific and technical professionals: 
a gradual reorientation of patterns of research, development, and application 
of emerging and already existent technologies to accord with our civiliza
tion's higher principles. It is "progress" conceived in this manner, rather than 
melodramatic rehearsals for whistle blowing, that offers the real challenge for 
engineering ethics in our time. 

Those who acknowledge the two kinds of responsibility I have mentioned, 
those of dialogue and citizenship, face an unsettling paradox. On the one 
hand it is clear that, properly speaking, a person can be responsible only for 
his or her own decisions, actions, and their consequences. At the same time 
there is an important sense in which each person is now responsible for 
nothing less than the future of humanity itself. Confronted with that paradox 
and the burdens it carries, many people are inclined to flee into the security of 
their private lives and the satisfactions of narrowly defined competence, areas 
where they feel they have at least some safety and control. That impulse, 
more than any other cause, is what renders technical professionals morally 
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impotent, ready to be manipulated by whatever enticements the state and 
large corporations have at their disposal. Any effort to defme and teach 
engineering ethics which does not produce a vital, practical, and continuing 
involvement in public life must be counted not just as a failure, but a betrayal 
as well. 

Rensselaer Polytechnic Institute 
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COMPUTER AND WORLD PICTURE: 

A CRITICAL APPRAISAL OF HERBERT A. SIMONI 

This article is related to a broader study of systems thinking2 which inves
tigates how this modem, influential movement of thought is related to the 
technical world picture that has dominated Western thought since Rene 
Descartes. The present article limits itself to a critical appraisal of Herbert A. 
Simon as a systems thinker and how his scientific work evinces a view of 
reality inspired by computer technology. 

Two main aspects are distinguishable in Simon's work. First, in creating 
his particular field of specialization, Simon developed a systems theoretical 
framework. Fundamental to this is a distinction between two spheres of 
reality: natural and artificial. The term "artificial" is commonly used in 
connection with technology. Simon, however, gives it a much broader 
meaning. As Simon sees it, the artificial world includes the whole of human 
culture. This entire realm can be constructed in a technical way. Even the 
process of human thought is so interpreted: human thought is narrowed 
down, in a reductionist, technicist manner, to the behavior of a computer, an 
artificial (in this case information-processing) system. 

Such an equalization of human and computer is fraught with far-reaching 
consequences. Reflection on these consequences forms the second main 
aspect of Simon's work. He has devoted special attention to the effects of 
computerizing organizations. His reductionist, technicist view of the human 
and of interhuman relations, I will argue, deprives him of a satisfactory 
perspective on authority, freedom, and responsibility within organizations. 

1. PRELIMINARY OBSERVATIONS 

There was never a time or a culture in which technology occupied so central 
a place as it does in Western society today.3 Nor is this technical culture any 
longer restricted to the Western world. Seemingly without effort it appears to 
be growing, unlike any other in human history, into a global culture overarch
ing a diversity of societies, traditions, and religions.4 However impressive 
and overwhelming the power and possibilities of modem technology may be, 
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the rise of this global, technical culture cannot be accounted for from that 
alone. Technology owes its central position primarily to the spiritual 
background of our culture, viz. to a technical way of regarding reality that has 
dominated Western thinking for centuries. To gain a clearly focused view of 
modern times one therefore does well not to pay exclusive attention to 
technology and its problems but to look as well at the technical world 
picture. 

The history of the technical world picture, which has often been referred 
to by the narrower term "mechanistic," is closely related to the rise and 
development of classical natural science. Therefore this world picture, which 
E.J. Dijksterhuis discusses in his famous historical study, The Mechanization 
of the World Picture,S can also be described as a scientific world picture. 
Various scholars have investigated how the technical or scientific world 
picture evolved in association with the progressive development of natural 
science and technology. Thus in the seventeenth century models were derived 
from the construction and operation of a mechanical clockwork and in the 
nineteenth century from the steam engine. Still rather recently - since the 
fifties in our own century - the rise of systems thinking and computer 
technology has produced another drastic alteration of the world picture. 

Fundamental to the claim of Ludwig von Bertalanffy, the father of systems 
thinking, and a group of thinkers associated with him (Kenneth Boulding, 
R.L. Ackoff, Ervin Laszlo) is the idea that systems thinking overthrows the 
centuries-old technical world picture, puts a new world picture in its place, 
and so offers a new perspective in a culture scarred by scientization and 
technicizatlon. The "organismic trend" in systems thinking, upon which von 
Bertalanffy pinned his hopes, can, however, be criticized as a disguised form 
of technical reductionism.6 

The work of the systems thinker and computer expert Herbert A. Simon 
occupies a somewhat distinctive place in the systems field. Simon cannot be 
included in the group of systems thinkers associated with von Bertalanffy, 
who are more or less aware of the dangers inherent in the technical world 
picture and intent on breaking its spell. On the contrary, Simon may be 
characterized as one of the most fervent and also extreme propagandists of 
the new technical or scientific world picture inspired by computer technology 
and systems thinking. Examination of his views indicates how far the main 
stream of systems thinking since von Bertalanffy has diverged from his 
deepest, original intentions. Not only is the organismic trend he advocated no 
different in principle from the mechanistic trend he opposed, it has also 
proven to be of little importance. 
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2. HERBERT A. SIMON 

The broad research interests of Herbert A. Simon, who was born in Mil
waukee, Wisconsin, in 1916, span the disciplines of computer science, 
psychology, and business adminstration, as well as economics. This professor 
at Carnegie-Mellon University, Pittsburgh, thus seems to be the ideal 
interdisciplinary systems thinker. He began his scientific career with a now 
classic study entitled Administrative Behavior (1947),7 which deals with 
decision-making processes in economic organizations. For his pioneering 
work in this field he was awarded the Nobel Prize in economics in 1978. 

Central in Simon's approach is the role played by rationality in human 
acting and deciding. In opposition to the prevalent view in economic theory 
that decisions must be regarded as the result of peifect, unbounded 
rationality, Simon developed the view that human rationality is restricted and 
bounded. Indeed, he considers the theme of rationality, in particular of the 
possibilites and the limits of human reason, as the heart of all his scientific 
work. Looking back almost forty years later, Simon opens Reason in Human 
Affairs (1983) with the statement: "The nature of human reason - its 
mechanism, its effects, and its consequences for the human condition - has 
been my central preoccupation for nearly fifty years" (p. vii).8 

A few years before the appearance of Administrative Behavior, the first 
electronic digital computer was built. In the years after 1947 modern systems 
approaches - cybernetics, general systems theory, and the like - made their 
appearance in the sciences. Both systems theory and computer technology 
were of great importance for Simon's research activities from the fifties 
onward. 

It is important to notice that Simon was intimately involved with the 
introduction of the cpmputer into modern organizations. At first the function 
of the computer involved little more than replacing existing bookkeeping and 
key punch machines for processing administrative data in the organization. 
Gradually, the task of the computer expanded to support decision making at 
various levels in the organization. By applying such mathematical methods as 
operations research, it proved possible to formalize particular human 
functions so that they could be automated. A trivial example of a routine 
decision by the computer is printing a standard letter in cases of nonpayment 
of bills. Possibilities extend far beyond this, however. The short- and long
term prospects were first presented by Simon in his book, The New Science of 
Management Decision (1960). 

One can see that the new technological possibilities of the computer 



70 SYTSESTRIJBOS 

provided the occasion for opening up new fields of scientific research. The 
application of the computer in decision-making processes confronts the 
researcher with fundamental questions, such as: How do people think? How 
do they solve problems? Linked directly to such questions is another: To 
what extent can human thought processes be transferred to the computer? In 
the fities, Simon and Allen Newell carried out pioneering scientific studies 
bearing on these questions. Their collaboration resulted in fundamental 
contributions to cognitive psychology and to the field known today as 
artificial intelligence. 

The basic idea underlying Simon and Newell's investigations is that both 
humans and the computer can be regarded as information processing artificial 
systems. An elaboration of this basic idea is presented in The Sciences of the 
Artificial (1969, revised edition 1982). Here Simon aspires to advance a 
general theory of artificial systems. As he says of this work later: "I described 
properties that are common to all adaptive (artificial) systems, giving us a 
basis for constructing a general theory of such systems" (Reason in Human 
Affairs, p. 5, italics added). 

These points are dealt with more fully below. Simon's systems-theoretical 
framework of thought is examined first, by way of analysis of the fundamen
tal distinction between the natural world and the artificial world and Simon's 
view of the sciences of the artificial. Following this, Simon's view of the 
implications of the computer revolution for various aspects of organizations 
is taken up and critiqued. 

3. THE NATURAL WORLD AND THE ARTIFICIAL WORLD 

Basic to Simon's systems-theoretical views is the distinction between two 
terrains in reality: the natural and the artificial. The natural world is partly 
separate from the human - think, for example, of a jungle - and partly tied to 
humans. The artificial realm includes the whole of human culture. The 
coherence between the two worlds is in the human as well as in what humans 
bring forth. The human functions using intellectual activities in the artificial 
world. This artificial or human world is tied, however, to the natural world, 
through the human brain. Furthermore, human artifacts must obey the same 
natural laws that natural things obey. In this sense artifacts are not isolated 
from nature. What particularly distinguishes them from the natural world is 
that they also derive their identity from the human purposes which they 
embody.9 

Generally, we employ the term "artificial" in connection with technology, 
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which we then consider to be a particular sector of culture. Simon takes the 
world of the artificial in a much broader sense. He strives to impress upon his 
readers that it is not only the technician who creates artifacts but also, for 
example, the physician who decides upon a plan of therapy for a patient, or 
the businessman who develops a sales strategy.lO Both the medical therapy 
and the sales strategy, and many more cases besides, belong to the artificial 
realm designed by human beings. In fact, in Simon's perspective, the 
artificial world includes all human activities and the whole of human culture. 
Artificial contrasts with natural and pertains to all that man has made. I I 

Thus what is given naturally is confronted by Simon with what is human
made or has been brought into being through "synthesis." While science is 
concerned with the analysis of reality, technology aims at synthesis, that is, at 
designing or composing: 

As soon as we introduce "synthesis" as well as "artifice," we enter the realm of 
engineering. For "synthetic" is often used in the broader sense of "designed" or 
"composed." We speak of engineering as concerned with "synthesis" while science is 
concerned with "analysis" (Sciences of the Artificial, p. 7, italics added). 

Following Simon's argument, then, one can describe the artificial world as a 
"technical world," although Simon himself does not employ this phrase. The 
artificial or technical world includes the entire world formed by human 
beings. I have already observed that Simon employs the term "artificial" in a 
broad sense and that he does not want to restrict it to artifacts such as 
computers, airplanes, and the like. The concept "technology" undergoes a 
similar broadening: He does not regard it as essential in speaking of technol
ogy that there be physical artifacts. The essence of technology is the 
knowledge, the construction plan or design, underlying the artifact. He 
accordingly includes social planning, for example, as part of technology.I2 

The word "technology" usually connotes to us the physical artifacts we have created 
to assist us in our work and in our pleasure: airplanes, television, power plants, 
automobiles, computers. At a more fundamental level, technology does not consist of 
things but of the human knowledge that enables us to build and use these artifacts. 
Technology resides not in objects, but in knowing (Man and His Tools, p. 1, italics 
added). 13 

4. THE SCIENCES OF THE ARTIFICIAL 

A key problem that constantly engages Simon is that of how the artificial 
world, the result of human action, can be charted by science. Again and again 
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one encounters the following difficulty in principle when studying artificial 
phenomena: they give the impression of being contingent, in contrast to 
natural phenomena, which reveal a necessary character.14 This gives the 
natural sciences a certain edge with respect to the sciences of the artificial. 
While the former have succeeded in the last centuries in getting to the bottom 
of natural phenomena, the latter are still practically in their infancy. In this 
connection Simon recalls the well-known saying of the sixteenth-century 
Dutch physicist and mathematician Simon Stevin: "Wonderful, but not 
incomprehensible" (Sciences of the Artificial, p. 4). 

Simon's meaning is clear: It is the task of science to discover the hidden 
pattern in the artificial world of man. To carry out this task one will have to 
begin by defining clearly the domain which is to be the object of the sciences 
of the artificial. Simon provides four criteria: (1) artificial things arise via 
synthesis by human beings; (2) artificial things may imitate the appearances 
of natural things while actually differing from them in many respects; (3) 
artificial things can be characterized in terms of functions, goals and 
adaptations; and (4) artificial things are discussed in imperative as well as 
descriptive terms. IS According to the third criterion, artifacts can be viewed 
from the standpoint of systems theory as adaptive systems seeking the 
attainment of certain goals. This characteristic assumes that in artifacts there 
is a relation between: (1) the goal, (2) the inner environment, the nature of 
the artifact, and (3) the outer environment, the surroundings in which the 
artifact functions. For the theoretical analysis of artificial systems two 
approaches are possible in principle. 16 

First, it is possible in the case of a given artifact to examine it without 
considering its goal and adaptation to the surroundings. In such a case the 
artifact would be discussed in the same way as a natural object, namely, in 
natural-scientific terms. Simon takes as an example the theoretical discussion 
of an airplane and a bird. With respect to an airplane, we can describe its 
inner environment (its power plant, for example), its outer environment 
(atmospheric conditions), and the relation between the two (the movement of 
an airfoil) in a natural-scientific way, just as we can with respect to a bird. 

Given an airplane, or given a bird, we can analyze them by the methods of natural 
science without any particular attention to purpose or adaptation, without reference to 
the interface between what I have called the inner and outer environments (Sciences of 
the Artificial, p. 10). 

Second, one can investigate the behavior of artifacts not as natural objects 
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obeying natural laws but by the method of systems theory as adaptive 
systems. Then attention is devoted to "something other" than the inner and 
outer environments analyzable by natural science. What is it that concerns the 
sciences of the artificial? Simon uses the term "interface." An artifact can be 
thought of as an interface between an inner and an outer environment, that is, 
between the substance and organization of the artifact itself, and the surround
ings in which it operates. The interface assures that certain goals are attained 
through adaptation of the inner to the outer environment. I? 

The analysis of artifacts in terms of adaptive systems results in a so-called 
functional explanation. With this approach it is possible to predict behavior 
without knowing much about the inner environment of the artifact. For 
example, if we know that a commercial organization aims to maximize 
profits, then it is often possible to predict what it will do when economic 
circumstances change, even though we know nothing about its intemal 
structure. In making such predictions we assume that the internal structure in 
question places no limits on the adaptation of the artificial system to its 
altered surroundings. If that assumption is unwarranted, then the system will 
respond only partly to the so-called task environment or surroundings. Partly 
it will be determined by the limiting properties inherent to the inner structure 
of the artificial system. IS 

One has to note that the approach to artifacts thus described and the 
functional account of their behavior are not exclusive; they apply equally to 
many biological phenomena. For just as the artificial world embodies human 
goal-seeking, so the natural world exhibits its own goal-seeking. Simon 
adduces as an example that many arctic animals have white fur. A functional 
explanation for this is that in the arctic environment, white is the most 
suitable color for remaining unnoticed by natural enemies. White animals 
thus have the best chance of surviving in this environment. By natural 
selection or some other mechanism an evolutionary process is brought about 
of adapting to the biological environment. 

Extending the analogy with the natural world, one can go on to ask how 
the adaptation to their surroundings of artificial systems made by humans is 
realized. Simon is convinced that humans playa central role here, analogous 
to that of natural selection in evolutionary biology.19 Reason functions, in 
other words, as the mechanism of adaptation in the artificial world. As I 
observed earlier, Simon considers the investigation of human rationality to be 
the heart of his scientific work, so it is appropriate to tum to this issue. 
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5. "THINKING MAN" AS AN ARTIFICIAL SYSTEM 

Simon's view of the artificial world in a general sense can be regarded as a 
later philosophical or theoretical expression of the basic idea that guided his 
scientific investigations of human thought processes from the outset - of the 
idea, namely, that the thinking human being is an artificial system, of the 
same type as the computer.21 Notice carefully that Simon is not guided by the 
idea that human thought can be viewed as if it is artificial; no, human thought 
is artificial. The comparison of human and computer is, in his view, a 
comparison of two artificial systems of the same kind - namely, information 
processing systems, which he also calls symbol systems. 

The computer is a member of an important family of artifacts called symbol systems, 
or more explicitly, physical symbol systems. Another important member of the family 
(some of us think, anthropomorphically, it is the most important) is the human mind 
and brain (Sciences a/the Artificial, pp. 26-27). 

It can be asked what status Simon grants the proposition that human thought 
is artificial and that computers can think. Are we dealing here with an 
ontological conception that regards facts in a certain light or are we dealing 
with a variable scientific statement? Simon emphasizes the latter: the 
proposition has the character of a scientific hypothesis. He formulates it more 
formally as follows: 

Stated a little more formally, the hypothesis is that a physical symbol system of the 
sort I have just described has the necessary and sufficient means for general intelligent 
action. The hypothesis is clearly an empirical one, to be judged true or false on the 
basis of evidence (p. 28). 

Now, how can this hypothesis be tested empirically? Simon believes there are 
two possibilities. One is to develop computer programs and then to inves
tigate their intelligent behavior. The other is to assemble experimental data 
about the psychology of human thought, in order to ascertain if the human 
brain functions as an artifact, in this case as a symbol system. 

Let us take a closer look at Simon's discussions of cognitive psychology. 
The central question is: How do people think in solving problems? What 
tortuous path does their thinking take from a certain starting point (the 
problem) to a terminus (solution)? Why do people in their thinking not move 
in a straight line from start to finish? In connection with his hypothesis that 
human thought has to be viewed as an artificial system, Simon comes to the 
position that human behavior, in thinking, only gives an appearance of 
complexity but is in fact very simple. The complexity manifest in the thought 
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process is not inherent in thinking but is a reflection of the complex problem 
environment. Thus Simon arrives at the following reformulation of his 
original hypothesis: 

A man, viewed as a behaving system, is quite simple. The apparent complexity of his 
behavior over time is largely a reflection of the environment in which he finds himself 
(pp. 65, 95). 

Simon illustrates this hypothesis with an example. Observe an ant making its 
way across the uneven surface of a beach. Zigzagging, the ant seeks its way, 
adapting to the obstacles it encounters en route, sensing infallibly all the 
while where its nest is. The complexity of the path taken by the ant resides in 
reality not in the ant but in the surface of the beach. In this case too one can 
speak of artificial behavior, that is, of the behavior of an adaptive, goal
seeking system.22 In his psychological studies of human thought, Simon thus 
proceeds from the assumption that the human being is an adaptive system. In 
this case the outer environment is formed by the problem - there is a so
called problem environment - while the inner environment consists of the 
psychological mechanism, the human brain, which enables thought. As an 
adaptive system a human in his thinking behavior will reflect mainly the 
characteristics of the outer environment and only a few traits of his inner 
environment. 23 

To gain empirical verification of the hypothesis in question, Simon and 
other researchers have carried out psychological experiments with human 
subjects. They have investigated, for example, the ways in which chess 
problems and so-clllled cryptarithmetic problems are solved. It is easy to see 
that it is beyond the capacity of people confronted with such problems to 
consider all the possibilities. How, then, is the problem tackled? Experiments 
show that a human being is capable of employing different strategies, 
whereby the search through the extensive maze can be reduced drastically -
the more sophisticated the strategy, the less search work required to bring the 
problem to a good solution. The procedure of trial and error is virtually fully 
replaced by a combination of searching and reasoning. Once the strategy has 
been established, the course of the search process appears to depend only on 
the structure of the problem and not to be influenced by one or another 
characteristic of the problem solver.24 

Yet it is possible through observation of the problem solver, human or 
computer, to infer characteristics of the inner environment. From the 
mistakes made and the capacity to recover from them something can be said 
about the capacity or preciseness of the memory, the elementary speed of the 
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thought processes, and so forth. From this sort of psychological research into 
the limitations of the inner environment of humans as thinking behavior 
systems, it appears that humans have a practically unlimited semi-permanent 
storage capacity in their memory - for example, one retains certain facts or 
events throughout one's entire life - but the capacity of working memory is 
much more restricted.25 In the end Simon concludes that all the experimental 
psychological research has corroborated his hypothesis concerning human 
thought behavior. It is indeed adapted to goal-seeking and is therefore 
artificial in terms of the previously stated definition. There is therefore no 
essential difference between human beings and computers as information 
processing systems. 

This conclusion has evoked a great deal of criticism, because it means that 
the human being no longer occupies a unique place in reality as a rational 
animal. "Now information processing challenges this last refuge of man's 
uniqueness" (Man and His Tools, p. 15). The philosophical criticism of 
Hubert Dreyfus (1972) and Joseph Weizenbaum (1976) Simon rebuts with 
the observation that it is based on a presumptuous view of what it is to be 
human.26 Rejecting such a view may not be equated with surrendering human 
dignity. Human worth does not depend on some unique position human 
beings might be thought to occupy in reality. Thus, though he begins his 
reflections with a sharp distinction between nature and artifice, Simon arrives 
at the idea that the human is fully exhausted in nature: 

We have learned that our human worth does not depend upon our remaining apart 
from nature. On the contrary, the human future depends on our being truly and fully a 
part oj nature. Information processing psychology, far from threatening our place in 
things, gives us further evidence of the closeness of our kinship with all creation (Man 
and His Tools, p. 16).27 

6. INTERIM ASSESSMENT 

Initially we distinguished two main points regarding Simon as a systems 
thinker: first, the systems-theoretical framework of his thought and, second, 
his view of the implications of computer technology for society. Before 
turning to the second point, it will be useful to place a number of critical 
comments in the margin apropos of what has already been said. 

Simon employs the fundamental distinction between two terrains in 
reality: the natural and the artificial. At first glance the introduction of the 
term "artificial" appears to be a neutral affair with respect to which no view 
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of reality is yet at stake. But that is only apparently so, as can be seen from 
three observations. 

First, the term "artificial" levels the rich diversity in the human creating 
and preserving of culture. The examples mentioned, of a plan of medical 
therapy and of a commercial sales scheme and technical design, may be alike 
in the sense that all three are the result of human mental activity, but in the 
cultural sense they are entirely different. 

Second, not only does the term "artificial" level all cultural diversity, it 
brings all human cultural creation into the sphere of technology. The world of 
the artificial is in Simon's train of thought nothing other than a world that can 
be constructed in a technical way. 

Third, Simon's view puts human thought under the sway of the technical 
world picture. Thinking human beings are considered in the image of 
artificial, information-processing systems. Simon believes there is no 
essential difference between human and computer as information-processing 
systems because human beings are information-processing systems. 

Against this view one can make two points: (1) That Simon casts his 
conception of man and computer in the form of a serious scientific hypothesis 
strikes the objective reader as somewhat remarkable, to say the least. What 
facts justify such a far-reaching hypothesis and are clarified by it? There are 
no such facts, nor does Simon present any. Naturally, as is generally known, 
there are computer programs which enable people to solve complex problems 
- for example, chess problems. Yet it is incorrect to conclude from this that 
the human being, like the computer, is just an information-processing system. 
All that has been established is that computers are able to imitate a certain 
part of human thought behavior. But this is not the creative core of human 
thinking, from which Simon abstracts. 

(2) Simon's comparison of humans and computers is based on a systems
theoretical method of analysis. In other words, Simon views the thought 
behavior of humans and of computers as the behavior of systems which, 
adapting to their environments, seek certain goals. And the environment is in 
this case a certain problem environment. What Simon makes no allowance 
for is that for human beings the problem environment is not an incontestable 
permanent given. In a certain sense one can say that problems first arise when 
human beings define them. Human beings possess the unique capacity to 
impose a particular measuring stick upon reality and to formulate problems in 
terms of it. In essence, that is the puzzle of human creativity and respon
sibility, which Simon completely ignores. He addresses human thought only 
after a problem environment has been defined. That is why his comparison of 
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the human and the computer breaks down. The problem environment of the 
computer is already defined and set for it beforehand, in that human beings 
work with great precision to define it and to develop it in a program. But the 
thinking human being defines his problem environment for himself. If this 
point is overlooked, then one is compelled to arrive with Simon at the 
eradication of the fundamental boundary between human and computer. As 
might be expected, this view of human and computer works its way into 
Simon's reflections on the importance of computer technology for society. 

7. REFLECTIONS ON COMPUTER TECHNOLOGY 

The social consequences of computer technology are compared by many, 
including Simon, to the far-reaching effects of the steam engine. In this 
connection there is talk of the first and second industrial revolution, or of the 
energy revo!ution and the infOlmation revolution.28 Various sectors of 
society have already been affected profoundly by computer technology. 
Experts are of the opinion that we are still at the threshold of an enormous 
development, the scope of which is virtually beyond comprehension. The 
dynamics of the field in which computer technology and its applications is 
developing makes reflection upon it a difficult assignment. Not only do 
people feel overwhelmed by the developments; they have also to take 
seriously into account unanticipated new possibilities and unexpected 
problems. The time and the serenity needed for thorough social preparation 
for computer technology seem almost entirely nonexistent. 

Given' this situation, which in the meantime has become characteristic for 
the whole of modem technology, it must be considered extremely worthwhile 
if in the first place the experts involved make a contribution to the process of 
reflection. Their knowledge of the facts and insight into the possibilities can 
guard us against unfounded optimism or pessimism. Yet according to Simon 
we need not be surprised that among the experts there is no common opinion. 
He attributes this to the fact that the social consequences of technological 
developments are also difficult for the experts to assess. That has been true of 
earlier technological developments as well. "We only have to look back at the 
history of the automobile, the airplane, or the radio to see how different is the 
understanding required to introduce and develop a new piece of technology 
from the understanding needed to assess its economic and social implications, 
to anticipate them, and to deal with them" (New Science of Management, p. 
3). 

Since no agreement is to be expected from the experts about the assess-
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ment of computer technology, it seems virtually impossible for a layman to 
form an opinion. Which expert, after all, should we follow? Yet there is a 
simple yardstick available, Simon says; we choose the experts who on the 
basis of common sense can make clear how they have arrived at their 
standpoint. Yet it can be asked whether in practice common sense - what, 
precisely, is it? - affords such a solid point of departure. Must one not rather 
infer from the existing differences of insight that the "common knowledge of 
the world" to which Simon would appeal must not be overestimated, to say 
the least?29 

To make his own views clear for the layman, Simon distinguishes three 
dimensions in discussions of computer technolgy: a technological, a social
economic, and a philosophical dimension. Each of these dimensions has two 
extremes: the poles of radicalism and conservatism. Furthermore, it also 
needs to be noted that the philosophical dimension is not entirely different 
from the technological. While the latter pertains to the possibilities of 
computers, the philosophical dimension is concerned with human nature. Do 
human beings possess unique faculties that cannot be equalled by computers? 

Simon summarizes his position in the debate about computers as follows: 
"I am a technological radical, an economic conservative, and a philosophic 
pragmatist" (New Science of Management, p. 6). These three elements of 
Simon's position mean: (1) computers are able to do the same work that 
people do (technological radicalism); (2) automation will not drastically 
change the economic world (economic conservatism); (3) practice will have 
to show any eventual limitations the computer may have in comparison with 
human beings (Philosophic pragmatism). 

8. THE COMPUTER AND DECISION MAKING 

In decision-making processes in organizations, the computer is being used 
more and more at all levels. To make this possible, the decision-making 
process needs to be subjected to precise analysis. Decision making in 
Simon's conception involves the following four main phases: (1) determina
tion of the moments of decision; (2) determination of the various possibilities 
for action; (3) choosing from among the options presented by the second 
phase; and (4) evaluation of choices made. At the same time, it should be 
noted that the process is in reality much more complex than a simple 
sequence of the four phases. 30 

On the broad scale of the problems involved in decision making Simon 
distinguishes two extremes, which he refers to as "programmed" and 
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"unprogrammed" decision making. Between these extremes is a continuum 
of transitional types. In the case of a programmed decision, human beings 
traditionally relied on routine, while at the other extreme they were always 
guided by creative insight and intuition. The terms, "programmed" and 
"unprogrammed," Simon has borrowed from computer technology; a 
program is a detailed prescription indicating a sequence of operations in a 
computer. 

Introduction of the computer has wrought revolutionary changes across 
the entire spectrum of human decision making since the Second World War. 
This was true initially in the area of routine, programmed decisions. One 
must think in this regard of so-called operational analysis or operations 
research which, although there is no historical connection, can be considered 
a continuation of the older "scientific management" of Frederick W. Taylor. 
Computers have made it possible to simulate the behavior of processes on the 
basis of mathematical models. With the aid of computer simulations it has 
proven possible to solve complex problems, such as traffic problems, in a 
scientific way. 

Although developments in the area of programmed decision making are 
still in progress, we have by now been able, Simon believes, to acquire a 
picture of their scope and significance. This holds in much smaller measure, 
as he sees it, for developments in the area of unprogrammed decision making, 
which made its appearance in the sixties. In the meantime, research into the 
human thought process has shown, Simon ventures to say, that the so-called 
mystery of thought is based on an illusion. It has turned out to be possible to 
develop computer programs that solve a problem in exactly the same way 
people do. In short, the challenging conclusion is: "The secret of problem 
solving is that there is no secret" (New Science of Management, p. 69). 

The possibilities that the computer offers for simulating human thought 
processes are of practical import for organizations in two respects.31 First, it 
will lead to the automation of certain unprogrammed decision-making tasks. 
Where the line will eventually be drawn between automated tasks and those 
which emphatically require human intervention is difficult to predict. The 
computer will not always be introduced where technically feasible because it 
may not be economically advantageous. Second, the computer derives its 
practical importance not only as a replacement but also as a support for 
anyone within organizations. In the latter case, human beings working 
interactively with computers remain fully involved in decision making. The 
computer in this case provides support functions that aid the process of 
human thought. 
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9. COMPUTERIZING THE ORGANIZATION 

The introduction of the computer into the organization to aid decision
making processes also has effects on many other aspects of the organization. 
Most important are its effects on the structure of the organization, on 
centralization versus decentralization, and on the functioning of authority and 
responsibility.32 

9.1. The structure of the organization 

An organization of people in a specific· cooperative combination can be 
thought of as constructed on three levels. At the lowest level the basic work 
processes take place; in a factory, for example, it is at this level that materials 
are imported and the product is made, stored, and transported. The everyday 
comings and goings in this lowest level of the organization fall under the 
management of a middle level, where routine, programmed decision-making 
processes take place. In the top level, long range policy is worked out on the 
basis of unprogrammed decision-making processes. 

Computerization will in principle not alter this three-level structure of the 
organization, according to Simon. To be sure, one can anticipate that the 
relations between the levels will become clearer as a result of an explicit and 
formal description of the total system. Such a formal description is a 
prerequisite for introducing the computer into complex decision-making 
processes. The structure of the entire system must be designed first, 
whereupon it becoIl1es possible to use the computer at key points. 

Besides having a three-level structure, an organization can also be 
characterized as a whole made up of parts. An organization consists of 
components, which in their tum are made up of components, and so forth. 
This whole-parts construction implies a hierarchical structure. Hierarchy is in 
fact not a specific characteristic of organizations but a characteristic of 
systems in general.33 Simon makes the judgment that this hierarchical 
structure of the organization will not be damaged by computerization. For 
with the application of computers it will also be necessary to identify the 
structure of the decision-making process and in so doing to impose a 
hierarchy on the organization. Nevertheless, computerization can have a 
significant impact on the other aspects of the organization that have been 
mentioned. Differences can thereby arise between organizations with respect 
to the degree of centralization as well as with respect to authority and 
responsibility . 
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9.2. Centralization versus decentralization 

Centralized decision making is often equated in people's minds with a 
bureaucratic, authoritarian, and dehumanizing system, while decentralized 
decision making is viewed as a prescription for personal development of the 
individual and the humanizing of the organization. Simon correctly rejects 
such an absolute opposition: "The question is not whether we shall decentral
ize, but how far we shall decentralize" (New Science of Management, p. 115). 

Thus in the first decades following the Second World War there was a 
clear trend toward decentralization, which went hand in hand with strong 
corporate growth. In the last decade the trend seems to have turned toward 
centralization. The latter trend has been further reinforced, according to 
Simon, by the introduction of the systems approach and computer technol
ogy, which have shaped new possibilities for a far-reaching centralization of 
the entire corporate process. 

9.3. Authority and responsibility 

In Administrative Behavior Simon analyzes organizations in terms of 
decision-making processes. He views an organization as a system that 
interconnects the decision making of its members. Within an organization the 
decision-making behavior of one person is linked to that of others. Those 
who have the power to control the behavior of others in the organization use 
it to exercise authority, according to Simon. And he defines authority in the 
following terms: 

"Authority" may be defined as the power to make decisions which guide the actions 
of another. It is a relationship between two individuals, one "superior," the other 
"subordinate." The superior frames and transmits decisions with the expectation that 
they will be accepted by the subordinate. The subordinate expects such decisions, and 
his conduct is determined by them (Administrative Behavior, p. 125). 

Or more briefly: "Authority is exercised whenever a person allows his 
decisions to be guided by decision premises provided to him by some other 
person" (New Science of Management, p. 96). 

The criticism that authority is dehumanizing by nature, because it may not 
be compatible, for example, with the self-realization of the individual, is 
controverted, according to Simon, by practice, which shows just the opposite. 
People have been shown to feel ill at ease and to be hindered in their 
development if there is no structure in their surroundings. The organization 
offers the best circumstances for self-realization when it achieves the right 
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balance between freedom and the limitation of freedom. Where precisely this 
balance must lie is of course not easy to say, but Simon is certain that the 
experience of freedom and responsibility does not require total independence 
from one's surroundings. To make this clear he draws a comparison with the 
situation of a sailor who must constantly react to the changing circumstances 
of the wind and the waves. "One does not feel unfree handling a sailboat, 
even though most of one's responses are governed by the moment-to-moment 
demands of wind and wave" (New Science o/Management, p. 121). 

This example of the sailor illustrates yet another point: It makes no 
difference according to Simon whether man's freedom is restricted by human 
power or by other factors in his surroundings. With respect to the com
puterization of the organization he is therefore of the judgment that human 
authority relations can be transferred without objection to a rational
technical-organizational system. As automation progresses, such a system 
will increasingly function without human intervention. The task of the 
manager of the future will ultimately consist of guarding and improving 
automated systems. "Line management, as we have known it in the past, will 
be a smaller part of the job, and managers will spend much of their time and 
effort as members of task groups engaged in analyzing and designing policies 
and the systems for implementing them" (New Science 0/ Management, p. 
123). 

FINAL ASSESSMENT 

My interim assessment argued that Simon's thought is governed by the 
technical world picture. This is also clear from the standpoint he adopts in the 
debate about computer technology. Simon is, as he says, a technological 
radical and a philosophic pragmatist. Here it must be asked critically whether 
practice is able, as he believes, to serve as the referee between the extreme 
positiQns of philosophic conservatism and radicalism. In other words, can the 
on-going actual development of computer technology indeed decide the 
question of whether there is or is not a strict boundary between human 
possibilities and those of the computer? 

Simon proceeds here on the incorrect assumption that practice is an 
independent affair. Practice, in this case the development of computer 
technology, is always judged from a particular perspective and developed 
further in the light of that perspective. If the radical believes that human 
beings are not unique and that computers are able in principle to do all human 
work, then practice will not be able to disprove him. When the computer 
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cannot do certain things, the defense can always be that future developments 
will solve the problem. It should therefore not be surprising that Simon has 
never withdrawn his presumptuous and confident assertions of the sixties. 
Practice will never be able to convince him of error, at most it will be able to 
disillusion him. But Simon's faulty view of the human does have conse
quences for practice; it adapts to the technical world picture. The 
anthropomorphic view of the computer and the computeromorphic view of 
humanity cannot fail to be reflected in the process of technicization. 

Consider again Simon's view of freedom and responsibility in the 
organization. Simon advocates a functionalist view of authority. Authority is 
a necessary function of the organization, such that some have the power to 
make decisions while others must obey. According to this conception a 
certain inequality of power is essential for a relation of authority. Authority 
implies a hierarchical relation between two persons, a relation of chief and 
subordinate. 

Proceeding from a mechanistic view of human behavior, Simon introduces 
a reduced conception of authority at this point. 34 Within the technical world 
picture, which governs all his thought, authority can only be a technical
organizational or mechanistic regulating function within the organization. It 
is on the basis of this view of authority that Simon opposes the notion that 
authority stands in the way of the self-development of the individual. Self
development as he sees it depends upon a certain limitation of individual 
freedom, whereupon the idea of freedom also acquires a functionalist content. 
Freedom in that case, as one will find elaborated more extensively in the 
writings pf the systems philosopher Ervin Laszlo, is reduced to the cyberneti
cally regulated tolerance of the individual within the limits of a system.35 

And these limits are determined by various factors, including that of authority 
as the power of technical control. 

Although Simon correctly understands the indispensable role of authority 
for human society, his view of it fails. Because he proceeds from a reduced 
view of authority, freedom, and responsibility, Simon has no objection, upon 
introducing the computer, to replacing personal relations of authority in the 
organization with an impersonal technical-organizational structure. Therefore 
the deeper cause and meaning of the criticism that is brought to bear against 
the dehumanizing character of authority construed as power also eludes him. 

Free University, Amsterdam 
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NOTES 

Translated from Dutch by Herbert Donald Morton. 
2 Sytse Strijbos, Het Technische Wereldbeeld: Een Wijsgerig Onderzoek van het 
Systeemdenken [The technical world picture: a philosophical investigation of systems 
thinking] (Amsterdam: Buiten and Schipperheijn, 1988). Includes an English 
summary. 
3 "Culture" is here taken in the current broad sense; it can be defmed as "whatever 
gives form to existence." It would perhaps be more precise to distinguish between the 
activity that forms a culture and its results. In that case, the broad meaning would 
require a better definition: "Whatever forms or gives form to existence, including the 
result or outcome." 
4 The renowned British cultural historian, Arnold Toynbee, presents a fascinating 
account of the meeting of Western with other cultures, including the accompanying 
process of technological global integration. See his Change and Habit: The Challenge 
of Our Time (London: Oxford University Press, 1966). 
5 E.1. Dijksterhuis, The Mechanization of the World Picture (Oxford: Oxford 
University Press, 1961; Dutch original, 1950). In the mechanistic world picture, the 
artificial, technologically formed object serves as the model for reality as a whole. 
Mechane means artificial. One can, therefore, equally well speak of a technical (or 
technological) world picture. That is in fact what I prefer, since not every technical 
object is mechanical. 
6 I elaborate on this in my book cited in note 2, above. For Ackoff, see his 
Redesigning the Future: A Systems Approach to Societal Problems (New York: 
Wiley, 1974); and for Boulding, see his The Image: Knowledge in Life and Society 
(lIth ed.; Ann Arbor: University of Michigan Press, 1977; original, 1956). 
7 Herbert A. Simon, Administrative Behavior: A Study of Decision-Making Processes 
in Administrative Organization (2d ed.; New York: Free Press, 1976; original, 1947). 
8 Throughout the rem~inder of the paper, I will use short titles of Simon's books in 
the text, with page citations in parentheses. 
9 Simon, The Sciences of the Artificial (2d ed.; Cambridge, Mass.: MIT Press, 1982; 
original, 1969), pp. 5 and 6. 
10 Ibid ... p. 129. 
1J Ibid., p. 6. 
12 Ibid., chapter 5, "Social Planning: Designing the Evolving Artifact." 
13 See also Simon, The New Science of Management Decision (3d ed.; Englewood 
Cliffs, N.J.: Prentice-Hall, 1977; earlier editions, 1960 and 1965), pp. 165ff. 
14 Sciences of the Artificial, pp. ix-x. 
15 Ibid., p. 8. 
16 These two approaches to the theoretical analysis of artificial systems agree on the 
distinction within systems theory between structural and functional descriptions of 
systems. Von Bertalanffy formulates the distinction this way: "Internal description is 
essentially 'structural,' i.e., trying to describe the system's behavior in terms of state 
variables and their interdependence. External description is 'functional,' describing 
the system's behavior by its intervention with the environment." See Ludwig von 
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Bertalanffy, Perspectives on General Systems Theory: Scientific-Philosophical 
Studies (New York: Braziller, 1975), p. 163. 
17 Simon, Sciences of the Artificial, pp. 9 and 132. 
18 Ibid., p. 16. 
19 Ibid., p. II. 
20 Simon takes up the analogy between rational adaptation and evolution as a separate 
subject in Reason in Human Affairs (Oxford: Blackwell, 1983), chapter 2, 
"Rationality and Teleology." 
21 The view of human beings as artificial systems, according to Simon, is applicable 
not only to cognitive but to motivational, including emotional phenomena. See 
Sciences of the Artificial, p. 65, note, and New Science of Management (note 13, 
above), pp. 16 and 35. 
22 Sciences of the Artificial, p. 63. 
23 Ibid., pp. 62 and 97. 
24 Ibid., p. 7I. 
25 Ibid., pp. 72-77. In the context of his theory of human thought, Simon also devotes 
attention to linguistic abilities. Language, according to him, must also be regarded as 
an artificial construction. On this, see Sciences of the Artificial, pp. 89-95. 
26 Ibid., p. 97; see also New Science of Management (note 13, above), pp. 3-4. For 
Dreyfus, see his What Computers Can't Do (New York: Harper & Row, 1972); for 
Weizenbaum, see his Computer Power and Human Reason: From Judgment to 
Calculation (San Francisco: Freeman, 1976). 
27 See also New Science of Management, p. 37. 
28 Ibid., p. 166; see also Simon, Man and His Tools: Technology and the Human 
Condition (Amsterdam: Duijker-Lezing, Intermediair Bibliotheek, 1981), pp. 9-10. 
29 New Science of Management (note 13, above), p. 8. 
30 Ibid., pp. 4Off. 
31 Ibid., p. 47. 
32 Ibid., pp. 11(}-123. 
33 See Simon, "The Architecture of Complexity," Proceedings of the American 
Philosophical Society 106 (December): 467-482.This article, frequently cited by 
people writing on general systems theory, is reprinted as chapter 7 in Sciences of the 
Artificial. 
34 See Alasdair Macintyre, After Virtue: A Study in Moral Theory (London: 
Duckworth, 1981), pp. 25-26 and 79-80, where a similar criticism is raised. 
35 See Ervin Laszlo, The Systems View of the World: The Natural Philosophy of the 
New Developments in the Sciences (New York: Braziller, 1972). 



LADISLA V TONDL 

CHANGES IN COGNITIVE AND VALUE 

ORIENTATIONS IN SYSTEM DESIGN 

The phrase, "cognitive and value orientations," when applied to technology, 
presupposes that a technological system is a materialization or instantiation 
of a set of cognitive features and a set of valuations. Discussions dealing with 
the explanation of technological change commonly point out the role of value 
orientations and the significance of decision making as influenced by 
accepted values. Discussions of new cognitive orientations in technology 
generally call for an bterdisciplinary approach involving the dynamics of 
behavior, spatial and temporal impacts, and prognoses with respect to the 
preparation for, the planning of, and the design of particular technological 
processes. New approaches in value orientations postulate that technical and 
humanitarian rationales can be combined; people speak of "human dimen
sions" or of the "controllability" or "manageability" or "acceptability" of 
technologies, or else they talk about solving "ergonomic" or "ecological" 
problems associated with technology. This essay is an attempt to clarify these 
changes. 

1. THE TERMS, "COGNITIVE ORIENTATION" AND "VALUE ORIENTATION," 

AS APPLIED TO TECHNOLOGICAL SYSTEMS 

Some recent Soviet discussions of the outlook for technical disciplines 
(Gorokhov, 1982), including system design and social/cultural engineering 
(Rozio, 1984; Sidorenko, 1984) - discussions that also have as their back
ground the experience of recent technological accidents, of the increasing 
likelihood of hazards and other negative impacts of particular technological 
developments - have focused attention, among other things, on two important 
interconnections. These tend to be called the "cognitive" and "value" 
orientations of technology or techno-engineering thought processes. The 
phrases are intended as generalizations and modifications of concepts 
stimulated by the pioneering work of Thomas S. Kuhn on the role of 
paradigms in scientific and technological development. In the usage of these 
Soviet writers, any scientific/technological artifact, anything new that results 
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from rational cognition or creative activity, should be characterized in terms 
of the knowledge claims or values projected into its creation. In these terms, 
any novelty in science or technology should be characterized as "theory
laden" (or "knowledge-laden") and "value-laden." 

It seems obvious that the increased complexity of technological systems -
as they are envisaged, planned, and designed - involves an increased range of 
knowledge at each stage, not only design, but also realization and implementa
tion. The synthesis, aggregation, integration of the required knowledge - bits 
of which, as a rule, come from different sources, from a variety of scientific 
and technicalines, and which include knowledge not only of what can 
be realized but how, under what conditions or limits - all of this requires a 
systems approach or a systematic analysis. As a result it is no wonder that the 
design of large-scale technological systems involves the management of 
organized teams made up of specialists from different fields - and not just 
scientific and engineering disciplines but also economists, biologists, medical 
specialists, and (most important) ecologists ("Inzhenemaya deyatelnost i 
nauka," 1986; Entwurf fUr eine Richtlinie, 1988). 

While the cognitive orientation and associated prerequisites of the 
conceptual preparation for the design of a technological product may seem 
obvious - something corroborated by the fact that this conceptual preparation 
for designing is always carried out by a specialist or teams of specialists - the 
situation is entirely different where the value orientation is concerned. 
Nonetheless, the origin of any technological product or process must 
inevitably involve particular evaluations and decisions, beginning with the 
assessment of extant needs, obligations, or requirements as acceptable or 
justified, and ending with the choice of a particular technical solution for the 
particular problem. These evaluation and decision processes always involve 
particular values, priorities, and criteria. This necessary characteristic of the 
origins of technological products remains necessary even when such values 
and decisions do not need to be formulated or expressed explicitly - even 
when they are concealed. Such evaluation and decision processes also reflect 
particular interests or demands of those involved in carrying out technologi
cal projects - another reason for saying evaluations and decisions are a 
necessary characteristic. 

The value orientation of technological projects - envisaged, planned, or 
designed - may, as several Soviet authors have recently indicated, at times be 
subject to a certain sort of contradiction. On one hand, it is rightly expected 
that a team of specialists will submit a solution that is optimal in terms of 
meeting the demands of the society as a whole while, at the same time, it 
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complies with the latest developments in science and technology, including 
the most up-to-date knowledge. On the other hand, any proposed technical 
solution must comply with the needs and interests of the customer - and 
perceived needs and interests may be narrowly biased, based on limited 
knowledge or limited value horizons; or they may be the result of outdated 
ideas or concepts, or of a single-interest and partial approach to technical 
problems that amounts to a bias. It may be assumed that this sort of contradic
tion is at least partly responsible for some of the deficiences still to be found 
in the area of investments; for the fact that technological development still 
tends to favor existent and sometimes even outdated technical paradigms, i.e., 
the repetition and continuance of previously accepted models, standards, 
designs, and technological methods; for increasing delays of technological 
projects - in other words, for inadequate attention being given to the role and 
importance of new technical directions. 

2. TECHNOLOGICAL TRENDS AND A PROPOSAL FOR A 

"TECHNOLOGICAL DIAGNOSTICS" 

In the past, analyses of technological trends and technical developments were 
carried out mainly using the term "innovation" introduced by Joseph 
Schumpeter. Authors focused their attention principally on the role and 
influence of technical innovations in economic development, on typologies of 
technical innovations, on so-called innovation cycles or rhythms, etc. Along 
with these went other analyses - of so-called "technological arrest," 
"technology transfer," the importance of "innovation clusters" (i.e., centers of 
scientific and technological creativity) - that were carried out in Western 
Europe and Organization for Economic Cooperation and Development 
(OECD) countries. Such analyses have provided a great many worthwhile 
incenti"es especially in terms of directing science and technology policies or 
programming and planning technological developments that show promise. 
(Although - despite a few initial promising efforts - the value of analyses of 
this sort has been badly underestimated in our country, leading to their 
discontinuation here, they remain worthwhile.) 

More recently, analyses of problem spheres different from those just 
mentioned, but that represent a certain expansion of them, have been 
initiated. Where the earlier efforts focused mainly on scientific and technical 
innovations, on their genesis, or on the technical, informational, or social 
prerequisites of developing them fruitfully, the more recent efforts have more 
commonly discussed problems related to a new and more general phrase, 
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"technological change." The essential differentiation of the latter from 
analyses that use concepts associated with the term "innovation" can be 
characterized simply. "Technical innovation" tends to emphasize changes 
that are required or desirable in the light of current technical possibilities and 
are generally assumed in advance to be beneficial ~ or, to be more precise, 
are assumed to lead to a reduction in entropy or disorder in processes in 
which humans control, manage, or utilize transformations in materials, 
energy, or information. By contrast, "technological change" equally well 
covers undesirable changes, changes that involve negative impacts (e.g., on 
the environment) or increased risks or an increased likelihood of accidents. 
Clearly this is not to say that the ratio of positive to negative impacts of 
technology is constant, that it cannot be altered to pursue more desirable 
directions or new technological changes of a more appropriate sort. 

Issues associated with the phrase "technological change" can be examined 
from a variety of viewpoints with different consequences. Such topics include 
the main trends and directions of technological development, their assumed 
or possible trajectories (typically expressed in tree or branching models), and 
the plotting of these directions according to temporal or spatial dimensions 
(this being little more than an expansion or generalization of earlier 
"technology transfer" analyses). Here one important problem area needs to be 
mentioned ~ an area that has recently received much attention under the 
heading, "explaining (or diagnosing) technical change." 

To explain technological change in this new broader sense requires 
analyses of the origins and of the course of particular technological develop
ments ~ typically, the reconstruction of causal links leading to a technological 
change of a particular sort. In such analyses, attention is paid chiefly to 
general relationships or to dependencies that have a repeatable character ~ so 
that, assuming identical or at least analogous conditions, an identical or 
analogous technological change can be predicted (Tondl, 1986b). For this 
reason, the approach is sometimes called "technological diagnostics." (In 
formal terms, explanations and diagnostic models have similar or analogous 
structures: each is represented in a usage that employs general data -
scientific laws, hypotheses, or other sorts of generalizations ~ particular data 
facts, and inference rules. Hence the similarity or analogous meaning 
between "technological diagnostics" and "explaining technological change.") 

"Explaining technological change" ~ using the phrase as a synonym for 
"technological diagnostics" - is important in analyzing especially those past 
changes which can be characterized as undesirable, as unwanted or unex
pected, as having negative impacts or making matters worse or increasing 
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risks or any other dangers however characterized. The fact that we can 
explain such changes, tracing out the sequence of processes that led to the 
particular sort of technological change (following the tree structure down the 
branches to the trunk to the roots), is especially important if we are to take 
measures to prevent, or at least reduce the probability of, such undesirable 
changes or negative impacts in similar situations in the future. For all 
practical purposes, the function of explanation in such cases is the same as 
diagnosis - and a diagnosis is useful or satisfactory if it is capable of 
initiating effective therapy (TondI, 1974). 

However, explaining technological change (in this sense) is by no means 
limited to past changes and negative impacts. It can also focus on envisaged 
changes, changes in preparatory, planning, or design stages. Since every 
technological project is the result of human technical activities - made up 
(usually) of complex, sequenced, hierarchically organized and interrelated 
sets of subactivities, especially cognitive activities but also proposals, 
evaluations, decisions, and implementing activities - a satisfactory explana
tion of any particular technological change which includes a knowledge of all 
the factors must be detailed indeed. Unlike explanations of phenomena or 
situations or occurrences that do not require, for their appearance, any human 
intervention - that is, natural relationships and causal connections in the strict 
sense - explanations of technological changes must take into account that 
they are the result of human purposes and organized human activities which 
involve a broad range of subjective phenomena. Among other things, the 
range includes expressions of needs, demands, wishes, etc. This includes, of 
course, in addition to the "value orientations" mentioned earlier, "cognitive 
orientations" as well. 

These subjective elements in the diagnostic explanation of technological 
change can, in conclusion, be summarized as follows: 

(i) Every particular case of technological change can be analyzed in terms 
of a conscious, organized, goal-directed set of activities which can be 
transformed, making better uses of materials, energy, or information (pejsa, 
1986; Tondl, 1986b). 

(ii) Every technological change is artificial ("second nature"); that is, 
represents conditions, occurrences, processes brought about by practical 
human activities (Tondl, 1987b). 

(iii) Every technological change that is a result of planning or human 
requirements and designs had to have been - before it was put into execution 
- first proposed as an "ideal model" (or an "information model") or project, 
including what was to be changed, how it was to be changed, and for what 
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purpose (Tondl and Pejsa, 1987). (This third summary item stresses the 
indispensability of a preparation stage in any planned or targeted technologi
cal project.) 

3. CHANGES IN COGNITIVE ORIENTATION IN DESIGN 

Changes in the cognitive or conceptual orientation of technological design -
mainly in the preparatory stages of research, design, and development - are 
today motivated chiefly by the need for a systems approach at every stage: 
preparation, implementation, and use. That is why technological design is 
often called "system design" today (Gasparski, 1978; Gorokhov, 1982). 

(It should be noted parenthetically that this term is not always used 
unambiguously. It can denote either the use of system principles and the 
methods of systems-engineering in technological design projects - see Tondl, 
1987a - or else the design of systems as such. Nor is there any clear dividing 
line between the two. In what follows, I will be using "system design" in the 
first sense.) 

The main modifications today in cognitive orientation for engineering 
design - modifications reinforced at every step and which must be taken into 
account in every sphere of engineering and technical activity - can be 
summarized as follows. There must be (a) provision for interdisciplinary 
cooperation and an interdisciplinary synthesis; (b) emphasis on a systems 
approach in the preparation, implementation, and utilization stages of 
technological projects; and (c) application of criteria of prognostication. 

Interdisciplinary syntheses have become fairly well established in some 
technical fields. Moreover, almost all large engineering projects - electrical 
power stations, large-scale construction for industry, etc. - must necessarily 
involve the carefully organized and controlled cooperation of a variety of 
technical disciplines: various engineering specialties, materials science, 
control-process disciplines, electronics and microelectronics, etc. And in the 
most recent past these disciplines have been complemented by information 
science and theoretical and applied cybernetics - with the latter including 
automatic processes using algorithms, scientific and other databases, and 
even some features of artificial intelligence. 

Many technological projects or solutions of technological problems today 
require that interdisciplinary syntheses include information about ergonomics 
- i.e., about human-technological interrelationships, ecological impacts, 
medical consequences, etc. Solutions of a great many technological problems 
will be less than complete or viable if they do not take into account 
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knowledge from non-technical fields, not just industrial (or human-factors) 
engineering but others as well. Some examples of interest here might include 
recent developments in linguistics, humanistic approaches to the theory of 
language, and graphic communications - with progress in these fields coming 
in close parallel with the latest programming developments using the latest 
generation of computers. 

The second requirement, emphasis on a systems approach (even, one 
might say, a "systems attitude"), is underscored by the fact that today any 
large technological project - large manufacturing systems, energy plants, 
transportation systems, planned urban developments - must be conceptual
ized as a subsystem within a larger system (technoeconomic, socioeconomic, 
etc.). This requires recognition of complex interrelationships or interactions 
among individuals in various subsystems, at different times and places; and 
these must be factored in as early as the conceptual or preparatory stage, 
before designing starts. The systems approach requires analyses of the 
dynamic behavior of subsystems, including expected or potential changes in 
the interactions among subsystems. Such analyses typically include behavior 
even in extreme situations (e.g., of conflict, situations characterized by 
increasing risk levels, etc.); and they must pay very careful attention to a 
whole broad range of anticipated or potential impacts (including the extreme 
situations just mentioned). Because of the broad range of these potential 
impacts, a systems approach must focus on ecology or the environment (see 
Boese, Gutsch et a!., 1976) - e.g., on possible changes in climate that could 
represent a risk to the living environment or biosphere. For all these reasons, 
most advanced interdisciplinary design teams today include specialists in 
environmental engineering, and an indispensable part of any large-scale 
project is models or simulations of expected or potential environmental 
impacts. 

Prognostications - and the application of prognostic criteria - are also an 
indispensable part of systems designing for large-scale technological projects. 
The idea, once common, that documentation for a project design need contain 
a model for the project only at the time it is put into service must now be 
regarded as outmoded and unsatisfactory. System designs must include 
anticipated impacts of projects, including their expected dynamics, behavior 
over time and in different locations, cycles or rhythms, whether they have 
done what they were supposed to, and so on. 

Time parameters represent a special problem and time dimensions in a 
systems analysis should not be limited to the traditional assignment of a 
series of numbers at various points in time. A systems analysis must include 
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features associated today with the concept of "temporal directions." This 
includes not only direction in the usual sense but also the rate of change in 
speed of the increasing entropy of a system. Other temporal parameters 
include length of useful life, measures of diminishing reliability, even 
predictable changes in moral climate or public attitudes. 

Since complex technological systems typically involve numerous 
subsystems, one feature of which are differentiated measures of these 
"temporal directions," different time parameters related to cycles, etc., an 
important part of system design is what I would feel obliged to call "flow 
chart coordination." This is very important in assessing the connectedness or 
relationships of a technological system to its surroundings, as well as in 
assessing the relationships of individual subsystems to the broader system of 
which the technological system being designed is to become a part. 

System design, if it includes time parameters or "temporal direction" 
measures or variables within a model of a technological project being 
planned, cannot avoid a number of problems - especially if we are talking 
about investing large sums in the project. These problems include the 
possibility of needing to build in plans for future updating or modernization 
or other future modifications once the system is working; problems of 
secondary or tertiary uses; and, last but not least, problems associated with 
phasing out or decommissioning or liquidating the project or plant at some 
time in the future. We should never become careless victims of a naive 
optimism, overconfident that future generations will take care of these 
problems - that they need not concern us at all. We know already that such 
problems exist, for instance with respect to nuclear power plants or (in a 
different way) large housing complexes made of precast concrete. 

Problems with these time dimensions cannot always be determined 
precisely or quantified exactly, using present knowledge. Technological 
forecasting nowadays must make use of methods of prognostication based on 
the views or opinions or recommendations of teams of experts, often enough 
assembled on an ad hoc basis. 

4. NEW VALUE ORIENTATIONS 

Value orientations in the preparation stages - concepts, designs, research, 
developments - of large-scale technological projects can also draw in a 
positive way upon past traditions, including methods and procedures that 
have been around a long time in technological decisionmaking. For example, 
we should not forget the methods and criteria developed for the analysis of 
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economic efficiency with respect to investment strategies, or cost-benefit 
concepts, or so-called "utility functions," multifactorial decision processes, 
etc. Beginning with the classical work of Wilfredo Pareto at the beginning of 
this century, a rather rich pool of methods has been available; furthermore, 
these methods have been effectively employed in technical and tech
noeconomic decisionmaking. 

We can conclude that these methods have lost none of their importance as 
new solutions are required for new groups of problems under the changing 
value orientations of contemporary system design. Rather, the methods have 
been expanded, generalized to a certain degree. The sphere of problems has 
expanded at least in part because of a new mode of technological thinking 
called "technology assessment" - for which activities I would prefer the 
complex phrase, "systems assessments of technological innovations requiring 
large investments of resources." For now, I would like to show, very briefly, 
how a systems assessment expands existing means or methods in the area of 
value orientation; to show, that is, the features the approach accentuates and 
the trends it promotes. 

The changes or new accents in value orientations in systems design that 
are called for can be summarized in terms of generalizing traditional concepts 
of efficiency and utility functions; synthesizing technical with non-technical 
rationales; and accentuating "controllability," "manageability," and the 
"human dimensions" of new technological developments. 

To generalize the traditional concept of efficiency requires mainly that we 
assess technological projects as pUFposively conceived subsystems of broader 
systems, emphasizing the dynamics of system behavior, as well as impacts in 
extreme situations in both temporal and spatial dimensions. Since methods 
using the concept of efficiency presuppose definite inputs and outputs for any 
given technological system, including the functions the system is capable of, 
generalizing the traditional concept of efficiency requires synthesizing 
analogous features of the broader system of which it is a part. Similarly, the 
concept of "utility functions" must extend beyond the immediate users of a 
particular system and include universal criteria for the long term. 

Synthesizing technical and non-technical rationales means principally 
expanding the sets of technoeconomic criteria used so far to include criteria 
associated with the protection and preservation of a healthy environment for 
living things; with biological, medical, psychological, and social perspec
tives; with cultural and aesthetic values; and with universal moral respon
sibilities - which includes more than responsibilities that are controllable or 
manageable. Recent technological development proves beyond a doubt that 
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such issues, for years left only to science fiction writers, are by no means 
fictional. 

5. BASES FOR DECISIONMAKING AND THE THEORETICAL SUPPORT 

FOR TECHNOLOGICAL SOLUTIONS 

The schema for explaining or diagnosing technological changes (demanded, 
planned, or designed) that I have just proposed presupposes that all tech
nological changes are based on human decisions. Such decisions always 
involve cognitive and value orientations. With respect to the role of cognitive 
and value orientations in choosing what turns out to be the ultimate tech
nological solution to a given problem, certain analogous terms used in 
determining and assessing the prerequisites of a system in terms of 
information - explanation, prediction, diagnosis, and other terms utilizing 
theoretical and factual data; i.e., databases and theoretical bases for decisions 
- can be extended to determine and assess the informational values of that 
particular solution. (I have introduced the term "conditional credibility" to 
cover the same features of the assessment of scientific projects that 
"theoretical support" covers here.) 

"The bases for decisionmaking" means that set of informational prerequi
sites necessary to solve a given problem the solving of which requires certain 
kinds of knowledge (Tondl, 1986a). In science, the decision base is a well
defined pair made up of a set of generalities - scientific laws, hypotheses, and 
empirical generalizations - coupled with a set of facts. The resultant solution 
is a derivative (in the technical sense) of the bases for the decision. In a 
design process, the bases for decisions are typically far more complex; they 
include: 

- the specific characteristics of the given problematic situation, including 
specifications of needs, requirements, demands, and objectives of the 
proposed technological solution; 

- sets of empirical data, including an adequately detailed description of the 
initial state-of-the-art, a factual description of the problematic situation, and 
the surroundings of the system, both geophysical and anthropological; 

- sets of general scientific and technical knowledge needed for any 
possible solution of the given problem; 

- the set of all the other conditions necessary for the solution of the 
problem, including not only such feasibility conditions as adequate resources 
and technical feasibility but also the standard requirements for any technical 
solution; and finally 
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- the set that characterizes the value orientation: all the values, priorities, 
and criteria needed to arrive at an optimum solution. 

The term "support" (where we should recall my analogous term, 
"conditional credibility," for scientific decisions) refers not only to how but 
also to the extent to which the resultant solution corresponds to all of its 
available informational prerequisites. For this reason, the concept of support 
has become very important in evaluating the results in all systems thinking, 
where appropriate bases, plus appropriate inferences, assure the right 
decisions - that is, in all cognitive systems, expert systems, administrative 
systems, or any other systems using features of artificial intelligence. It is 
correspondingly important to know, when assessing a design process, how 
the designer or design team made use of all the information background 
available - information falling under both the cognitive orientation and value 
orientation categories. 

To conclude, assessing the theoretical support for different alternatives for 
the solution of a particular technological problem is an important task for 
those concerned with the systems assessment of design activities in technol
ogy. It should be obvious that the interdisciplinary team needed to carry out 
this systems assessment needs to have all the information necessary to arrive 
at an optimum solution. But this is just another way of saying that both 
"cognitive orientation" and "value orientation" are necessary for any good 
solution of a technological problem. 
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PART IV 

HISTORICAL, CULTURAL, AND POLITICAL CRITIQUES 



ANDREW FEENBERG 

DEMOCRATIC SOCIALISM AND 

TECHNOLOGICAL CHANGE * 

THE CONCEPT OF SOCIALISM 

As the Communist world enters into an ever deepening crisis, socialist theory 
increasingly detaches itself from practical politics and takes refuge in 
normative considerations. l This development has the merit of clarifying the 
fundamentally democratic inspiration of socialist ideals, but it runs the 
corresponding risk of recasting these ideals in a utopian mold that invites 
dismissal on the grounds of impracticality. Contemporary arguments for 
democratic socialism are especially vulnerable to the charge that they fail to 
come to terms with the problems of technology, administration, and the 
related complex of cultural and educational issues that are ritually brought 
forward as fundamental obstacles to economic democratization. 

In this article, I propose to address these problems of technology and 
culture in terms of a very broadly reconceptualized theory of the "transition 
to socialism." My goal is to raise the problem of feasibility to the level of a 
question of principle, rather than treating it as a laundry list of familiar 
objections of detail. I believe a discussion of this kind can significantly 
advance our understanding of the normative questions as well by relating 
them to the framework of social transformations they are intended to guide. 

There is a precedent for this emphasis on the practical framework for the 
realization of socialism. Marx believed his most important discovery was the 
idea of a transition linking the capitalist present to a very different future 
through a specific dynamic of change. Instead of treating socialism as an 
"ideal," he asserted the existence of a historical "process" or "law" leading 
from capitalism to socialism.2 Today it is clear that such a "law" will apply 
only contingently to any real society, but in any case its logic can be formu
lated as a general model of the dynamics of cultural change in societies 
making the transition to socialism.3 The transition to socialism might then be 
reconceptualized non-deterministically as a civilizational project rather than 
as the result of what Marx once called a social "process of natural history.,,4 

101 

Paul T. Durbin (ed.), Broad and Narrow Interpretations of Philosophy of Technology, 101-123. 
© 1990 Kluwer Academic Publishers. 



102 ANDREW FEENBERG 

Civilizational projects are realized through possible trajectories of 
development that impose a global pattern of culture based on new values that 
eventually define an entire epoch of human history. Capitalism supports just 
such a civilizational project, underlying the differences between national 
regimes. The Marxian model of socialist transition can be employed to define 
a socialist civilizational project, fundamentally different from that of 
captalism. Unlike an idealized socialist utopia, which necessarily plays the 
role of unattainable "ideal" in opposition to the sorry state of social "reality," 
a dynamic transitional model of the sort proposed here can be used to develop 
concrete proposals for change. 

If socialism is a civilizational change, that would explain why Marx did 
not treat individual components or aspects of the future society he anticipated 
as so many policies that need only be implemented by a sufficiently deter
mined government. Instead, he imagined a coherent transformation in the 
very foundativns of the existing social world leading to the creation of a new 
type of industrial society. The centerpiece of this new society was to be a 
radical advance in the cultural level of the labor force. It is not easy to 
reconstruct Marx's view of this transfOImation, but I will argue that he 
regarded socialization, democratizaton, and innovation as intrinsically 
connected dimensions of it.5 Here is a brief sketch of these three dimensions: 

1. the socialization of the means of production, accompanied by the early 
substitution of planning for markets in the allocation of capital and other 
productive forces, and eventually, at a later stage, the general replacement of 
the market; 

2. the radical democratization of society through an end to the vast 
economic, social, and political inequalities characteristic of class societies; 

3. the innovation of a new pattern of technological progress leading to an 
end to the sharp division of mental and manual labor characteristic of 
capitalism and a requalification of the labor force. 

Any concept of socialism based on these premises can legitimately be 
called "Marxian" in inspiration. By the same token, the reconceptualization 
of socialism on the basis of the first or second component alone leads to a 
variety of non-Marxian socialism. The existing Communist societies would 
have to be counted among these latter given their narrow overemphasis on 
planning at the expense of democracy and technological change. Elite control 
of industry, such as Stalinism presupposes, requires precisely the division of 
mental and manual labor and the corresponding technological forms the 
Marxian transition to socialism is supposed to overcome. Similarly, a 
socialist position such as that of Jiirgen Habermas, which reduces socializa-
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tion to democratization while conceding the neutrality of technology, falls 
outside the Marxian framework.6 

This unified conception of socialism has by now been split into its 
component parts by history and analysis. Popular movements for democracy 
in socialist countries, like environmental and labor movements for technologi
cal change in the West, testify to the breakdown of the original Marxian 
synthesis, and the need to articulate relatively independent struggles in every 
sphere. Contemporary social theories which, starting out from Marxist 
premises, move toward recognition of this fragmentation of socialism are 
sometimes called "post-Marxist." Such theories attempt to recover the 
democratic or technological dimensions of socialism against the exclusively 
economistic Soviet model. 7 

This article presupposes many of the results of this general critique, and 
applies them in the technological domain. The argument hinges on the 
conditions for the requalification of the labor force through technological 
change. It is here that the Marxian conception of socialism becomes more 
than a socio-political alternative and points toward fundamental civilizational 
change. But, where traditional Marxism assumed that workers would be 
guided by inherent and unambiguous interests in transforming technology, I 
will argue a contrary position, that the institution of democratic control of 
industry is a condition for generating an interest in a new direction of 
technological progress. In other words, democracy itself is a "productive 
force" of a new type, shaping the form of innovation in a future socialist 
society.8 I would like to turn now to that argument. 

A NON-DETERMINISTIC APPROACH 

Marx's various scattered comments on the idea of socialism can be unified 
around two assumptions he routinely made, first that in industrial societies 
power depends on control of technology, and second, that the working class 
possesses an overriding class interest in the abolition of the division of 
mental and manual labor and the system of wage labor it implies. With these 
premises in mind, Marx argued that workers can rule industrial societies 
through the socialization of industry, a form of ownership in which the public 
character of modern forces of production is recognized through some sort of 
democratic control. The technological consequences of this arrangement 
follow from the imposition of new criteria of innovation responsive to the 
interests of the working class rather than to those of the capitalist class. 
Control of industry is thus more than control of society; it is also control of 
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history. The class that decides on the course of industrial progress governs 
the future out of the present. 

This brief sketch of Marx's views shows that he relies on the concept of 
interest to secure the connection between the democratic forms and the 
substantive technological content of his conception of socialism. The 
reference to interests gives an objective, imperative form to the process of the 
transition to socialism and suggests that, just as the interests of capitalists 
govern the cultural and technological development of capitalism, so the 
interests of workers would shape a new socialist civilization. 

Since interests grow out of the relation of classes to the means of produc
tion, they can be objectively ascertained, independent of temporary ideologi
cal variations. On these terms, the chief interest of the capitalist class is the 
maintenance of the precondition for its existence as a class, namely, what I 
will call the operational autonomy required by its alienated administration of 
society's productive resources. This interest is secured in the system of 
property, which offers capitalists a great deal more freedom of action than 
had the leaders of work groups in earlier societies, freedom that can be used 
to increase their power and wealth. In particular, capitalists introduce 
technological innovations independently of the opinions and needs of 
workers and in function of the goal of maximizing control of the production 
process through technological design.9 

The capitalist division of labor that results from this innovation process 
has a social impact through its cogniti ve effects on the working population. I 
will call these effects the knowledge deficit, defined with respect to the 
cultural level required for self-rule. The acquisition of knowledge generally 
follows the patterns established by the specialized breakdown of tasks that 
insures capitalist control of the labor process. Disqualification and increas
ingly narrow technical specialization confine workers to a dependent position 
in society, while casting capitalists and their managerial representatives in the 
leading role. The result is an enlarging gap between the level and type of 
culture required by most positions in the division of labor, and that required 
to make significant social decisions. Technological advancement in this 
system thus not only subordinates workers to capital, but disenfranchises 
them at the most fundamental level by removing all incentives for society to 
teach and for workers to learn enough knowledge about the social world to 
understand and participate in making the important social decisions that 
concern them. 10 

Capitalist technology has evolved under a system of class rule and 
therefore reflects the requirements of control from above. It is these require-
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ments which generate a division of labor and a conception of technical 
progress incompatible with the full and democratic development of the 
individuality of the workers. A democratic power would have different 
requirements, tied to the civilizational project of creating an industrial society 
favorable to individual development. I I It is important to note that Marx does 
not regard any of these points as politically contingent. When it comes to 
matters of control, it is not a question of what this or that individual or group 
prefers; essential determinants of class identity are involved. Capitalists must 
impose a division of labor which only workers can overcome. It is characteris
tic of Marxism to so condense a democratic process and a substantive goal 
through the identification of social essences. 

The third dimension of Marxian socialism can now be reformulated more 
precisely in the following propositions, which express the interconnection 
between its political and technological aspects: 

3.1. A socialist system would require the development of a qualitatively 
different division of labor compatible with the employment of highly 
educated and socially responsible workers. 

3.2. Such a system would be oriented toward long-range patterns of 
technological development that would further the actualization of human 
potentialities at work. 
The whole theory can now be summarized in what might be called Marx's 
maximum thesis on the transition, according to which: 

Workers' control of industrial society inevitably leads to the socialist transformation 
of the division of labor and technology. 

This original Marxian position is subject to two very different kinds of attack 
today. First, it is claimed that the desirable social transformations Marx 
expected from socialism are in fact being made under capitalism in response 
to technological advance. Second, the deterministic reliance on class interest 
is rejected on the grounds that the self-understanding of social groups cannot 
be deduced from their place in the social structure but depends on a wide 
variety of factors. Let us examine these objections in turn. 

1. Is the Marxian theory of capitalism refuted by the emergence of an 
"information" or "post-industrial" society, based on a radically new type of 
computer technology that privileges skills, in contrast with the deskilling 
associated with traditional mechanization? The initial determinist assess
ments of post-industrial society argued that computerization would raise the 
general skill level of the workforce, automate production and enlarge the 
range and power of human communication and collaboration at work, making 
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possible the general democratization of society.I2 But nearly a generation of 
experience with automation and computerization has changed the tone of 
social commentary.13 An emerging consensus argues that automation is 
suspended politically between very different alternatives and nothing about 
computer technology per se can decide the issue. A brief glance at two recent 
studies of automation illustrates this point. 

In her book In the Age of the Smart Machine, Shoshanna Zuboff argues 
that computers make possible two complementary transformations of the 
workplace. I4 On the one hand, they can be used to automate production, 
relieving human beings of physical effort. On the other hand, they can be 
used to "informate," a term Zuboff introduces to refer to the integration of 
workers and machines at a higher level of intellectual involvement, participa
tion in decision-making and productivity. Informating is not an alternative to 
automation, but consists in further potentialities of computer technology 
management mayor may not choose to realize in the course of automating. 
Zuboff offers persuasive evidence for the social ambiguities, or ambivalence, 
of computer technology. 

Harley Shaiken concludes his book, Work Transformed, with similar 
reflections: 

It is ironic that computers and microelectronics should be used to create a more 
authoritarian workplace. They could just as easily be deployed to make jobs more 
creative and increase shop floor decision-making. Rather than pace workers, systems 
could be designed to provide them with more information about the production 
operation in general and their own jobs in particular. The technology could be used to 
bring the work under the more complete control of the people who do it rather than 
the other way around. I5 

Shaiken would seem to agree with Zuboff that, "Technological design 
embodies assumptions that can either invite or extinguish a human contribu
tion."16 And Zuboff offers numerous examples of the suppression of the 
democratic potential of informating technology by uncomprehending or 
frightened managers, confirming Shaiken's argument that automation has 
failed socially because of "the use of technology to extend managerial 
power."17 Thus the issue for both Zuboff and Shaiken is less the impact of 
technical progress on the democratization of society than the reverse: the 
capacity of democratization to release suppressed potentialities of technical 
progress. But this was precisely the point Marx was getting at a century ago. 

2. I would like to turn now to the far more damaging objection to Marx's 
deterministic conception of class interests. How strong, really, is the connec
tion between working class power and the socialist society Marx expects 
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workers to create? Marx's original theory of working class interests assumed 
that capitalism could only satisfy workers' needs contingently, inadequately, 
and episodically. This biological basis for opposition to capitalism was linked 
to a sociological theory of alienation according to which the structural 
obstacles to self-actualization through work could only be overcome in a 
socialist society. Thus in this early formulation, workers' vital needs for food 
and shelter would be satisfied only where their human need for fulfilling 
work was also satisfied. 

The later theory of "relative immiseration" recognized the possibility of a 
rising income floor without clearly explaining the impact of this reformula
tion on the motives and aims of socialist revolution. Once the impoverish
ment of the working class is defined as relative, socialism can no longer 
pretend to be the only adequate representation of workers' rational self
interest. A more sophisticated formulation is required which distinguishes 
between the wide range of interests that can be reasonably imputed to 
workers, many of which are as well satisfied under capitalism as under 
socialism, and the narrower subset of that range which is systematically 
obstructed by the existing technology and division of labor and which can 
therefore best be achieved through socialist transformation of the technologi
cal base. 

Once this concession is made, the deterministic framework collapses. It 
can now be asked what would necessarily orient workers toward the new 
concepts of labor and welfare that Marx identifies with socialism. The 
interests of workers under socialism are ambiguous and may not guarantee an 
evolution toward a truly different form of civilization. The idea that there is a 
necessary connection between working class interests, the quality of work, 
and the direction of development of industrial society is not persuasive in its 
original deterministic formulation, but it can be reconceptualized more 
modestly as a theory about the ambivalence of the economic culture of 
capitalism. 

The facticity of the worker under capitalism, as object of capitalist control, 
involves discontent over the nature of work. 18 This cultural structure can, but 
need not, inspire workers to make the sort of demands that would lead to a 
socialist transformation of the production system. In fact, there is a good deal 
of evidence from the existing Communist societies that controversial trade
offs are involved in the choice between working conditions and consumer 
goods. But no group other than workers can consistently support an end to 
the conditions of control from above, since such changes are subversive of 
every way of organizing the economy from outside the labor process itself. 19 

This minimum thesis might be formulated to say that: 
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Workers' control is uniquely compatible with changes in technology and the division 
of labor in the interests of the systematic enhancement of human capacities. 

This fonnulation of the idea of socialism requires the translation of Marx's 
theory of the transition out of the objectivistic language of "interest" into the 
more empirical language of culture. The concept of the economic code, 
referring to empirically identifiable cultural differences in economic values, 
can serve for this purpose. By the economic code, I mean the way in which 
individuals customarily perceive their own welfare, what they regard as 
economic goals, and what they consider to be legitimate or desirable 
economic means. The economic code governs the goods individuals seek to 
obtain as economic rewards, whether they expect these goods to be delivered 
publicly or as privately consumable commodities, which goods are signified 
as utilitarian, and which possess aesthetic, prestige, or other types of values, 
and so on. Every society also has characteristic economic codes concerning 
such things as workmanship, authority relations on the job, savings and 
leisure, the occupational expectations associated with various jobs, with sex 
and age, and so on.20 

These cultural differences have major implications for the process of 
technological development. In any society, it is through encoded perceptions 
of the economy that the so-called economic "realities" take on their specific 
significance. In particular, culturally relative conceptions of means and ends 
and divergent interpretations of welfare govern innovation and the reception 
and adaptation of imported technology.21 Technological futures are thus 
detennined not only by technical factors but by economic culture as well. 

With tHese considerations in mind, we can ignore Marx's maximum thesis 
and refonnulate his theory of the transition in ideal-typical tenns. For our 
purposes, it is unnecessary to prove that working class rule guarantees a 
socialist evolution of society. The interesting point is the possibility that 
workers in some socialist society might choose an original technological 
future corresponding in its main outlines with Marx's concept of the transi
tion. The actual economic code governing workers' economic perceptions 
may become the basis for the adaptation of technology to socialist purposes 
where it approximates to the hypothetical "interests" Marx imputes to them. 
This contingent relationship between workers' economic culture and the 
preconditions for the transition to socialism renders the socialist future itself 
contingent, since under the assumptions of the minimum thesis socialism can 
only be created by workers' control and not, for example, by a suitably 
enlightened political dictatorship. 
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TECHNOLOGY AND THE DISTRIBUTION OF CULTURE 

Marx's hypothetical construction of the interests of workers and his predic
tions about the future have been criticized and defended ad nauseam. Rather 
than continuing that rather fruitless debate, I intend to pursue the 
"minimalist" strategy outlined above by reformulating the concept of 
proletarian interests as the ideal type of a socialist economic code. This 
approach reveals the underlying economic logic of a new form of civilization 
that would not merely add a few desiderata to the current repertoire of 
"values," but which would have a truly different structure. On this basis, it 
will be possible to anticipate changes as fundamental as those which gave 
rise to citizenship through the abolition of estates, or the invention of 
childhood through a series of social changes culminating in the limitation of 
the labor market in the late nineteenth century. Marx's Grundrisse provides a 
basis for this approach which, with a certain amount of imaginative interpreta
tion, can be substituted for the usual deterministic account. 

In this text, the dynamic of technological change under socialism is guided 
by workers' "interest" in humane work settings, an interest which must be 
imposed on the inherited technological base through rationalization and 
innovation in the course of the transition. Marx believed that eventually 
workers would produce a whole new technology in which work would be 
"life's prime want" and not a burdensome obligation.22 This goal would be 
achieved when labor 

is of a scientific and at the same time general character, not merely human exertion as 
a specifically harnessed natural force, but exertion as subject, which appears in the 
production process not in a merely natural, spontaneous form, but as an activity 
regulating all the forces of nature.23 

The transition to this higher type of industrial society would involve a deep 
change in economic culture. Capitalist society, Marx argues, distributes 
wealth in the form of ever more varied commodities, but this commodity 
form is only a limited reflection of the actual enrichment of the human 
species represented by the growth of the needs and faculties of the con
sumers. It is this latter that is "real" wealth, the development of human 
attributes and capacities as dimensions of individual self-actualization, 
mediated by material goods to be sure, but not identical with them. Marx 
writes, 

In fact, however, when the limited bourgeois form is stripped away, what is wealth 
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other than the universality of individual needs, capacities, pleasures, productive 
forces, etc., created through universal exchange? The full development of human 
mastery over the forces of nature, those of so-called nature as well as of humanity's 
own nature? The absolute working-out of his creative potentialities, with no presup
position other than the previous historic development, which makes this totality of 
development, i.e., the development of all human powers as such the end in itself, not 
as measured on a predetermined yardstick? Where he does not reproduce himself in 
one specificity, but produces his totality? Strives not to remain something he has 
become, but is in the absolute movement of becoming?24 

The extension of transport and communications is a clear example of Marx's 
new standard of wealth. Peasants confined mentally and physically to the 
small villages of their ancestors are "poor" by this standard, compared with 
modem individuals situated at the nexus of cosmopolitan interactions. 
Whether or not we share Marx's disdain for the countryside, the economic 
implications of his argument are clear. Instead of appearing in the form of 
goods extem~l to the individual, wealth now appears as the developed powers 
of that individual. There is a sense then in which training and education, 
variety of experience and occupation become a higher type of consumer 
good. A socialist society values such an enlargement of human experience 
and individuality as an end in itself, without subordinating these forms of 
wealth to the pursuit of a profit on the sale of the material goods associated 
with their acquisition. 

Why would this change in the social definition of wealth occur under 
socialism? Marx argues that the industrial economy not only produces a huge 
variety of commodities, but it also creates unique opportunities to apply the 
expanded powers of the individual productively. 25 These opportunities would 
be seized under socialism as economic motivations for the enlargement of 
human capacities. Once a society has been gripped by this dynamic relation 
of consumption to production - the pursuit of "real" wealth contributing to its 
production - radical changes in the economy will occur. Every activity that 
increases the skill and intelligence of the worker increases the value of labor 
power. Meanwhile, work itself becomes one important arena in which to 
develop the powers of the individuals. 

But work remains work, however fulfilling. Thus even under socialism 
workers will strive to reduce the time spent working while simultaneously 
increasing their leisure, much of which would be used for learning. But the 
more workers employ their leisure to learn, the more productive their labor 
and consequently the shorter the workday. "The saving of labour time [is] 
equal to an increase of free time, i.e., time for the full development of the 
individual, which in tum reacts back upon the productive power of labour as 
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itself the greatest productive power.,,26 Socialist "interests" and the cor
responding patterns of consumption develop the "wealth" of the individual 
personality and the productivity of labor in a self-reinforcing cycle. 

This is truly a utopian conception, but one that is considerably more 
interesting than the utopias usually attributed to Marx. Here the economic 
circle is squared by the creation of an economic perpetuum mobile that feeds 
off the very resources it consumes. If in fact a primary leisure activity, 
pursued voluntarily and for its own sake, increased the value of labor, then it 
could be freely converted into an economic input. Consumption and invest
ment would approach identity in the domain of human resources and one of 
the chief costs of the economy, education and training, would also be a 
benefit.27 

At the civilizational level, the key difference between all present day 
industrial societies, including Communist ones, and the socialist model 
outlined above is the role of knowledge and skill in the economy. Under 
socialism the "subjective" forces of production - human skill and intelligence 
- formerly wasted by industrial societies, could be applied to increasing 
productivity according to the dynamic of requalification projected in the 
Grundrisse. The socialist labor process emerges as a synergism of the 
demand for skilled labor and the growth of human powers through work. The 
higher level of knowledge and skill characterizing this labor process would 
make new efficiencies possible, motivate the transformation of technology, 
and reconcile broader participation with the technical requirements of an 
industrial society. 

So formulated, the theory of the transition to socialism is an attempt to 
show the possibility of an alternative type of industrial society, one based on 
a much fuller development of individual capacities than in capitalism. By 
"possibility" in the sense of the term used here, is meant not merely technical 
feasibility, but the integration of technical and economic codes in a configura
tion corresponding to a new type of civilization in which the very pursuit of 
economic efficiency would raise the cultural capacities of individuals to the 
level of the social responsibilities they would have to fulfill, in which there 
would be no necessary trade-off between the pursuit of economic well-being 
and democratic participation. 

THE mANSITION TO SOCIALISM 

Can we bring this utopian conception down to earth to inform our specula
tions about the future? I will argue that the effective initiation of a transition 
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to socialism has three specific institutional correlates in the economic 
domain, corresponding to the three dimensions of socialism discussed at the 
beginning of this article. While these are not sufficient conditions for 
achieving a socialist reorganization of society, they do appear to be necessary 
conditions; and the discussion of them offers a useful way of concretizing the 
model of democratic socialism proposed here. 

First, under the assumptions introduced above, social ownership must 
extend not just to machines, buildings, and land, but also to the monopolized 
cultural capital required for the management of industry. But the socialization 
of cultural capital cannot be accomplished at the stroke of a pen; it takes a 
long term educational effort on an unprecedented scale.28 

Furthermore, if workers are to assume greater responsibility for their 
enterprises, the systematic redistribution of cultural capital must begin in the 
very earliest stages of the transition to socialism and must aim at raising the 
general cultural qualifications of the population. Thus it is not enough that the 
society favor study; narrow, merely technical training for existing positions in 
the division of labor must be replaced by much broader and continuing 
preparation for social participation. Workers must be in a position to enlarge 
their access to the kinds of knowledge required to perpetuate and increase 
their power in society. 

The democratic distribution of culture would accomplish two fundamental 
objectives: 

1. to supply the volume of intellectual resources required to take ad
vantage of technological options that rely more heavily than does capitalist 
technology on inputs of skill and intelligence; 

2. to qualify the entire labor force, and not just a small elite, to participate 
effectively in management and politics. 

This strategy would seem to involve wasteful investments in human 
resources. But this objection is rooted in the culturally relative distinction 
between investment and welfare in the capitalist economic code. We tend 
ethnocentrically to consider these as unambiguous categories because for us 
the goals of production are signified in terms of capitalist concepts of wealth, 
that is to say, primarily in the form of material goods available for private 
consumption. By contrast, education is an investment rather than a major 
positive component of personal welfare. The scarcity of knowledge and skill 
is a direct result of this code, which regulates supply by market demand and 
which rewards deskilling with a share of the savings realized by the replace
ment of skilled with unskilled labor. 

Following Marx's argument in the Grundrisse, we could construct an ideal 
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type of a socialist economic code in which, on the contrary, educational 
activities that capitalist society places within the category of investment and 
evaluates in terms of efficiency in the production of material goods would be 
placed in the category of consumption and evaluated as contributions to 
individual welfare. While this is a promising beginning for a theory of 
socialist economic culture, Marx's account of how such a culture would 
come to prevail over the capitalist one is unacceptable. 

The shift would occur, according to the Grundrisse, because technological 
progress would render the capitalist method of distributing culture obsolete 
and would usher in a new age in which the acquisition of knowledge and skill 
becomes an end, an activity in which workers will voluntarily engage 
independent of personal economic return. Industrial advance, beyond a 
certain point, would yield a new social definition of welfare as self-actualiza
tion. This argument is a clear instance of Marx's tendency toward technologi
cal determinism, and as such unpersuasive. 

The collapse of the deterministic position forces us to answer a type of 
objection Marx never had to face. Socialist educational strategy sounds 
remarkably idealistic in the bad sense of the term. Indeed, today education is 
usually treated as a moral value where it is not merely an economic invest
ment, suggesting that democratic socialism would be committed to the 
voluntaristic imposition of educational goals. On these terms, the socialist 
hypothesis that education would be pursued for its own sake is not much 
more plausible than the hope in a general commitment to moral self-improve
ment. Is there a way to retrieve Marx's notion of educational consumption 
from these consequences of the breakdown of his determinism? 

If the pursuit of education is to be a consumer good under socialism, it 
must serve importantly in a practical context of daily life. Educational 
consumption must have some purpose more compelling than the sheer 
enjoyment of learning.29 The elements of a solution are present in the 
democratic dimension of socialism, but have never been applied to the 
problem before. The local politics of participatory self-management in 
workplaces and in communites would offer a far more effective scene for the 
application of broadened cultural capacities than the inherited labor process. 
Thus, to a considerable extent, the consumer value of education would be 
realized at first in relation to public functions such as management and 
community affairs. There educational acquisitions would "payoff' for the 
individuals, if not economically, at least in terms of increased respect and 
influence and overall outcomes more in conformity with their needs and 
interests. 
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The scope of education would broaden accordingly, and in this the 
acquisition of knowledge and skill would no longer appear as subtractions 
from individual welfare but as components of it. The educational activities of 
the population would be uncoupled from the immediate economic needs of 
the society and from the investment strategies of individuals; education 
would become the driving force in social and technological change. Industrial 
society would bootstrap from a condition characterized by the knowledge 
deficit to one in which individuals would generally possess the cultural 
qualifications corresponding to their social responsibilities. 

With the growing success of the transition, the initial "overinvestment" in 
education would make possible a leap to a higher level of productivity, based 
on new technologies adapted to operation by a highly educated workforce. 
Not technology but politics must lead the process of change, with technologi
cal progress an outcome rather than a cause of the establishment of new 
socialist social relations. Thus once Marxist determinism is abandoned, 
democracy becomes an economic and technological requirement of the 
transition to socialism. 

Although such an educational dynamic contrasts sharply with our 
expectations in the advanced capitalist world today, it has partial precedents 
in the modernization of Japan and the Soviet Union.30 To dismiss it as 
unlikely in any particular contemporary context misses the point that it 
defines a possible trajectory of development toward a new form of industrial 
civilization in which social responsibility is much more widely distributed 
than in today's world. Those who would seek an easier path to such an 
outcome must explain how it will be possible to achieve radical democratiza
tion in a technological society on the basis of the low levels of culture and 
intellectual qualification determined by the existing division of labor. 

The emphasis on education is thus in harmony with a second requirement 
of the transition, the democratization of society through the establishment of 
formal institutions workers can use to intervene in the activities of those who 
exercise power and authority in their name. This question is inseparable from 
the problem of expertise because, as I have argued above, the subordination 
of workers is not merely a political matter but is rooted in the division of 
labor introduced by capitalism. The transition aims to create a new state of 
affairs in which the recomposition of formerly divided mental and manual 
labor reduces the operational autonomy of leadership and reincorporates the 
alienated functions of management back into the collective laborer. 

This approach, which Marx and Engels never adequately theorized, might 
be explained by borrowing Habermas's distinction between forms of 
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rationality. Under capitalism communicative and technical rationality become 
competing bases of social power, their opposition growing out of a social 
structure which allocates power to those performing a special technical 
function, the leadership of the collective laborer. But these two forms of 
rationality are not essentially in conflict. It is only in the peculiar framework 
of modem capitalism (and its Communist imitators) that the technical sphere 
offers a basis for advancing claims to power in competition with claims made 
on the basis of the communicatively rational appeal to common standards and 
interests. A socialist society would therefore attempt to modify that 
framework in order to reduce the relative weight of technically based claims 
to power in favor of communicatively based claims. 

Just how far can these technically based claims be rejected in the early 
phases of the transition without disrupting production? This is a critical 
question, but Marx never addressed it, no doubt because he could not respond 
a priori. But unfortunately those in a position to offer a response at a later 
stage did not even know how to pose the question, much less answer it. Thus 
the lack of an early industrial movement for workers' control on the basis of 
which Marx might have projected the first stages of economic democratiza
tion under socialism turns out to be an historical accident heavy with 
consequences. 

With no guidance on the question of workers' control from Marx, later 
Marxists treated capitalism exclusively as a form of ownership, and its 
management system was identified with the general technical requirements of 
industrial production. In this context, the Russian and European council 
movements of 1905 and 1917-1919 looked like just another form of political 
mobilization and were praised or condemned as such without any apprecia
tion for their profound social significance. Even democratic socialists 
believed for the most part that authoritarian control from above was an 
economic necessity. But such control could only be reestablished by once 
again" disenfranchising workers in the workplace, in effect ending the 
revolution. Workers thereby lost any chance of initiating a real transition to 
socialism. 

These are very much live issues today, as the Soviet Union, Poland, and 
Hungary struggle to reconstruct their Communist systems in a more 
democratic and economically efficient form. The dismantling of bureaucratic 
dictatorship and its clumsy planning machinery requires decentralization and 
greater reliance on markets, either through a capitalist option such as 
denationalization of government owned enterprises, or a democratic socialist 
option such as their autonomization under the control of managements 
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chosen by the workers. There is a considerable literature on the socialist 
solution, derived for the most part from the Yugoslavian experience with 
self-management. 31 

Self-management is not, however, without its problems, many of them 
evident in the Yugoslavian case. One school of thought argues that for self
management to succeed, formal democratization of the selection of managers 
is a necessary but not a sufficient condition. What might be called deep 
democratization of technically based power structures is required as well. 
This second requirement results from the fact that the socialist workforce 
must continue to rely on the authority of highly trained professional and 
managerial personnel for a prolonged period, no doubt measured in genera
tions rather than years or decades as some have hoped. Their authority must 
be made to contribute to the transitional process through the way in which it 
is accommodated to the gradual enlargement of workers' initiative and 
control. The real problem of democratization lies here. 32 

Deep democratization implies significant changes in the structure and 
knowledge base of the various technical specializations underlying technical 
and administrative work to the extent that these serve as bases for advancing 
unwarranted claims to power. The rules and roles governing the exercise of 
authority must be altered to promote greater autonomy on the part of the 
"client" subject to the authority. These rules and roles concern such things as 
the method of training and selection of managers, the social context of 
management, and the procedures and criteria of innovation. 

Other agent-client relations outside the domain of business are modeled on 
the capitalist project of maximizing control from above. Thus to the extent 
that socialism prevails in industry, changes can be anticipated throughout 
society, in government administration, the position of science and science 
based technical systems in society, the organization of medical practice and 
the "sick role," the craft rules governing mass media production, teaching, 
and so on. 

How realistic is this strategy for recomposing the unity of the collective 
laborer? The chief obstacle would appear to be the opposition of technically 
qualified personnel to such a shift in allegiances and work conditions. But 
historical experience is not unambiguous and suggests a possible trajectory of 
change. Although it is not a fact given sufficient weight and notice, modem 
revolutions are characterized by sporadic "fraternization" between workers 
and sympathetic members of the bureaucracies and corporate administrations. 
Often in the enthusiasm of the moment quite elaborate plans for reform of 
management and government agencies are proposed, as was actually the case 
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in the French May Events of 1968.33 These experiences indicate that the idea 
of reorganizing the collective laborer in new ways is not merely idle specula
tion but resonates with historical experience. 

To go beyond such anecdotal evidence, a theory of the middle strata is 
required.34 But such theories generally founder on the attempt to explain their 
object in terms of conventional concepts of class struggle and alliance, which 
generally presuppose that the classes have clearly defined interests independ
ent of the political relations established in the alliance. But it is precisely the 
breakdown of such prior definition which seems to characterize the behavior 
of the middle strata in a crisis. The position of these groups is better under
stood by abandoning traditional class theory and returning to simpler, more 
empirical concepts. Then it is evident that neither the capitalist nor Com
munist middle strata can be satisfactorily conceived as a class because they 
owe their existence to their place in organization rather than to an economic 
function or role. 

These groups are composed of individuals who have been hired, after 
meeting requirements such as educational credentials, to carry out an action 
based on specific technical codes. These codes embody basic social and 
technical assumptions about how to design and operate technical systems. 
Thus unlike the other classes of modern society, which arise from an 
"organic" economic process, the members of the bureaucracies acquire their 
class identity through a process of selection, rooted in a relationship to 
technology which qualifies them to represent others. This is the origin of the 
ideology of service ,:\,hich we associate with "professionalism" in the West. 
In professionalist ideology the middle strata are the "agents" of "client" 
individuals and groups in whose interests they act, and for whom they 
perform services these latter cannot perform for themselves. 

This explains why, when the "clients" rise in struggle, the legitimacy of 
the bureaucracy's selection and conception of service is questioned on a 
global scale. Its claim to represent the public interest is visibly shaken and its 
technocratic self-image enters into crisis. The people can then appear "in 
person" as the source of a legitimacy granted hitherto by capitalist or 
Communist elites in their name. The people are a recourse and an ally 
through which the middle strata can be reconstituted and their "selection" 
reconfirmed under a different hegemony for different social purposes. The 
culmination of such a reconstitution of the bureaucracies would be the 
elaboration of new practices and technical codes for each field of work aimed 
at reducing the alienation (in system terms, the "operational autonomy") of 
professional leadership. 35 
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In sum, where popular initiatives provoke splits in the ranks of the 
bureaucracy, its crisis can be understood as an attempt to reconstitute the 
unity of the collective laborer through the innovation of new practices and 
codes. The bureaucracy is no longer an interest in its own right engaged in 
maximizing its operational autonomy at the expense of workers, but becomes 
instead a scene of struggle in which popular interests are actively represented. 
These interests may inspire a fundamental restructuring of technology and 
society, initiating a process of civilizational change. 

A third requirement of the transition concerns the direction and organiza
tion of innovation under socialism. During the transition, economic and 
technological development would proceed in a very different environment 
from Western capitalism. Skilled labor would be far more abundant than it 
has been at corresponding stages in the Western process of modernization, 
limited primarily by its social cost once private costs had been reduced or 
disappeared in the accumulation of educational resources. Under these 
conditions, highly qualified human resources would not be in short supply 
but would be widely available as a nearly "free" good on which the economy 
could draw at will. 

In addition, the democratization of management would have profound 
effects on patterns of innovation, altering the technical code in terms of 
which progress is defined. The capitalist code, adjusted to the need to 
maximize profit and control the work force, would be replaced by a different 
code, still concerned with efficiency but taking into account a wider range of 
variables. As Carol Gould writes, in comparison with capitalist managers, 

members of a worker self-managed firm would be prone to be more sensitive to the 
impact that the use of given technologies would have on their conditions of work and 
the quality of work life. They might well also be responsive to issues of consumer 
need and environmental effect, since they are themselves also consumers and 
residents of the local area.36 

An economy developing under these conditions might reach efficient 
solutions to technical problems in new ways, moving generally toward an 
alternative type of industrialization. In some cases skills might be applied in 
relation to technologies that it would be economically irrational to employ in 
a capitalist society because of the very different organization of human 
resources under capitalism. In other cases, a different approach to work 
conditions and the environment might result in innovations that would not 
have occurred or succeeded under capitalism. Different patterns of consump
tion and different leisure pursuits would occupy the labor force of such a 
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society, and in it the political process might take on a qualitatively different 
character. This would be, in short, a socialist system of production, one in 
which technological change would be govemed by new principles. 

There are two commonplace objections to this view which need to be 
addressed briefly here, although they are really the subject of a historically 
and sociologically concrete discussion of innovation. The first of these 
objections is the familiar argument that planning necessarily suppresses the 
individual freedom and initiative required for innovation. Indeed the standard 
image of the innovator in capitalist society confonns to the romantic myth of 
individual genius, not uncommonly at odds with ignorant bureaucrats.37 

Interestingly, innovation continues to occur in certain large capitalist 
corporations which have directly confronted the problem of stifled creativity 
by opening spaces for innovation within their boundaries through radical 
departures from classical organizational models. Small teams are allowed to 
work in an almost parasitic relation to the corporation, drawing on its 
resources for an unusually autonomous activity of research and develop
ment. 38 Much can be learned from such examples. The transition to socialism 
requires the working out of comparable organizational innovations as the 
basis for the technological changes it must make in the creation of a new type 
of industrial civilization. 

The second objection argues that technological development is essentially 
detennined by technical considerations, largely independently of the social 
environment in which it occurs. Socialism, if it is possible at all, would 
therefore have to prove itself compatible with technology rather than the 
reverse. Usually th'is argument culminates in the demonstration that all 
technological societies must come to tenns with the "imperative" requirement 
of authoritarian management. This is technological detenninism, a view 
which has always been more popular in development theory than among 
historians of technology. I address this problem at length in my forthcoming 
book, The Critical Theory of Technology, but can do little more here than 
note the existence of an important literature in support of the view that 
technological development is a dependent variable in the social system. 39 

This view suggests the possibility of anticipating the broad social deter
minants of technological progress in a socialist society as I have attempted 
here. 

This article began by suggesting that democratic socialism involves a 
process of civilizational change more complex than anything we would 
nonnally consider under the heading of politics. These concluding reflections 
attempt to identify possible starting points for such a process. The result is 
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not a utopian description of a perfect society, but rather a hypothetical 
direction of social development which would lead to a new form of civiliza
tion through democratic changes at many levels: political, economic, cultural, 
and ultimately technological. 

San Diego State University 
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STEVEN L. GOLDMAN 

PHILOSOPHY, ENGINEERING, AND WESTERN CULTURE 

Engineering has long been treated with condescension in Western culture and 
this continues today even among those intellectuals who have discovered the 
cultural significance of science and, very recently, of technology. In a 
complementary essay to this one, I describe technology as a social process to 
which engineering contributes, but which is driven by institution-specific 
executive decisions that apply technical knowledge selectively to the 
accomplishment of managerial agendas. 1 The practice of engineering, I argue 
there, is captive to social determinants of this process such that the defmition 
of engineering problems, the determination of the means to be used in solving 
them, and the identification of what will count as solutions, all derive from 
the institutional context of engineering's practice, not from the knowledge 
engineers possess, and certainly not from Nature. 

In this essay, I wish to explore engineering's theoria, that is, its characteris
tic world-view and rationality. Both of these are quite different from the 
world-view and the rationality of the physical sciences, whether traditionally 
conceived as bodies of objective knowledge or, on the so-called post
positivist view, as bodies of socially-constructed knowledge. In order to 
discuss engineering's theoria, however, it is first necessary to confront two 
obstacles to achieving an understanding of engineering more adequate to an 
appreciation of the intellectual problems that it poses. The first obstacle is a 
persistent Western cultural· prejudice that subordinates engineering to science. 
This interpretation of engineering practice as "merely" applied science denies 
the existence of an independent theory of engineering by supposing that the 
principles of engineering reasoning are just those of physical science. The 
second obstacle derives from the fact that engineering serves processes of 
technology-related social change. As a consequence, it is caught up in the 
struggles for social, political, and economic power that are inevitable 
accompaniments of such change. 

The claim that engineering is applied science rests on the assumption that 
physical science and engineering share a common understanding of the world 
and its properties, an understanding based on a shared body of knowledge 
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generated primarily by scientists and always by "the scientific method." A 
presupposition of this assumption is that science and engineering take the 
same world as their object. Neither of these seems to me to be true. Scientific 
knowledge and engineering knowledge are two fundamentally different kinds 
of knowledge, and, bizarre though it may sound at first hearing, they have 
different worlds as their objects. 

If this assumption and its presupposition were true, that is, if science and 
engineering did share a common understanding of the same world, then 
engineering would pose no epistemological or metaphysical problems that 
were not already posed by the sciences. Engineering's ontology would be the 
ontology of the physical sciences. Its theoretical knowledge would be 
provided for it by scientists or, in a minority of cases, by engineers using the 
scientific method and thus acting as proxy scientists. Engineering practice 
would be the empirical qualification, as required by the local circumstances 
of a particular application, of universal theoretical knowledge, complicated in 
detail perhaps, but hardly of compelling intellectual interest. There would, in 
short, be no need for a philosophy of engineering analogous to the philosophy 
of science. 

To be sure, even on this view their common world would be experienced 
differently by engineers and by scientists, because to make their applications 
"work," engineers have to wrestle with the refractoriness of the particular in 
its particularity. For scientists, by contrast, the particular appears as an 
instantiation of a universal. As a consequence, the particular is so much better 
behaved in the world of the scientist than in the world of the engineer that, as 
it can be deduced from the universal, its particularity can be ignored. This 
differential experience even of the world they are supposed to share has not, 
however, led philosophers of science to propose that engineering has an 
understanding of its own, reflecting its characteristic experience of a world 
more resistant to "pure thought" than the world experienced by the scientist. 

One reason why this has not happened is that for the overwhelming 
majority of Western intellectuals, from Plato to the present, reasoning is the 
means by which we discover reality and determine truth, and the form 
(though not necessarily the content) of reasoning is expected to be context
free. That is, it is expected that reasoning will take the same form in every 
application: in philosophy, in mathematics, in the physical sciences, and, if 
they are to be rational enterprises, in the social sciences and in engineering as 
well. Furthermore, reasoning is supposed to be objective, in the sense of 
impersonal and free of willfulness. In addition, there is a strong Western 
prejudice in favor of universal and necessary inference, so that deduction and 
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not induction is identified as essential reasoning, the fonn of reasoning in 
which reality and truth are apprehended least equivocally. Finally, the 
Western intellectual tradition displays a clear preference for understanding 
over doing, for contemplation over operation, for theory over experirnent.2 

As a matter of (socially constructed?) fact, reasoning does take this one 
universal, necessary fonn in mainstream Western philosophy, mathematics, 
and physical science. This is reflected in the obsessive quest for certainty in 
Western thought - a quest Erasmus called "the comedy of the higherlunacy"3 -
and in corollary obsessions with deductive arguments and with the need to 
overcome probabilism and refute skepticism. But reasoning does not take this 
same fonn in engineering. As a matter of principle, solutions to engineering 
problems have a particular, arbitrary, and contingent character. They cannot 
be deduced from the tenns in which those problems are defined, even taken 
together with their boundary conditions and the mathematical models 
engineers employ. In addition, willfulness is inseparable from the definition 
of engineering problems and solutions to them; and engineering is, of course, 
fundamentally experimental and concerned primarily with doing, valuing 
theory as a means to operational ends. Both engineering problems and their 
solutions are inescapably context-dependent for their very definition. 

The relationship of engineering to science bears some similarity to the 
relationship between mathematics and physics. Ostensibly, the mathematician 
and the physicist use the same mathematics. An observer sees the same 
symbols being used by both, sees the same rules used for their manipulation, 
and might conclude that physics and mathematics constitute a continuous 
body of knowledge. But the appearances are deceiving. Mathematics as used 
by physicists is fundamentally different from the mathematics that is the 
object of the professional mathematician. It is almost as if two communities 
used the same words in their languages, which had overlapping, but non
identical syntactic rules and semantic properties. Physics appropriates to 
itself certain products of mathematical research and, in the process of 
applying them to physics problems, transfonns them. As a matter of prin
ciple, a mathematician could not step into a partially-worked-through 
problem in mathematical physics and continue its solution as a problem in 
mathematics, as, for example, a person could pick up a partially completed 
crossword puzzle and, working backward by reviewing the words already 
entered and forward over the empty spaces, complete it. At every step of their 
reasoning, physicists impose on the mathematical apparatus employed by 
them constraints deriving from the characteristics of the physics problem 
whose solution is their object. 
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These constraints range from limits, totally arbitrary from the perspective 
of the mathematician, set on integrals or on the ranges of functions in order to 
make operating with them more convenient, and the setting of boundary 
conditions and the elimination of infinities by mathematically arbitrary 
transformations, to relaxed notions of proof, completeness, existence, or 
continuity - again, relaxed from the perspective of the professional mathe
matician. To work on a physics problem, as opposed to contributing to such 
work, a mathematician would have to allow his or her reasoning to be shaped 
by the physics of that problem even as regards the use of mathematical 
techniques in solving it. Even at its most intensively mathematics-dependent, 
physics remains physics, not a branch of mathematics, not even of applied 
mathematics. Rather, mathematics is applied in physics, on physicists' terms, 
to problems defined by physicists, who also define when those problems are 
to be considered solved. 

A similar relationship exists between science and engineering. Engineers 
do not simply take up the theories, models, or results of scientific research 
and use them to solve engineering problems any more than physicists simply 
take up the results of mathematics research and solve physics problems by 
"plugging in" mathematical functions. Engineers generate the knowledge that 
they need, to solve the problems they define, in terms they assimilate. To do 
so, they selectively appropriate scientific knowledge, in the process transform
ing it into engineering knowledge. 

Engineering knowledge may thus be quite different from scientific 
knowledge, as mathematical physics is quite different from mathematics. Nor 
can it be taken for granted that scientific knowledge and engineering 
knowledge, though superficially different, essentially overlap. The cognitive 
character of engineering reasoning is informed by a distinctive intentionality 
that is embodied in the problems that engineers identify and in the ap
proaches they adopt to solve them. By this I mean that engineers' thinking is 
significantly shaped by the objects about which they think as engineers, 
objects that range from the artifacts they handle and the physical processes 
they employ or can order to be employed, to their conceptualization of a 
given problem and of techniques relevant to solving it. 

The same is true of physics and of mathematics, of course. That is, each of 
those disciplines, too, has a characteristic mode of thinking that is embodied 
in their respective conceptualizations of what their problems are, and of how 
solutions to them are to be achieved. As a consequence, philosophy of 
science is not obviated by philosophy of mathematics and neither should 
philosophy of engineering be obviated by philosophy of science. 
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Indeed, even under the rubric "philosophy of science," distinctions are 
made by philosophers between philosophy of the physical sciences, 
philosophy of the life sciences, and philosophy of the social sciences. In each 
case, philosophers have focused on the nature of the reasoning process in the 
discipline studied, the methodology employed that makes it "truly" scientific, 
and thus truly rational, and on the epistemological and metaphysical issues 
that need to be resolved in order for its rationality to be established to the 
satisfaction of the philosophical community. The nature of engineering 
reasoning calls for comparable consideration if engineering is to be under
stood, and not just for the sake of completeness. 

Engineering poses very different, and much more complex, issues for 
philosophy from those posed by philosophy of mathematics and philosophy 
of the sciences. This is because the objects of engineering reasoning are far 
more complex than the objects of scientific reasoning; the former, unlike the 
latter, never lose their particularity and are explicitly inseparable from the 
intentional, contingent, willful, and value-laden contexts of their formulation. 
Engineering reasoning cannot be discovered from the logic of engineering 
practice which centers not on the application of a generic solution methodol
ogy, but on the explicitly value-laden and highly particular process through 
which engineering problems and solutions are specified. These specifications, 
in tum, are manifestly arbitrary. The distinctiveness of engineering vis-a-vis 
science derives from this specification process, which implicates the design 
dimension of engineering problem-solving (as I will discuss below). Design 
mandates a form of reasoning about engineering problems that is fundamen
tally incompatible with the universal, context-free conception of rationality 
traditionally promoted by philosophers and embedded in modem mathe
matics and physics. This is - it should be noted - not intended to imply either 
that rationality, as traditionally conceived, in principle is universal and 
context-free, or that its actual employment by mathematicians and scientists 
is universal and context-free; only that reasoning in modem science has been, 
and continues to be, conceived of by scientists as in principle universal and 
context-free; that is, free of historical, socio-cultural, and personal deter
minants of its logic and its objects. 

The problems addressed by the sciences are, as revealed by the profes
sional rhetoric of their practitioners, supposed by scientists to be given to 
them by "Nature." That is, scientific problems, in the first instance, are 
conceived of as addressing features of an independently existing reality. 
Within the practice of science, scientific problems are commonly conceived 
of as discovered; they are not arbitrary human inventions. Furthermore, 
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because Nature is assumed by scientists to be the uniform ground of their 
self-given problems, it is possible to suppose that a single form of reasoning, 
the characteristically "scientific" form, will suffice to respond to all scientific 
problems. This supposition anchors the myth of a unique scientific method. 
Finally, solutions to scientific problems are also supposed by scientists to be 
given to them and on the same terms as the problems; that is, they, too, are 
independent of the reasoning process and of the personal, social, and 
historical circumstances of the reasoner (except incidentally and acciden
tally). Nature is what it is and the objective of scientific reasoning is to 
discover what Nature is.4 

But this will not do at all for engineering. Engineering problems are 
overtly invented, and only rarely by engineers themselves. That is, engineer
ing problems are explicitly given to engineers not by a supposed indepen
dently existing Nature, but by people who have, for a variety of generally 
obvious ulterior motives, invented them. Nor do the solutions to engineering 
problems exist in Nature, but only in the minds of those people who have 
posed, or assented to, the engineering problem as defined. To understand 
engineering, then, requires, in addition to understanding the cognitive 
methodologies employed by engineers in solving their problems, understand
ing the ineluctably willful and social processes by which engineering 
problems and solutions are specified, together with the circumstances of 
engineers' acquiescence in those specifications.5 One thing is certain. 
Engineering, on the face of it, is very different form science as traditionally 
conceived, and as scientists continue to conceive it, because the intentionality 
informing the engineering problem specification process, and coordinately 
engineering reasoning, is very different from the presumptive intentionality 
informing the scientific problem specification process, and scientific 
reasoning. 

As a matter of social fact, scientists and engineers constitute two distinct 
professional communities.6 The contrast that I wish to draw here points to 
their distinctiveness as epistemological and metaphysical communities, as 
well. For scientists, intentionalities, value judgments, and willfulness may be 
acknowledged as influencing their professional conduct, but not as affecting 
the content of science. Thus, if one adopts a sociological interpretation of 
scientific knowledge, one must suppose that these factors operate implicitly. 
For engineers, on the other hand, intentionalities, value judgments, and 
willfulness explicitly shape the content no less than the conduct of their work. 
The upshot in either case is that scientists and engineers constitute two 
communities of practitioners whose mutual distinctiveness may well lie, not 
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in their respective relationships to a common body of knowledge, but in the 
respective criteria each explicitly employs in constructing its own body of 
knowledge. 

The claim that engineering knowledge is sui generis is reinforced by the 
implausibility of the supposition that scientific knowledge and engineering 
knowledge have a common object. Setting aside for the moment recent 
interpretations of science by defenders of the so-called Strong Program in the 
sociology of science,7 the object of scientific knowledge, at least for scien
tific practitioners themselves, remains the impersonal, object-like value-free 
world that it was for the founders of modem science. This notion is suffi
ciently believable that the general public and many professional intellectuals, 
among them many historians, philosophers, and sociologists of science assent 
to it. Furthermore, even for those (and I count myself among them) who 
argue that scientific theories are socially constructed, it must be ack
nowledged that the practice of science explicitly, often aggressively, denies 
the social construction claim. In one way or another, scientists behave as if 
the object of scientific reasoning were independent of the reasoning process 
of the reasoners and of the social determinants of their own behavior. This in 
no way prejudices the case for the socially constructed character of scientific 
knowledge, which in any event needs to get behind the manifestly objective 
"public face" of science. Nor would accepting the social construction 
interpretation of scientific knowledge automatically vacate the contrast 
between science and engineering simply because they both would be social 
processes: they w(>uld, after all, remain two different social processes, 
distinguished by the contrasting commitments of their practitioners. 

The object of engineering, however, appearances to the contrary not
withstanding, is a very different type of object than this. On no account could 
the object of engineering knowledge, or the specification of engineering 
problems, or the determination of what will count as acceptable solutions to 
them, be claimed even by engineers to be impersonal, value-free, or a matter 
of fact. From beginning to end and every step in between, engineering theory 
and practice is shaped by manifestly arbitrary, that is, explicitly willfully 
imposed, constraints expressive of a host of personal, institutional, social 
(including economic and political), and cultural (including aesthetic and 
religious) value judgments. The role of design in engineering illustrates this. 

Design mayor may not be the essence of engineering, but it is unques
tionably central to engineering, and design is an explicitly valuational 
activity, a necessarily non-unique synthesis of a "box" of means, a set of 
imposed constraints, some natural, most arbitrary, and a fuzzy vision of an 
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end to be achieved. A number of students of engineering, among them 
Eugene Ferguson, Brooke Hindle, Edwin Layton, Otto Mayr, and Anthony 
Wallace have argued that engineering design is distinctive vis-a-vis scientific 
analysis.8 For example, while the latter is logical and discursive, the former, 
while no whit less intellectual, is non-logical, or better, not logical in the 
same sense, and non-discursive. Ferguson, Hindle, Thomas Hughes, and 
Samuel Edgerton have called attention to the role of visualization in design, 
and Ferguson in particular has argued that an over-emphasis on scientific 
analysis has corrupted the undergraduate engineering curriculum and is 
responsible for the proliferation of bad designs.9 Others have argued that the 
strong science orientation of graduate engineering education and academic 
engineering research has harmed the teaching of design because design is not 
analytic, and it has reduced the effectiveness of engineers in industry because 
it discourages interest in manufacturing problems. 10 

In his monograph, The Shape of Time,11 George Kubler compares 
engineering design solutions - solutions to problems posed by the desire to 
make new or improved artifacts - to aesthetic solutions to artistic problems. 
In addition to a visual component in design, Kubler notes that a kind of 
aesthetic judgment is operative in design. This judgment is embodied in the 
engineer's having to synthesize, in a consciously non-unique way, traditional 
and parallel contemporary solutions to this sort of problem; alternative 
solution options offered by available knowledge; and the spectrum of 
imposed constraints that enter into the very definitions of engineering 
problems and of what will count as acceptable solutions to them. Some of 
these constraints shaping what engineers know and how their knowledge is to 
be used include performance, cost, schedules to be met, quality, durability 
and reliability expectations, materials and production processes to be used or 
avoided, personnel availability, managerial prejudices, and corporate styles, 
among many others. None of these constraints, of course, has intrinsic 
weighting measures. 

The synthetic and non-verbal aspects of engineering design contrast 
sharply with the analytical and discursive character of science. Together with 
the necessarily non-unique character of any given design solution, they entail 
profound methodological distinctions between science and engineering. Billy 
Vaughn Koen has attempted to define the engineering method in terms of 
intuitively derived and intuitively applied heuristics that are "in the final 
analysis unjustified, incapable of [strictly logical] justification and fallible." 
Their use generates "possibly, but not necessarily correct ways to solve a 
problem."12 Layton has called design an instance of "ill-defined problem 
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solving in which no solution algorithm is possible, no unique final solution 
state exists nor any path to it," and no "correct" solution exists either. 13 

Hindle writes that the essence of design is elusive, "it is never fully subject to 
logic or rule" and "there is no deterministic or scientific way to design a 
machine."14 Worse still, from the perspective of the epistemology of the 
physical sciences, it is a commonplace of engineering practice that what 
engineers working on a problem identity as the "best" solution to it is 
frequently rejected in favor of a less elegant solution on extra-technical 
grounds, for example, cost, marketability, style, legal restrictions. IS 

The non-uniqueness of engineering solutions has a number of conse
quences that distinguish engineering from science. Unless they are inter
translatable, rival scientific theories do not coexist well. The posture of the 
scientific community is that at any given time there is one best theory for 
explaining a particular phenomenon. The "solution space" of engineering 
problems is far richer and more complex than this. As a result, to attempt to 
explain why engineering solutions replace one another, why artifacts, 
machines, and technologies evolve as they do, will be very different from 
attempting to explain why scientific theories replace one another as they do, 
even if scientific theories are socially constructed. That is, even on the latter 
view, different sorts of social influences will be identified as operative. I6 

Again, the consciousness on the part of engineers that the specification of 
their problems and the terms of acceptable solutions to them are determined 
by arbitrary constraints imposed on them from outside engineering con
stitutes a fundamental distinction of engineering from science. This distinc
tion holds even if the radical sociologists of science are correct and the 
content of science, no less than its conduct, is shapes by social and historical 
factors, so that the classical notion of objectivity is a myth. Practicing 
scientists do not experience the object of their research as defined by the wills 
of other scientists, let alone by non-scientists, yet this is the norm for 
engineers. That is, it is the norm for engineers, the overwhelming majority of 
whom are employees in private industry, that the constraints they must satisfy 
come from outside engineering: from managerial interpretations of the 
marketplace, of institutional needs, of political objectives, or of corporate 
agendas to which engineering excellence as defined by engineers is typically 
a secondary consideration. 17 

The preceding discussion at least suggests that the characterization of 
engineering as applied science is misleading because engineering knowledge 
and its object are distinctive by comparison with scientific knowledge and its 
object, and because engineering reasoning is distinctive, too. If scientific 
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knowledge and engineering knowledge embody distinctive mtionalities, and 
if the world that is the object of scientific knowledge is different from the 
world that is the object of engineering knowledge, then engineering deserves 
our attention and for two reasons. Engineering poses intellectual problems 
parallel to those posed by science, problems that have been ignored because 
of the pervasive underestimation of engineering in Western "high" culture. 
And engineering, as an element of technology as a social process, is actually 
changing the world. 

The distinctiveness of engineering knowledge vis-a-vis traditional 
epistemology and philosophy of science is that it is a form of knowing in 
which knowledge claims, ostensibly validated by their "successful" im
plementation in the form of technologies (artifacts, production processes, or 
techniques), cannot be separated from the willfulness embedded in selective 
interest, selective action, and the exercise of power. I8 Engineering 
knowledge is a form of knowledge that develops in the context of an 
explicitly constrained decision-making process characterized by such 
parameters as Herbert Simon's notions of satisficing and bounded mtionali
ty,I9 by parochial value judgments reflecting the agendas of the institutions 
within which engineering is practiced and finding expression in the formula
tion of engineering specifications, in personnel utilization decisions, in issues 
of control, the choices of ends and of means acceptable for achieving them, in 
determinations of authority and accountability.20 Engineering knowledge is 
distinctive for being driven by the search for consciously non-unique 
solutions to explicitly invented problems. 

Unlike· science as traditionally conceived and still commonly charac
terized, especially by scientists themselves, neither engineering knowledge 
nor engineering practice can be separated from the needs, values, and 
institutions of the communities within which engineering is pursued. These 
enter into engineering as endogenous factors, while the science community 
continues to maintain that for science these are only exogenous factors, that 
basic research is in principle an objective pursuit of the way things are "out 
there," in the objectively existing world. 

Engineering thus poses a new set of epistemological problems deriving 
from a rationality that is different from that of science because the rationality 
of engineering involves volition, is necessarily uncertain, transient and non
unique, and is explicitly valuational and arbitrary, Furthermore, engineering 
also poses a distinctive set of metaphysical problems. The judgment that 
engineering solutions "work" is a social judgment; sociological factors must 
be brought directly into engineering epistemology and ontology.21 The fact 
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that engineering practice entails action on a world also implies that the 
ontology of engineering cannot be bracketed, so to speak, as the ontology of 
science can be, for example, under positivist interpretations. Engineering 
does not lend itself to a suspension of metaphysics in the manner of a 
coherence theory of truth: realism of some sort would seem to be intrinsic to 
engineering. 

Jerome Ravetz and Bruno Latour have commented on the co-evolution of 
scientific facts, ideas, methodologies, and tools; also, that scientific instru
ments in some sense create the phenomena they were designed to measure.22 
Andrew Pickering offers a detailed account of how neutral currents in 
elementary particle physics emerged, as an "observed" phenomenon, out of a 
creative interaction between theoretical anticipation and available data.23 But 
in engineering this interdependence among the object of thinking, the subject 
of thinking, and the concrete expressions of that thinking is so manifest that it 
will not permit the kind of idealization of engineering reasoning that has been 
imposed on scientific reasoning. The technologies produced with the aid of a 
body of technical engineering knowledge actualize realities that seem to be of 
a different order than those projected by science.24 Crudely put, science has 
as its central activity generating descriptions of the way things are. Engineer
ing has as its central activity generating things that have never been. 

What the metaphysical commitments and implications of engineering are 
need to be investigated, but the recognition of the fundamental willfulness of 
technology was of sufficient moment for Martin Heidegger that he inverted 
the received tradition and argued that science was both logically and 
ontologically subordinate to technology.25 For Heidegger, engineering is 
expressive of a will to make the world be for us as we want it to be. The will 
to engineer, so to speak, creates social and intellectual "spaces," respectively, 
for technology and for science. As a consequence, science's distinctive 
conceptual commitments ultimately, and unconsciously, serve engineering's 
needs; rather than the other way around. 

It is possible to build further on these observations and to begin to identify 
the distinctive world outlook of engineering, what I earlier called its theoria. 
This would be to the theoria of the physical sciences as induction is to 
deduction, as the pragmatic is to the rational, as non-deterministic design is to 
deterministic law, as the contextual is to the universal, as the pluralistic and 
contingent is to the unique and necessary, as the open-ended is to the once
and-for-all, as Ciceronian rhetoric is to Platonic philosophy, as the skeptical 
is to the certain, as the Principle of Insufficient Reason is to the Principle of 
Sufficient Reason. 
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The contrasts set up here overlap and are largely self-explanatory. The 
world view of modem science is captured by a cluster of descriptors that 
includes deductive, Rational (in the classic sense of the term), deterministic, 
lawful (or law postulating), universal, necessary, uniquely true, timeless. 
Again, these terms describe science as its practice reveals that its prac
titioners conceive it, which is not necessarily science as it "really is." 
Quantum mechanical indeterminacy does not controvert the generic deter
minism, necessity, or certainty of science, for the equations of quantum 
mechanics still evolve deterministically, even though certain of the terms of 
those equations may be interpreted as probability distributions. The current 
prominence of chaos theory - as much a misnomer as relativity theory, in that 
the latter no more justifies the inference that everything is relative than the 
former does that natural phenomena are anarchic - reinforces this, as its 
practitioners busily formulate the laws governing the transition from orderly 
to only apparently disorderly behavior. Science is Platonic (or perhaps more 
accurately Pythagorean) in its intellectualism, in its embrace of the Principle 
of Sufficient Reason, and in its practitioners' pursuit of idealized, mathemati
cal abstractions as the "true" reality from which the physical world can be 
deduced. 

Engineering, by contrast, embraces what I have elsewhere called the 
Principle of Insufficient Reason that, as a matter of fact, dominates our daily 
lives.26 That is, we continually experience the need to make deliberate 
decisions that cannot be made the conclusions of deductive arguments. 
However thoughtfully we try to act, we never possess information suffi
ciently complete and sufficiently general to permit acting on logically 
justifiable grounds, where "logically" means deductively. Soren Kierkegaard 
once wrote: "It is perfectly true as philosophers say, that life can only be 
understood backwards. But they forget that other proposition, that it must be 
lived forward.,,27 Similarly, Moses Maimonides noted that retrospectively, all 
natural phenomena look necessary, while prospectively they appear contin
gent.28 Mutatis mutandis, science (as practiced) concerns itself with the 
construction of best necessary explanations, while engineering generates a 
range of inevitably contingent options for action in real time, Kierkegaard's 
"living forward," which entails the superaddition of will to reason. The 
prominence of the Principle of Sufficient Reason in the Western intellectual 
tradition, and the fact that the Principle of Insufficient Reason has been taken 
seriously only by the minority community of skeptics, probabilists, and 
pragmatists, are further evidence of a bias toward science in Western culture. 

The non-deterministic logic of design, and the non-uniqueness of the 
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specification of engineering problems and solutions, entail that engineers 
must be guided by just such a Principle of Insufficient Reason. This makes 
engineering akin to the rhetorical tradition of the Sophists and of Isocrates, 
and especially of rhetoric as codified by Cicero and revived in the Late 
Middle Ages, rather than to classical philosophy, whether Platonic or 
Aristotelian.29 The Humanist revival of rhetoric saw in it a methodology for 
creating a "public space" for disputation in which controversial issues could 
be argued non-coercively, a space in which convincing but not logically 
compelling inferences were defended, in the expectation that no one conclu
sion would be uniquely acceptable to all and that with accumulating 
knowledge and experience, every conclusion was vulnerable to revision.3D 
Engineering shares many of these same characteristics and a philosophical 
inquiry into engineering would have to overcome the condescension with 
which philosophers in the modem period have treated rhetoric. 

Finally, while engineering poses questions of truth and reality analogous 
to those posed by science, it also draws into their consideration questions of 
justice, of the good, and of beauty: if not in the artistic, then in the 
philosophic sense of judging that the balance of means and ends is har
monious. This is entailed by the acknowledgment that engineering is a praxis, 
which, as Paul Goodman argued twenty years ago, makes engineering a 
branch of moral philosophy.31 Because the practice of engineering always 
takes place in action contexts, and because the form of its characteristic 
rationality includes a range of synthetic, and personal, and social-volitional 
elements, the practice of engineering, unlike the practices of science, 
mathematics, and philosophy, is inseparable from questions of right action. 
And in distinct contrast to science, the problems engineering poses for 
philosophy have a holistic character. The epistemological and methodological 
questions raised by engineering knowledge cannot be separated from 
questions of engineering's ontology because engineering entails action on a 
world. And because engineering entails action on a world, engineering 
intrinsically and inescapably raises moral, political, and aesthetic questions 
that traditionally are external to the conduct of science. 

But these intellectual justifications for studying engineering carry in their 
train powerful obstacles to such study. The intellectual underestimation of 
engineering is merely a symptom of deep Western cultural prejudices that are 
likely to be difficult to overcome. And the fact that engineering is implicated 
in changing the world means that it is implicated as well in the struggles of 
powerful vested interests acting to control, and to benefit from, that change. 
There is little incentive for these interests to encourage public scrutiny of the 
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technological innovation process and of the role played in it by engineering, 
and every reason to suppose that they would wish to discourage it. 

I have referred on a number of occasions to a Western cultural prejudice 
against engineering. What evidence is there for such a prejudice? 

One might begin by asking why even the educated public knows so much 
less about engineering and about engineers than they do about science and 
scientists. The National Academy of Engineering notwithstanding, very few 
of the people who could name five or even ten great scientists could name 
two great engineers, and one can confidently anticipate that the leading 
candidates would be Thomas Alva Edison and Henry Ford. 

The recent crusades on behalf of public literacy about science and 
technology focus almost exclusively on science and the science component 
within technology, for example, scientific breakthroughs in materials 
research that underlie potential superconductor-based technologies. 
Popularizaticns in the vast majority of cases are of scientific theories -
cosmology and astrophysics, relativity and quantum theories, plate tectonics, 
recombinant DNA - or of the careers of scientists, or of the wonders 
promised by new technologies and the scientific research that went into their 
discovery and will have to be done before they can be perfected. Has even 
one episode of NOVA attempted to explain to the public the role of engineer
ing in technology, or the fact that engineers, too, engage in knowledge
generating research? 

There is, of course, no Nobel prize for engineering achievements and no 
National Engineering Foundation to publicly channel public funds into 
engineering research. It is therefore hardly surprising that technological 
accomplishments are almost invariably ascribed to science primarily and 
engineering secondarily. This is a cliche as regards such disparate enterprises 
as the space program and industrial production. Space successes are scientific 
triumphs and our industrial competitive strength is our basic science research 
apparatus. Space disasters are engineering failures, as is our inability to 
compete with the Japanese. It is worth recalling, too, that the World War II 
successes of the Office of Scientific Research and Development, while 
ascribed to science and used as a rationale after the war for permanent 
mechanisms, including the National Science Foundation, for public funding 
of scientific research, were largely engineering triumphs, as Vannevar Bush 
himself somewhat ruefully noted.32 It is not irrelevant to ask if the very 
choice of the name "Office of Scientific Research and Development" did not 
reflect a conscious decision to capitalize on a higher public regad for science 
than for engineering, a question that could with some justification be asked of 
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the National Science Foundation and the National Academy of Sciences as 
well.33 

A good elementary school staff today invariably includes science 
specialists with curricular materials adapted to the abilities of children from 
kindergarten up. The high school curriculum invariably includes the oppor
tunity to take at least three years of science, and in a growing number of 
states three years of science is a requirement for graduation. Virtually all 
undergraduate liberal arts degree programs require that students take some 
courses in mathematics and/or the physical or life sciences. At no point in 
this sixteen-year span of education is there perceived to be a need to intro
duce students to engineering, even in those curricula that acknowledge 
technology as a formative social influence. That is, even where science, 
technology, and society (STS) materials are included in high school and 
college curricula, the engineering dimension of technology is commonly 
treated as a "black box." The Council for the Understanding of Technology in 
Human Affairs, and the Sloan Foundation program for the New Liberal Arts, 
have had very limited success, at best, in bringing engineering (as distinct 
from the social relations of science and technology) into the coursework of 
students other than engineering majors. 

Cecelia Tichi has called the engineer "the invisible man of [academic] 
American studies."34 In spite of the enormous social implications of technol
ogy for American society in the period from the Civil War to the Great 
Depression of the 1930s, and in spite of the popular identification at that time 
of the engineer as the agent of technological innovation, American studies 
has largely ignored engineers and engineering. So has American popular 
culture, except for a period of some fifteen years from the late 1890s on, 
during which engineers regularly appeared as the heroes of best-selling 
novels and silent films.35 Indeed, until the 1960s, academic intellectuals also 
ignored science and technology, or subordinated them to political, economic, 
and social-psychological agents of social change. 

When, in the course of the 1960s, Western intellectuals initiated a broadly 
based, systematic critique of the concept of objectivity, the result was a 
renovation of the history, philosophy, and sociology of science.36 A consen
sus grew, and has since been sustained, that rather than being value-free, 
culture-free, and ahistorical, that is, "objective," scientific knowledge has a 
fundamentally social-historical character. This has proven to be a powerful 
stimulus to the study by humanists and social scientists of the nature of 
scientific reasoning, the bases of scientific theory replacement, and the 
synchronic and diachronic social relations of science. The fulcrum of the new 
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perspective on science has been a commitment to the value-laden character of 
all theory and thus of all knowledge, including scientific knowledge. 
Coordinately, the objectivity of technology was also criticized, and rejected. 
As a result, the study of the social relations of technology - including its 
history, especially its social history, its sociology, politics, public policy, and 
social impact - has enjoyed a continuing popularity, though philosophy of 
technology has not fared nearly as well as these other disciplines. 

What did not emerge from these intellectual developments was the 
philosophy of engineering as an accepted area of specialization within 
philosophy, or of sociology of engineering; there has been some limited 
interest in the history of engineering as a specialty within the history of 
technology, especially the history of engineering professionalism and 
education. Today, then, philosophy of science is a fully accepted and highly 
respected branch of philosophy, while philosophy of engineering carries as 
much profes1:ional distinction as philosophy of parapsychology . Yet the 
critique of objectivity that sparked the renovation of science and technology 
studies, pivoting as it does on the value-laden character of science and 
technology, applies even more forcefully, and more evidently, to engineering 
than to science, as the preceding discussion of design indicates. Indeed, 
although I cannot argue it here, the revaluation of objectivity seems to me to 
imply that philosophy of engineering should be the paradigm for philosophy 
of science, rather than the reverse. 

Finally, engineering is caught up in high-culture prejudices against the 
particular, against concreteness, practice and action, and in favor of the 
universal, abstraction, theory and contemplation that go back to Pythagoras, 
Plato, and Aristotle.37 These prejudices triumphed in the struggle between the 
Sophists and the Socratics for the definition of philosophy, a triumph 
reflected in the routine subordination of Roman culture by high-culture 
critics. They are· strongly characteristic of medieval Scholasticism and 
Renaissance "magical" nature philosophy, and they persisted in modern 
science in the superior status accorded to theory over experiment. 38 The early 
assimilation of science and mathematics into the university curriculum 
contrasts sharply with the nineteenth-century battles over university-level 
status for the study of engineering, while engineering education and profes
sionalization in the last hundred years have developed by deliberate emula
tion, or assimilation, of scientific research norms, institutions, and values.39 

This context of cultural prejudice reinforces the rationale for the hierarchi
cal ordering of science and engineering, namely, that science is more 
fundamental than engineering. But that science is superior to engineering 
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because engineering can only be approached through science is, for one 
thing, historically insupportable.40 Even during the Golden Age of engineer
ing - the nineteenth and early twentieth centuries, when Western societies 
truly were revolutionized by new production, transportation, communication, 
construction, and energy technologies - engineering's indebtedness to 
science was modest at best, and in earlier transformations rung on European 
societies by technology, from the eleventh century to the nineteenth, the 
indebtedness was nonexistent. 

Part of the problem of disentangling science, engineering, and technology 
lies in an equivocal use of the term "science." Engineering always embodies 
knowledge and if "science" is a synonym for "knowledge," then of course 
science is a precondition of engineering. But we have already seen that the 
kind of knowledge engineers wield is different from the kind that scientists 
wield, although some concrete expressions of their respective types of 
knowledge - functional relationships, data, instrumentation - are often 
transferrable. The crucial point to appreciate is that engineering on its own 
activity generates knowledge. It does not passively wait for knowledge to be 
given to it from a different community of practitioners in order for it to 
attempt increasingly complex enterprises. 

This was the case with the development of wind - land and water - power 
technologies from the eleventh century on, and the development of increas
ingly sophisticated gear-driven machinery especially after the fifteenth 
century. The development of the factory system and early industrial 
chemistry, canal building, iron and steel metallurgy, bridge and tunnel 
construction, highways, the whole range of steam-power technologies among 
many, many others illustrate the point: engineering became increasingly 
sophisticated from the sixteenth century on, and especially from the late 
eighteenth century, on its own, not because it was being pushed by science. 

This is not to say that engineering was then, or is now, independent of 
science. Modern science and modern engineering are collateral expressions 
of Western European cultural developments since the sixteenth century.41 
Furthermore, although then as now scientists and engineers constituted two 
distinct communities, they have not been isolated from one another. The 
possibility for mutual fertilization and systematic interaction existed and 
began to be exploited in the late eighteenth century. This interaction finds 
expression in a growing intensification of mathematics in engineering 
practice, and in an intensifying commitment to a systematic approach to 
engineering training, resting on experimentation and the appropriation of 
specific scientific results. 
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All of these were incorporated into engineering education in the course of 
the nineteenth century.42 Concurrently, systematic interaction between 
science and engineering was stimulated by the emergence of the industrial 
research laboratory, but until the middle of the nineteenth century there were 
few scientific theories fertile enough to have practical applications. On the 
contrary, an autonomous drive within engineering in the context of the rush 
of contemporary technological innovations was pressing transportation, 
communication, power, and a wide range of production and materials 
processing technologies, independent of the rate of development of scientific 
theories bearing on those applications. James Clerk Maxwell's electromag
netic theory, after the experimental demonstration of electromagnetic waves 
by Heinrich Hertz and by Oliver Lodge, suggested Guglielmo Marconi's first 
spark gap transmitter and receiver. But the development of a practical radio 
communication technology proceeded largely in advance of, and can even be 
said to have stimulated the development of, theories of tuning, signal 
propagation, and electronic amplification.43 

The actual relationship of engineering to science is further complicated by 
the experience of the past half-century. During this time, the practices of 
science and engineering have become mutually interdependent, the politics of 
science and engineering in relation to society have become highly ideologi
cal, and the professional communities of scientists and engineers have 
developed in distinctive ways. In addition, we have become accustomed to 
associating engineering with doing, so that, on the one hand, we incorrectly 
conflate engineering and technology, and on the other, we speak, imprecisely, 
of scientists practicing engineering when they construct the most complex of 
their instruments.44 

The complexity of their relationship notwithstanding, the central questions 
bearing on the claim that engineering is applied science are these: is science 
logically prior to engineering; is science chronologically prior to engineer
ing? Both the historical record and the preceding arguments regarding the 
distinctiveness of engineering knowledge and the world that is its object 
suggest that the answer to both of these questions is No. 

Engineering is prior to science, understood as the systematic, abstract 
study of natural phenomena, and this remained the case even in the era of the 
steam-power-based Industrial Revolution and into the eras of electricity, 
synthetic materials, radio, and flight. Had science stopped dead with Pierre 
Laplace, the societal transformations that took place in the nineteenth century 
would not have been affected. Part of the reason for this is that engineering 
has its own knowledge base. Under the influence of the prevailing prejudice, 
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we are inclined to suppose that the know ledge components in medieval and 
Renaissance engineering, for example, were proto-scientific, or scientific 
"inclusions" within engineering, later reinforced by explicit borrowings, a 
process systematized by the progressive scientization of engineering 
education in the course of the nineteenth century. But if engineering 
knowledge is sui generis, then engineers are not fundamentally indebted to 
scientists for the knowledge they need to practice engineering. 

In the absence of an institutionalized and fertile science, engineers 
generate their own theoretical knowledge in the course of solving their 
problems. They have been doing so for millennia, and continue to do so 
today. Furthermore, as Layton has shown, even where engineers did ex
plicitly borrow from science, in thermodynamics and in electrical theory, for 
example, they had to rethink the abstract scientific knowledge and reformu
late it as concrete engineering knowledge.4S If we then add to this the 
distinction between the object worlds of scientific and engineering 
knowledge, the conclusion must be that science is not either chronologically 
or logically prior to engineering. 

It is, nevertheless, easy to overstate the distinctiveness of science and 
engineering. While they are distinct in principle and at a certain level of 
practice, at other levels their practices overlap to such a degree that it seems 
pointless to attempt to distinguish them, while their professional institutions 
have been intertwined for more than a century. Engineering education 
especially has been based on a scientific ideal for engineering practice since 
the late nineteenth century, when a last effort to keep engineering training 
rooted in shop and job training failed to win wide support. 

Engineering practice and the professional institutions of the engineering 
community have also been "scientized." Especially since the Second World 
War, engineering research, modelled after scientific research, has become a 
dominant force in academic engineering. The Ph.D. in engineering has 
become increasingly significant in private industrial research and develop
ment, and in engineering management. Extremely uncommon prior to World 
War II, and awarded in the early and mid-1940s at the rate of approximately a 
hundred a year, the number has grown to an average of three thousand a year 
over the last fifteen years. This is a far larger number than can be absorbed by 
educational institutions, yet industry has never defined a specific need for 
engineers with doctorates, other than organizational stature in R&D or R&D
management settings. The assimilation of the science research model to 
engineering has been so complete, however, that NSF was forced, in the early 
1980s, to acknowledge engineering research as a funding obligation parallel 
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to scientific research. This commitment was formalized by a change in the 
NSF charter in 1985 and by expanded NSF funding for engineering and the 
creation of a national network of Engineering Research Centers. Some, 
however, see the scientific model as having deflected engineering away from 
an orientation to manufacturing, with negative consequences for U.S. 
industrial competitiveness.46 

At the same time that engineering institutions and practice have been 
reconstructed in emulation of scientific institutions and practice, science, as 
Jerome Ravetz has argued, has been industrialized. In part this has been the 
result of science's direct interaction with engineering in industrial settings, in 
part through its co-option by industry and government as a driver of 
economic growth and political and economic power, in part through the 
steadily increasing dependence of "big" science on highly sophisticated, very 
large and/or very expensive machinery and instrumentation.47 That it is 
difficult to distinguish applied science from engineering in practice has 
potentially profound implications for "pure" science as well as for engineer
ing, particularly as the distinction between pure and applied science is 
relative rather than absolute. Indeed, as suggested above, social construction 
interpretations of science imply that the covert logos of scientific reasoning is 
a variant of the logos of engineering reasoning, so that the real distinctiveness 
of science vis-a-vis engineering lies in the ideology motivating its overt 
objective facade. 

There are, clearly, strong structural similarities today between the 
practices of science and engineering and these have been variously identified 
by Ravetz, Trevor Pinch and Wiebe Bijker, David Dickson, and most 
recently by Latour.48 Layton has argued that the notion of the relationship of 
engineering to science prevalent at a given time expresses ideological 
commitments,49 and this certainly seems to have been the case in the post
World War II period when the creation of the National Science Foundation 
was being debated.50 As became clear in the late 1970s, when the creation of 
a National Engineering Foundation was proposed, the hold of the pure/basic 
science community on the public's monies is fragile, so that there is a great 
deal at stake for science in reinforcing the cultural, epistemological, and 
professional primacy of science in relation to engineering. 51 

Williams Jennings Bryan once argued that all political questions are 
ultimately moral questions and, given that the moral intuitions of politicians 
are a priori no better than the moral intuitions of the general citizenry, all 
political questions must be open to the public. 52 In the same vein, one could 
argue that all technological questions, including what engineers ought to be 
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doing and how they ought to be doing it, are ultimately political questions, 
because technological action is the end-product of a series of value judgments 
in which society is implicated from beginning to end. Lack of technical 
expertise is not a valid ground for excluding the public from participation in 
technology policy decisions. This should be self-evident. Members of 
Congress, presidents and their cabinet secretaries, the military high com
mand, and corporate upper management in the overwhelming majority of 
companies, have no training in science or engineering, yet they set science 
and technology policies as a matter of routine. Excluding the public is strictly 
a matter of maintaining power relationships. Were the will there to do so, the 
same technocratic infrastructure that services political, military, and cor
porate decision-makers could provide their putatively value-free technical 
expertise to the public as well. 53 

But this is, of course, highly unlikely to happen. The expertise represented 
by General Motors' engineers, for example, is proprietary to GM not only 
because GM has chosen to pay for their knowledge, but because what they 
know, and how what they know is being selectively exploited at GM, are not 
in the least value-free. The rubric "proprietary information" serves as a buffer 
for the latter fact as much as for expert information protected. It is not so 
much that Ford and Chrysler, Toyota and Honda would benefit from this 
information, as that GM could be harmed by a general awareness of the 
innovation choices GM was making and why, or of what GM's engineers 
thought about managerial decisions relating to automation, fuel efficiency, 
safety, and product quality. 

Engineering, through technology, is directly implicated in changing the 
world. It is, therefore, directly implicated in the struggles for power among 
the institutions and individuals in society who see threats to their interests in 
new technologies, or who see in it opportunities for expanding those interests. 
One consequence of this fact is that there is a vested interest among powerful 
forces in society in not having the public appreciate the role played by 
engineering in technological innovation. Consider, for example, Karl Marx's 
oft-cited Eleventh Feuerbachian Thesis: "Until now philosophers have only 
attempted to interpret the world; the point, however, is to change it."54 This is 
certainly wrong. 

While it may be true that prior to Marx philosophers were satisfied to 
interpret the world, the point surely is not to change the world, but to improve 
it. The history of technology is evidence that it is not all that difficult to 
change the world in many superficial and profound ways, generally unpredic
tably; but it is plainly very difficult indeed to improve it. The asymmetry 
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between "change" and "improve" - every improvement entails a change but 
not every change is an improvement - calls attention to the necessity of 
antecedent value judgments in order to determine whether any given change 
is an improvement or not. That is, as so many critics of technology have 
noted, only a vision of ends to be achieved allows us to determine whether 
appropriate means to reach those ends have been selected and are being 
employed effectively.55 Technologies, of course, are always and necessarily 
means, precipitating changes that are commonly made possible only by 
access to engineering expertise. The process by which new technologies are 
generated and then disseminated in society would become vastly more 
difficult to manipulate by technological actors if the public recognized the 
fundamentally political character of the innovation process and of the role 
played in it by engineering. 

Technological innovation, like revolutionary politics, has as a central 
deliberate objective changing some things about the world, to the advantage 
of the innovators, while leaving others unchanged, for the same reasons. But 
whether technology-induced changes are improvements or not entails 
judgments that refer back to the value structure of the decisions underlying 
technological action. No more than the revolutionary in relation to political 
action can the technical in relation to technological action be itself the source 
of judgments of the value of the changes induced by that action. Furthermore, 
what new technologies leave unchanged, for example, with respect to the 
distribution of political power, social power, and wealth is revealing of the 
socio-political forethought that enters into technological action. 

The purported value neutrality of the technical is thus an ideologically 
motivated stratagem. It serves to insulate from criticism the dynamical factors 
determining technological action at the expense of misrepresenting engineer
ing. As Lewis Mumford has insightfully observed, the claim that there is a 
value-free world of objects over against which we humans stand, uniquely, as 
subjects, is itself a complex value judgment. 56 That it won widespread 
support in the seventeenth century is a fact about Western culture of enor
mous significance for the destinies of modem science and engineering, and 
for the forms of their exploitation. What it signifies is that the impact of new 
technologies reflects antecedent value commitments in order for that impact 
to be realized. The triumph of the machine in the nineteenth century was for 
Mumford a consequence of the social, political, and cultural mechanization 
of people in the course of the preceding two hundred years in the West, rather 
than the reverse. That is, the triumph of the machine was not the result of the 
coerced transformation of a society that valued every human as an end, not a 
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means, merely because of the invention of machines with certain technical 
characteristics. 

Mumford's critique of technology, which strongly echoes themes in 
Giambattista Vico's New Science, suggests that a philosophy of engineering 
would open out to philosophical anthropology. The creation of technical 
knowledge, the selective exploitation of technical knowledge, and the social 
consequences of that exploitation are mutually interrelated. Furthermore, the 
social context of technological action and the constellation of political, 
economic, legal, and cultural institutions and values extant at a given moment 
in a society's existence, determine the managerial agendas that shape the 
applications of technical knowledge. Engineering is therefore inseparable not 
merely from the concrete institutional contexts of its practice by individual 
engineers operating under particular managerial directives. It is inseparable 
as well from the broader social environment of which those contexts are 
expressions. 

The philosophy of science was for a long time pursued as if the logos of 
science were separable from the history of science and from the daily practice 
of science; as if the essence of science were an abstract mode of reasoning 
and thus accessible to pure thought. The philosophy of engineering, however, 
cannot be pursued in this way. From the start engineering must be understood 
as integral to its social context, on which the products of its work act, often 
with unanticipated consequences, and to which the content and the conduct of 
engineering is a response. The philosophy of engineering cannot, therefore, 
be a technical specialty within philosophy, as philosophy of science has 
become. Philosophy of engineering forces an engagement with an ontology 
not of the world, but of a world that some people have chosen to make and 
which then makes all people over as people. It forces as well an engagement 
with an epistemology of explicitly willful reasonableness, and with the 
interpenetration of the technical with the moral, the political, and the 
aesthetic. Paradoxically, then, a critical approach to engineering forces a 
systematic philosophical response, acknowledging the integral unity of the 
problematics of the real, the true, the good, the just, and the beautiful within 
the domain of the technical. 

Lehigh University 
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JOSE SANMARTiN 

ALTERNATIVES FOR EVALUATING THE EFFECTS OF 

GENETIC ENGINEERING ON HUMAN DEVELOPMENT* 

On the subject of genetic engineering, as with most technological develop
ments, speculation often outruns reality. What I mean to say is that genetic 
engineering has its share of fortune tellers, and their prognostications are not 
limited to justifying the current state of the technology; they go on to 
demonstrate how extensions to unheard - of dimensions will demand a new 
and better social order. The term "revolution" - as everyone knows who is 
familiar with the history of science, of technology, and of culture generally
has been applied since the nineteenth century not only to political upheavals 
but also to technical innovations. Furthermore, anyone thus enlightened also 
knows that such revolutionary promises, in the long run, often lead to quite 
modest results. 

In fact, all major technological innovations have, historically, been 
cheered on by a chorus of voices praising their excellence. And the chorus is 
joined, oddly enough, not only by engineers and technicians but by jour
nalists, philosophers, humanists, and scientists - particularly those in the 
human sciences and the basic sciences. The words they sing typically have 
little to do with the material advantages of particular technologies; rather, 
they highlight the contribution of each particular innovation to bringing about 
a new social order which will be more just, more democratic, or more 
egalitarian. In short, each technological revolution is depicted as ushering in a 
utopia newly put within human reach. 

It is not uncommon today for the chorus cheering on technological 
development to include within the predicted bucolic utopia great claims for 
both personal computing and genetic engineering. 

From the days of Francis Bacon's New Atlantis on - again, as everyone 
knows - utopian technological predictions have turned out to be pipe-dreams 
never realized. I have dealt elsewhere with the question of responsibility for 
this sort of fiasco. 1 Some say that critics of technological development, 
making precipitous negative judgments, are really the ones gUilty of the 
social outrages. I ask instead whether the responsibility might not lie with 
human nature itself: are humans capable of taking full advantage of their 
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achievements, including technological achievements, or even of avoiding the 
worst negative consequences of those achievements? 

It seems to me undeniable that humans are the product of their own 
technology.2 But that does not mean that certain aspects of what it means to 
be human are not products of natural selection. And it may well be these 
aspects that make us incapable of taking full advantage of our achievements. 
Some critics even go so far as to say that these natural characteristics, out of 
our control, are what make us, in the end, a threat to our own survival.3 

Today the most powerful politician, capable of launching nuclear missiles 
with the flick of a finger, is, from this technocritical perspective, not very 
different from the caveman with hypertrophic aggressions uncontrollable by 
natural devices - as certain doomsaying anthropologists have warned.4 

According to such critics, these are the traits that distinguish human nature. A 
wolf's aggressiveness is limited by natural factors - for instance, the bared 
neck of a vanquished adversary. Its aggressiveness is natural, triggered by 
mechanisms of natural selection and, in consequence, limited in the same 
way. Human aggressiveness, in contrast, is exercised with instruments, which 
is to say it is a matter of culture; and nature by definition has little or nothing 
to do with aggressiveness expressed by artifice, with tools, in a cultural 
fashion. Only cultural devices can counter or control cultural products. 

If these pessimistic anthropologists are correct, we have a serious problem. 
We humans are, paradoxically, aggressive by nature. Aggression even plays a 
role in human evolution. We have learned to exercise our aggressiveness in 
cultural, not natural, ways. Our evolution has made it possible for human 
aggression - both it evocation and its control - to escape nature. The balance 
between aggression and the mechanisms for its control that operate in nature 
has been upset in the case of humans. 

Human aggressiveness, using tools, has become hypertrophic. We kill by 
throwing stones, then spears; by shooting arrows, then bullets; by dropping 
bombs, then launching missiles - each step involving ever greater distances. 
This separates active from passive agency; it eliminates any possibility of 
natural limits. As aggressiveness becomes hypertrophic, it becomes less 
animal and more human - more "cultural," if you will. 

So at last we come to the point: genetic intervention. We are dangerous to 
our own well being. We are, at bottom, Homo australopithecus (or something 
similar), left at the mercy of our own aggressiveness, with a missile on our 
shoulder and nothing else to prevent the inevitable. We may have a sense of 
"responsible rationality" to rely upon, but recall that it has failed again and 
again throughout history to prevent large-scale war and similar disasters. We 
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can then take the final step in the argument. If we assume a biological basis 
for aggressiveness and its inevitable hypertrophy through cultural 
mechanisms, and, furthermore, if we assume that all previous attempts to 
eradicate aggression have been unsuccessful, is it not time to conclude that, 
for the sake of the survival of the human race, we need to intervene biologi
cally? Do we not need to eliminate the threat at its root? A dead dog can no 
longer bite, so to speak. 

Next comes a substitution: this possibility is transformed into necessity -
the necessity of carrying out the possibility. Our situation, some say, is so 
worrisome today, our aggressiveness so hypertrophied, and the situation so 
close to disaster, that it seems difficult to bank on conscience, on mere 
scruples, to prevail over what is so foreboding. It is clear that those who think 
along these lines are convinced that aggressiveness is biologically determined 
in the strict sense. Given this assumption, plus the tools needed to intervene 
in the biological mecilanisms of this determinism, they arrive at their 
conclusion: it is necessary to choose between two extremes, slaughter and 
salvation. Biology leads to catastrophe. Salvation can be attained by cultural 
means - by a culture that has enabled us to develop instruments to intervene 
in our own biology, to cure what is pathological there. What lies between 
slaughter and salvation is merely scruples - so they add. 

Furthermore, what has been said about aggressiveness can be extended -
by such technophile futurists - to other important aspects of human social 
behavior. It seems possible, if only we will use the appropriate instruments, 
to eradicate such undesirable features of human behavior - detrimental as 
they are to the stIrvival of the human race - as xenophobia, sexism, 
chauvinism generally, even egocentrism. The idea, then, is to modify human 
nature through the use of technical devices, acting directly on the biological 
basis of those hypertrophied aspects of human behavior that have become, by 
the very reason of their hypertrophy, a threat to human survival. 

Anti I emphasize once again that, for these people, the question boils down 
to a choice between that technology which can supply us with something as 
precious as the improvement of human nature and mere scruples. Here is 
Jonathan Glover on the matter: 

Could we be justified in trying to change human nature? And, if so, is genetic change 
an acceptable method? Most of us feel resistance to genetic engineering, and these 
two questions are often blurred together in our thinking. One aim of the discussion has 
been to separate the different sources of our resistance. Another has been to try to 
isolate the justifiable doubts. These have to do with risks of disasters, or with the 
drawbacks of imposed, centralized decisions. They need not justify total rejection of 
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positive engineering. The risks are good reasons for extreme caution. The other 
drawbacks are good reasons for decentralized decisions, and for resisting positive 
engineering in authoritarian societies. But these good reasons are quite separable from 
any opposition in principle to changing human nature. 

The idea of "human nature" is a vague one, whose boundaries are not easy to 
draw .... Perhaps changes in society will transform our nature. But there is the 
pessimistic thought that perhaps they will not Or, if they do, the resulting better 
people may lose to unreconstructed people in the evolutionary struggle. On either of 
these pessimistic views, to renounce positive genetic engineering would be to 
renounce any hope of fundamental improvement in what we are like.5 

I would say that this reaches the heart of the question. It may be asked what 
this has to do with limits on the genetic engineering of humans: to which my 
reply is that, in fact, it has a great deal to do with it. 

ON CONSTRUCTING A NEW HUMAN NATURE 

If one reads the quote from Glover carefully, it becomes clear that some 
complex juggling of logic is going on. Following the outlines of the argu
ment, above, about aggressiveness, Glover defends without explicitly saying 
so the claim that there is a set of behavioral characteristics in humans that 
constitute a true threat to human nature itself. He then sets up this disjunc
tion: either society (for example, by its educational system) modifies some of 
these characteristics (e.g., aggressiveness) or it does not. If not, then the path 
toward disaster has already been chosen. Finally, he adds that, even under the 
assumption that society does manage to modify some of these behaviors, we 
must face still another question. Why should these results not be improved 
upon using biological rather than mere educational techniques? 

The problem with all this logic juggling is that the whole argument is 
based on supposition. Assuming today that aggressiveness, xenophobia, etc., 
are biologically determined - or, to be even more precise, that they are 
genetically determined - must be recognized exactly for what it is: an 
assumption in the strict sense, a presumption. 

I would not want my terminology to be misunderstood. It is not a 
"biological foundation" I am referring to, but biological determination. The 
cross-cultural universality of certain characteristic human behaviors, together 
with the possibility of increasing or decreasing some of them by surgery or 
pharmaceutical means, proves their biological basis. But people who affrrm 
the appropriateness of using genetic engineering to improve human nature are 
not limiting themselves to this sort of statement. They are not talking about a 
biological base but about genetic determination, and they mean that certain 
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genes detenninistically cause these characteristics to exist. In these tenns, 
aggressiveness, xenophobia, even sexism are diseases of genetic origin, and 
they can be cured by appropriate manipulation of the genome, e.g., removing 
some portion of the DNA string that is responsible for the disease. 

Some of my readers might think I am exaggerating; they might say that I 
should speak of intervention in the genome only if I am referring to diseases 
in the customary sense - for example, of a possible genetic predisposition to 
cancer. I do not, of course, mean to exclude that more precise sense. But I 
would remind readers of what I said earlier about the steam engine - and the 
same thing is happening today with respect to personal computers and genetic 
engineering. It is one thing for technical experts to know the limits of their 
techniques; it is another thing entirely when futurists let their imaginations 
run wild and end up confusing reality with dazzling possibilities. Nor does it 
end there; these wild imaginings have an influence on politicians who dole 
out money for research projects. So it would not be a bad idea - indeed, it 
would be a good idea - to look out for these extended meanings. 

A FIRST STEP IN APPROACHING THE PROBLEM: UNTANGLING THE MESS 

Those of us who have taken on the job of evaluating technology find in 
general that the object of our concern is not always easy to pin down, even in 
a preliminary way. This is related to the problem I have mentioned, about 
mixing up promises with realities. This certainly happens in the case of 
genetic engineering. 

To begin with, tne tenns "genetic engineering" and "biotechnology" are 
often taken to be synonyms - something that causes endless confusion. 
Biotechnology usually means a set of techniques (some of them purely 
theoretical at this point) using living beings in production processes. Some 
examples of biotechnology practices include the use of ladybugs to combat 
plant lice, or the use of sterilized females in pest control, or the use of yeast 
in fennenting wheat or barley. It is sometimes but not always possible to use 
biological techniques to change physiological, anatomical, and behavioral 
aspects of living beings, ultimately modifying their phenotype. Both tradi
tional agricultural or livestock-raising practices and modem genetic improve
ments fall within this category. Genetic engineering, on the other hand, 
always involves intervention (and the tenn is uniquely appropriate in this 
case), delving inside, penetrating to the very material base of the phenotypi
cal features one wishes to modify - namely, the genes. 

The two great technological revolutions of our time have this common 
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feature of invading the nucleus. Nuclear engineering invades the nucleus of 
the atom, and genetic engineering invades the nucleus of the cell. The 
consequences of penetrating inside the nucleus are in no way similar to the 
consequences of hydropower production of electricity or the natural genera
tion of species. Saying they are the same would be to ignore, consciously or 
unconsciously, the real significance of these revolutions. 

A second area of confusion is mixing up genetic engineering with the 
macro-level handling of germ cells. What I have in mind is all those practices 
that involve the external manipulation of germ cells: freezing of sperm or 
ova, in-vitro fertilization, even extra-uterine fetal development. All of these 
raise serious ethical issues, but they are very different from genetic engineer
ing - where the techniques involve penetrating the nucleus of the cell, 
working directly with chromosomes, and inserting, removing, or altering 
genes. 

Having clearly defined what I mean by genetic engineering, I do not want 
to limit myself to a general assessment or evaluation. Intervening with 
bacteria in the production of feed for livestock is surely not the same, from a 
social standpoint, as genetic interventions involving human beings. What I 
am talking about is assessment not in environmental but in social terms. And 
within the human domain there are major differences among the genetic 
engineering of medical products, genetic screening, genetic diagnosis, and 
gene therapy. Finally, gene therapy that does not affect germ cells is not on 
the same level as therapy that does, since the latter allows the inheritance of 
the modified characteristics. 

All of these things are often lumped together in discussions of genetic 
engineering. It sometimes seems as though the use of a microorganism to 
clean oil wells, the growing of human insulin in E. coli bacteria, using a 
synthetic protein as a genetic probe, surgery on human subjects to remove 
oncogenes, and the cloning of humans all generated the same kinds of 
problems. What we need to note is that, although there are common features, 
the differences among all these problems, when it comes to assessment, are 
remarkable. The differences are even greater when the assessment is in terms 
of threats to society rather than to the environment. Social assessment, 
moreover, is justified not only because it allows us to plan carefully for the 
future but also because it allows us, in doing so, to make clear distinctions 
between designs based on real risks and designs based on technoutopian 
thinking - that constant companion of technological innovation. 
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SECOND STEP IN APPROACHING THE PROBLEM: 

A SOCIAL ASSESSMENT OF GENETIC ENGINEERING 

Technologies can be assessed in terms of impacts or risks. I have elsewhere 
dealt with the assessment of the impacts of genetic engineering,6 and though 
I could repeat some of that discussion here I want to note one thing. When 
one speaks of manipulating the human genome, little can be said about 
impacts; in the domain of human genetics, what we are dealing with is as 
often carpentry as true engineering. Moreover, it is important in this context 
to specify whether one means to use environmental standards (as proposed by 
Glover; see above) or social standards. 

I think everyone is aware that technology assessment has, in an incredibly 
short period, passed from non-existence to environmental impact assessments 
to social assessments. Moreover, it seems equally clear that environmental 
impact assessments based on economic criteria are, in recent times in 
developed countries, in a state of crisis. The crisis arose precisely at the same 
time as the period of new affluence. Under these circumstances, in some 
places, exactly the same value is attached to the environmental impacts of 
particular technologies as to the social changes their introduction could bring 
about in terms of what might be called "the way of life" of those societies. 
Here I mean the forms of life regulated by values, folkways, customs, 
economic and social relationships, etc. 

I want to cite a simple example. An industrially produced protein with a 
structure similar to that of human protein would have foreseeable effects not 
only on the environment but also on the emergence of life forms suitable to 
the level of danger of the product. A similar and even clearer example is that 
of the large-scale production of plutonium. 

The truth of the matter is that, whereas environmental assessments can 
generally be reduced to specific monetary figures, social assessments 
generw.ly involve factors which are difficult if not impossible to reduce to 
economic terms. We can not ask how much it is worth to reject certain values 
or moral principles. It may, it is true, be possible to make certain predictions 
about relative advantages and disadvantages of introducing or not introducing 
some particular technology. But making these comparisons in terms of "ways 
of life" would inevitably introduce subjective factors into the evaluation. And 
if anything is clear today, all things considered, it is that social factors must 
be taken into account in the assessment of proposed technological develop
ments. 
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SOME CONCLUSIONS 

1. The question of limiting the use of a particular technology - in this case, 
genetic engineering applied to human beings - must depend on both environ
mental and social assessments of its introduction. 

2. Social assessment, in such cases, must include the evaluation of both 
impacts and risks; and the paradigm for such complex evaluations should be 
the anticipation and avoidance of future problems, not just the solution of 
current problems that may have been unforeseen. It is difficult to make such 
predictions, but at least today we have sophisticated computer programs to 
help us out. 

3. Social assessments need to be both generic and specific. Generic 
assessments of particular technological developments - such as the one being 
done here reflect often confusing aspects and concepts of 
Weltanschauungen, visions of the way the world ought to be at a given 
moment in the history of humankind. 

4. At a more specific level, it is claimed that genetic engineering can 
modify human nature in substantial ways. But what "human nature" means 
here is very difficult to say. What is clear is that advocates for the improve
ment of human nature by means of genetic engineering make their proposals 
on the basis of certain assumptions. These assumptions are by no means 
naive, and they could involve sweeping changes in social forms. 

In effect, these advocates of human genetic engineering are making the 
assumption that the most salient features of human social behavior are 
genetic in,origin. Furthermore, they are assuming that the genetic base causes 
these traits (which might generally be labeled "innate") in the strict sense. 
They are assuming that the most salient features of human social behavior are 
phenotypically unavoidable; they will manifest themselves whether we want 
them to or not. Moreover, they are assuming that social attempts to deal with 
these forms of behavior, attempting to channel or inhibit them, have little or 
no effect. And finally in many cases they are assuming that these genetically
based behavior patterns will not lead to salvation but to slaughter. It is on the 
basis of these assumptions that they end up justifying first the possibility, 
then the necessity, of applying genetic engineering techniques tQ make 
human beings more human. (This last, of course, is a little play on words.) 

In this context, it becomes clear that our earlier generic evaluation makes 
good sense. Its validity is based on two considerations. First, it untangles us 
from a sticky web of often bold and speculative assumptions that support the 
recommendation for scientific and technological intervention. We can see 
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that what has been presented as an objective, neutral, more-or-less "true" 
recommendation that accords with scientific practice may well belong, 
instead, to the realm of fantasy. 

Second, the generic assessment is interesting because it also shows, in 
pointing out the speculative nature of the nest of assumptions that there really 
is no scientific basis for the particular social experiment - applying genetic 
engineering - that is being recommended. 

A simple example will help clarify this. The United States, early in this 
century, in its immigration policies, separated Slavic and Latin immigrants 
from North European immigrants, claiming that Eastern and Southern 
Europeans showed high rates of mental retardation. This was based on tests 
administered to immigrants on arrival, and it reveals a belief that severe 
mental retardation is biologically determined. This same belief, alleged to be 
scientific justification, also undergirded laws restricting immigration from 
Eastern and Southern Europe. Furthermore, the belief was used as a standard 
to inflict sterilization on those who scored low on the tests. All of this was 
based on assumptions, tied to a specific technique for measuring psychologi
cal deficiencies, that later came to be recognized as ludicrous. (At least they 
seem ludicrous to those of us who have studied them.) 

4. It is important - after clearly distinguishing, in proposed applications of 
genetic engineering to humans, what belongs to human intervention in 
general from the specifics of macroscopic treatment of germ cells, phar
maceutical production, genetic diagnosis, and gene therapy - to avoid 
vagueness, to go directly to specific environmental and social assessments of 
each of these technological applications. 

Keeping this approach in mind, I want to say again that limiting genetic 
engineering means something very different in each of these cases. Using 
genetic engineering to manufacture pharmaceuticals, for example, does 
involve environmental risks, including some that may affect human health. 
Nonetheless, assessing such risks is a matter very different from assessing 
techniques of gene therapy. 

Concretely, what I have in mind is this. Although there are common 
features in both sorts of assessment, this should not blind us to significant 
differences. One example of a common feature is that both techniques are 
claimed to be both clean and profitable. Genetic engineers also commonly 
defend their techniques as providing benefits to humankind. If, now, we look 
at the situation without blinders, it seems clear that, since the beginnings of 
genetic engineering, profits have been much more important than benefits to 
humankind. I do not deny the importance of profit, but it would be naive to 
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create an image of selfless crusaders struggling to cure the ills of humankind. 
One example is genetically-engineered pharmaceuticals, where the claims 

are the exact opposite of the reality. At one point it was claimed that, with 
special bacteria, it would be possible to produce human proteins which, if 
defective or missing, caused certain diseases; and they could be produced at 
ridiculously low cost and with no pollution. The genetically-engineered 
wonder drugs - insulin, somatostatin, interferon - were to be the hope of the 
future. Assessors have judged the results to be mediocre, even in economic 
terms; production alone is not enough and commercialization jacked up the 
prices. The idea in the abstract is one thing, but it is something entirely 
different to put a technology into practice in a given socioeconomic system. 

Another example is the genetic engineering of vaccines. Again it was 
claimed that a cheap means of producing them had been found, offering the 
hope of eradicating common diseases especially in underdeveloped countries. 
But again reality presented a problem: these countries had no money to buy 
the products - which has led to the abandonment of these proposals. 

In short, an assessment that would set limits on a particular technological 
development can not be based exclusively on the claims - on the special 
Weltanschauungen - of the practitioners of the technology in question. 
Neither can such an assessment be based on promises. It must take into 
account, above all else, the actual results; from these and certain other 
parameters, reliable predictions can be made. 

In the example above, it was clearly foreseeable that prices would be 
higher than predicted. Again, we have to recall that it was human proteins 
they were synthesizing, so it was inescapable that there would be conse
quences and risks for employees in the factories where they were produced. 
(Similar consequences face employees in factories where non-human proteins 
are developed.) Introducing measures to control these problems - along with 
numerous other problems associated with the sophisticated level of the 
establishments, the type of bacteria used, etc. - would eventually lead to the 
conclusion that what had seemed the profitable business of the late twentieth 
century was not profitable at all. 

I want to repeat here what I said before: I am not opposed to doing 
business for a profit. But assessments must be based on reality, not fancy. 

In making what I have been calling generic assessments, it is clear that we 
can tum up some notions that are mere fancy. But in making specific 
assessments - recall the example of the genetic pharmaceutical industry -
we are forced to keep fanciful notions from interfering with assessments 
either in environmental or in human terms. The promises associated with 
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Weltanschauungen must be assessed in generic tenos. but then it is time to 
get down to specifics and assess the actual and potential consequences of 
particular technologies. aaims that something is going to eradicate disease in 
the Third World. or that genetically-manufactured vaccines are going to 
prevent the negative consequences of using non-human proteins. or that these 
same vaccines will alleviate problems created by missing or defective 
proteins - all these claims can be assessed without referring to fancies that 
obstruct clear vision of problems. 

From where I stand. I think I see signs of this sort of realistic assessment. 
Pharmaceutical manufacturers now recognize that results have not matched 
high hopes - though they may still hope things will change in the future. 

Such realistic limits are what we should expect with an activity that 
involves synthesizing human products. Environmental risks are obvious -
though. in principle. there are measures available to control both the bacteria 
used in the process and the products of the system. Though these measures 
are costly. they are essential. Problems arise when genetic researchers turned 
businessmen do not recognize the risks - as happened at the end of the 1970s 
- because they are deluded by promises more in line with cosmic visions than 
with down-to-earth production. 

It is salutary here to recall how - when confronted with guidelines 
proposed by the National Institutes of Health but in fact written by the 
genetic researchers themselves - the genetic engineers moaned that these 
guidelines were an impediment to human progress. (James Watson is a good 
example.) But this kind of talk betrays what it is. mere speculation super
added to a technological venture that ought to be assessed on its own merits. 
That is what the matter is all about. 

ADDENDUM: THE HUMAN GENOME PROJECT 

I come at last to the most important issue. and here again distinctions are 
called for. When a practitioner of genetic engineering. or a futurist discussing 
the subject. writes something on the advantages of doing gene therapy on 
human beings. the article or book typically ends up lumping together very 
different conceptions of human nature, genetic production of pharmaceuti
cals. the likelihood of incarceration of genetic defectives. the creation of 
genetic ID cards. and of course - that was the main point - genetic therapies. 
It is by referring to these virtues that the author manages to suggest there are 
other virtues in extending the techniques to other domains. A typical author 
begins by citing the more than two thousand diseases of genetic origin that 
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have been discovered, then goes on to say that by replacing, repairing, or 
eliminating certain genes these diseases could be eradicated. Such an author 
then typically adds that the process could be even more effective and 
beneficial if the patient did not, if possible, have to ingest chemicals or 
products of biosynthetic origin. (Here there is one clear benefit, if the patient 
does not need to take medications - which is something positive!) 

Now just as the creation of new genetic ID cards needs to be assessed in 
both generic and specific terms, the same is the case with gene therapy. It is 
necessary to avoid (once again) that all-too-frequent ploy of the futurist 
defending genetic engineering - the ploy of starting to talk about gene 
therapy, then ending up talking about "constructing a new being." If this is 
going to be done, it, like gene therapy itself, needs to be discussed in its own 
context and on its own merits; it should not serve as a mask - and in this case 
a harmful mask! - for the gene therapy with which it is linked. 

To move tile discussion toward a conclusion, I want to add two more 
points. 

1. Although, as we shall see the term "gene therapy" covers a variety of 
techniques, all of them do share one common feature - a feature they share, 
in fact, with other forms of genetic engineering: namely, they all appear to be 
good business ventures. I would not (once again) claim that financial gain is 
necessarily bad, nor that there are no humanitarian ideals involved. But it is 
hard to deny that, in ventures such as the famous genome project, financial 
concerns are involved - to deny, in fact, that they may be crucial. Clearly 
leaming the sequences of genes in the human genome could be the basis for 
eradicating some quite serious diseases, but equally clearly it will produce 
large profits for the corporation that undertakes the venture - particularly if it 
leads to some sort of patent. This is undeniable, and it helps to explain the 
race that is on between the Japanese, American corporations, and European 
institutions. I realize, of course, that it can be uncomfortable to call things by 
their right names; it can even put a person in a compromised position. But a 
process of assessment that would analyze all impacts, make predictions about 
clearly foreseeable risks, and set limits on a technological venture must do 
exactly that 

2. The techniques for various forms of gene therapy are so different from 
one another that a methodologically sound process of assessment requires a 
different assessment for each one. To be specific, an assessment of a gene 
therapy that involves no negative consequences for the patient must be 
different from an assessment of some other therapy that, for instance, either 
interferes with germ cells or involves the cloning of humans (or even of some 
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limited human characteristics). The first sort of therapy is clearly similar to 
current practices in medicine, and is subject to the same sorts of norms that 
are operative there. Responsibilities would be adjudged in accord with extant 
codes of medical ethics. With the other sorts of therapy we must invoke such 
vague concepts as "human nature" since we may well be having an impact on 
organic structures that are the basis for certain characteristic human be
haviors. 

Though it may seem so, I am not here contradicting what I said earlier. I 
am not talking about particular genes as determining particular features of 
human behavior; what I am saying is that, although not determined by 
particular genes in the strict sense, some characteristics of human behavior do 
have a biological base, and interference or inserting synthetic genes might 
alter certain behavior patterns by altering the biological bases on which they 
rest. 

Here is an example: although there is no gene for human aggressiveness, 
organic structures such as the amygdala are related to behavioral manifesta
tions of aggressiveness. One way of getting rid of aggressive feelings in 
ourselves is to take a tranquilizer; another way is to have an area of the brain 
surgically removed; and still another might be to interfere with the genetic 
material that underlies the synthesizing of proteins that constitute the organic 
base of the behavior in question. 

This last possibility is the most difficult to assess. One reason is that it is 
so closely linked to the Weltanschauungen of those making grand prognos
tications about the future of genetic engineering - to return to what I said at 
the outset. Obviously, in such a case, limit-setting involves not only environ
mental and social standards but also philosophical principles and ethical 
ideals. This must necessarily be so because such prognosticators are talking 
about a future that does not belong to us but to our descendants. Setting aside 
questions of technical feasibility (at least under current technical conditions), 
what lam emphasizing, under the heading of risk avoidance, is that we must 
ask ourselves whether we are justified in making synthetic selves. However 
one answers this difficult question, one thing seems clear now. The matter 
cannot be left exclusively in the hands of the practitioners of genetic 
engineering, nor in the hands of their futurist friends. We need, to repeat, 
social assessments of cosmic visions and concrete, specific assessments of 
each technique individually and realistically. 

Polytechnic University of Valencia 
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* This paper was prepared with the help of a grant (pS87-0128) from the Spanish 
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for help on the English translation; members of the Science, Technology, and Society 
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1 See my article, "Tecnologfa democratica frente a democracfas tecnologicas," Arbor, 
forthcoming. 
2 See my article, "Reflexiones en tomo a la cuestionable primacfa de 10 teorico, 0 

semblanza del cachivache," Arbor, no. 507 (March 1988):29-45. 
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books. 
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misiles," in J. Sanmartin et ai., Genetica y conducta (Valencia: Tirant 10 Blanch, 
1986). 
5 Jonathan Glover, What Sort of People Should There Be? (Harmondsworth, England: 
Penguin, 1984), pp. 55-56. 
6 See my book, Los Nuevos Redentores (Barcelona: Anthropos, 1987). 
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THE ALARMIST VIEW OF TECHNOLOGY 

Individuals and institutions can adopt either a collective technophobia and 
attempt to ignore or to minimize their use of technology, or they can adopt a 
technophilia and enthusiastically maximize their dependence on and support 
of technology without any concern for important risk factors. l Between these 
two extreme responses to technology there is a third possibility that attempts 
to achieve some equilibrium, accounting for the problems associated with 
technology without thereby condemning technology as a whole. The third 
option expects to optimize the advantages technology has to offer, while 
keeping under control most of the potential drawbacks associated with 
technology.2 

In what follows I provide a partial illustration of what I call the alarmist 
view of technology. This view seems counterproductive: while assuming that 
alarm is necessary for counterbalancing the enthusiasm associated with 
technophilia, it has scared away many people from consideration of the 
problems associated with a response to the pressing issues that arise from the 
deployment of moclern technology. Put differently, the goal of the alarmist 
view is to alarm people, press upon them that complacency will not do, and 
that one should never minimize or ignore the hazards accompanying what is 
termed modem high technology. However, such a goal may not be achieved 
through the means the alarmists use, since their techniques (and not their 
general goal) are counterproductive. The techniques of alarm, in whatever 
manifestations, are more likely to frighten people and not invite them to join 
in the debate about the deployment of modem high technology. And 
individuals who are suspicious, if not outright frightened by technology, 
might back away entirely from the debate and will not lend their support to 
those committed to maintain some balance between fear and hope vis-a-vis 
technology. 

It is presumed that a balanced opinion is far more appropriate than an 
extreme one. This holds true, so it seems, whenever there is a controversy or 
a debate in which there are at least two sides, each of which is able to master 
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some good arguments in its support or defense. This, of course, is not the 
case when one observes an obviously one-sided issue, such as the extermina
tion of Jews in gas chambers (medium and not high technology) during 
World War ll. In face of such an extreme situation, one cannot expect that the 
annihilation of the Jews can be defended with the same weight of the 
arguments that can be constructed against such a travesty. 

This essay is not concerned with technology itself, its various manifesta
tions, its numerous practical impacts, or its assessment. Instead, it is con
cerned with the debates about technology and its various modes of assess
ment. And more specifically, it is focused on the techniques employed in the 
debates. Finally, the emphasis is on discarding one particular technique, that 
of alarm, that overshadows all other techniques in its power of expression and 
in its appearance of urgency. That is to say, when such a forceful technique is 
used, it has the power to eliminate the possibility that other techniques - and 
through them other perspectives - will join in the debates about technology 
(low, medium, or high). 

II 

Sounding the alarm is neither beneficial nor harmful in itself.3 We easily 
distinguish between sounding the alarm in order to save the lives of people 
who may not know that their house is on fire and sounding the alarm for fun 
in a crowded theater. This distinction is upheld by courts of law, at least in 
the sense that one's freedom of speech can be limited only in the latter case. 
But there are some difficulties in distinguishing the less obvious cases; 
difficulties which result in legal complications as well as in complications 
that surpass the legal domain. For example, is it enough for one to sound the 
alarm only, or must one enter the burning house or dive into the frozen lake 
to save lives? Questions like these are of no particular interest in the present 
context, for it is unimportant what is the legal status of the use of alarm. 
There is no legal injunction against the use of alarm in debates. However, just 
as in the case of a crowded theater in which an alarm is sounded and some 
people are hurt for no reason (since it is a false alarm), alarmist techniques 
have practical consequences that can be deemed harmful. 

What is so interesting about discussing the sounding of alarms? At the 
very least, two things. First, alarmists may in effect prevent potential 
participants in the debate over technology from joining and contributing to 
finding new means for handling the difficulties associated with the applica
tion of technology. Second, consider the classic story of the shepherd boy 
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who cried wolf too many times and was finally ignored.4 The goal of 
alarmists is not to shut off the debate, but presumably to highlight certain 
problems that technology brings about. However, alarmists may be ignored if 
they continue to call out falsely, that is, to predict dire consequences that 
have not yet materialized (of course, in part due to their appropriate war
nings). 

The focus on the technique of alarm (and not on the goals that can be 
achieved when sounding the alarm) is twofold. On the one hand, it is a focus 
on the techniques used by those sounding the alarm, the alarmists, the 
extremists in the debate about technology. On the other hand, it is also a 
focus on learning how to listen to and interpret alarms. This dual focus may 
be more effective than either trying to curtail the impact of the alarmists or 
attempting to educate those privy to the debates about technology. For 
example, by learning the techniques of listening, and thereby learning about 
the techniques of expression, we may learn to distinguish between what could 
be interpreted as frivolous cries and those worthy of attention. Once such a 
distinction is made, we can prepare ourselves to calm what may be con
sidered a paranoid crying person or save the life of what may be perceived as 
a threatened person. 

In some respect, then, it may be argued that it is more fruitful to con
centrate public attention on the debates about technology and not the 
proliferation of this or that specific technology. It seems that contemporary 
life, as Albert Borgmann agrees, is technological, and inescapably so.5 This 
may mean that for all practical purposes there is no longer the question if we 
should or should not have technology, but rather how much of it is acceptable 
or necessary - what kind of technology is more appropriate and to what 
specific uses should this or that technology be geared. And this practical 
condition necessitates a shift to another level of public concentration and 
orientation, a meta-level of technology, the level of the debate about technol
ogy. 

From what was said so far, it should be clear that the meta-level is indeed 
a technology of technology, a meta-technology. That is, at the meta-level 
there are various techniques that can be used, techniques of debate. So, if one 
wishes to have an impact on contemporary life, one may do so more effec
tively through the invention or revision of one or more techniques of debate 
than by climbing over nuclear reactor fences or burning nuclear armaments. 
Even though participants in the debate presume that they have something to 
say to the general public and thereby affect public policy, their audience is 
usually much more limited; it includes other scholars who share their jargon 
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and entrenched terminology to the exclusion of the general public. In this 
respect, then, the concern with the techniques of alarm is a concern about the 
discouragement of the general public from participating in whatever form in 
the debate about technology, so that the public will shape the future of its 
technological life as opposed to having it shaped by a small intellectual 
minority. 

III 

The folktale of the shepherd boy's alarm reappears in a different technologi
cal guise, with modern technology in the modern world, than the one 
commonly understood some fifty or one hundred years ago. The wolf is 
modern technology, a beast that threatens to devour everyone. How exactly 
one approaches this beast, whether it is a loner or an animal living in a herd, 
whether it can be tamed or not, remains an open question. Jacques Ellul, for 
one, spends some four hundred pages in The Technological Society attempt
ing to develop a preliminary answer to this question. He distinguishes 
between technology and machines, between technology or technique and the 
industrial apparatus, and between the planned use of means to achieve 
predetermined ends and the autonomy of technology, where means become 
ends. Ellul's lengthy discussion refocuses one's naive view of the concept 
and proliferation of technology and helps shape a more sophisticated 
understanding of the actual instruments associated with technological 
innovations and the human capacities and characteristics - from reason to 
consciousness - as they pertain to the technological phenomenon.6 Since his 
answers and definitions are commonplace, they are echoed around the world. 
They serve to some extent to perpetuate myths about the wolf.7 

Myths can serve as illuminating, educational tools; but they can also be 
used to establish taboos or to induce society to avoid certain issues. Of 
course, it is possible that the myths of technology have had effects contrary to 
those hoped for by their modern inventors. Some may argue that instead of 
educating and forcing contemporary society to think beyond a level of 
technophilia, a level of fascination devoid of any critical reflection, the myth 
of and about technology has evolved to a level of technophobia, a level 
characterized by fear and paralysis. It seems that by now either of these two 
extreme positions turns out to be ineffective in light of the realization that 
there is no one single way of defining technology or separating particular 
technological developments from the social and political context in which 
they evolve. 
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Besides, as mentioned above, the focus must be on the process by and 
through which society achieves some agreement concerning its policies 
towards science and technology. That process, though seemingly technical in 
nature - where technical data and jargon are routinely used to explain and 
defend certain positions - can be interpreted as being politically motivated 
and socially affected. Since what is called the alarmist view in this context is 
closely aligned with one of the extremes, the extreme that warns society 
against the evils of technology or that technology is evil, it becomes a form of 
oversimplification of a complex situation that orients the debate in one 
direction alone. Such orientation may do more harm than good to a society 
that is attempting to learn how to cope with technology. Even though the 
alarmist position may be viewed as a way of coping, coping here is not 
limited to the ability to interact with specific technologies, such as nuclear 
power or cars or computers; instead, it incorporates also the ability to 
participate in a somew!1at intelligent way in the discourses, the debates, the 
setting of public policies, and the establishment of particular local guidelines. 

Of course one can argue that the counterproductive or contrary effects 
mentioned here are exactly what alarmists are interested in achieving. That is 
to say, alarmists hope to achieve a moment of critical reflection or what some 
may call paralysis so that their messages will be heard around the world in 
order that what are considered the most dangerous or inappropriate tech
nologies will be arrested. In this sense, then, the alarmists may be perceived 
as contributing to rather than undermining public participation in the debates 
about technology. However, their contribution can be simultaneously 
perceived as suspect, since it may be undertaken without the consent of the 
public. In this light, one can still sympathize with the long-term goals of the 
alarmists and at the same time point out a strategic blunder. 

Strategically, one can argue, the alarmists are not concerned enough about 
the techniques they use and to what extent they are crucial in setting the stage 
as well as performing the activities associated with the debates about 
technology. And this point, as mentioned above, warrants criticism. 

Instead of diverting or stopping the engines of technological progress even 
for a moment, all alarmists can hope for is influencing or stopping only the 
debates about technology and technology itself. But this point does not imply 
that alarmists are ineffective or unimportant. If that were the case, there 
would be no reason to criticize their techniques. Since, because their message 
can be perceived as clear-cut, they may speak more clearly to less informed 
people than to those in control of public policies, their overall impact and 
appeal may be greater than expected. Instead of being marginalized by their 
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radicalism, they may become the heralded spokespeople of the general 
public. 

The debates about technology, technology's current state or states and 
future prospects, are important in shaping social attitudes towards technology 
in terms of public funding and general acceptance. Alarmists, then, are in a 
position to have an impact on how public policy concerning science and 
technology is shaped. To some extent, they are using the democratic structure 
to their own exclusive advantage, rather than using the democratic structure 
democratically, leaving the debate open to any other extreme or moderate 
viewpoint. In this respect, then, alarmists, as extremists, use means and 
techniques that eliminate the possibility of an increased number of par
ticipants in debates where the sheer size of participation is most important 
because the size of participation represents a democratic commitment. 

When debates tum into shouting matches - because the participants have 
fixed ideas ccncerning technology and its effects - when they are exclusive 
in the sense of not allowing differences to reshape the debate or when they 
use techniques that exclude additional information or opinion from surfacing, 
it is difficult to find out what issues they attempt to address or if the same 
issues might be addressed differently. Do they deal with specific technologies 
or techniques, particular instruments and machines, or with the cultural 
context that gives rise to certain ways by which technologies are developed 
and deployed? One may object that the concern of the critics of alarmism is 
based on a confused definition of technology,8 a confusion already flagged 
by Ellul. Most alarmists' warnings have focused on particular technologies or 
techniques - artifacts or types of artifacts, such as nuclear power plants, 
chemical and biological weapons, and genetic engineering techniques. Is the 
critique of the alarmist position limited to the treatment of these sorts of 
artifacts, or is it extended to the broader sense in which technology is 
understood - as forms of consciousness rooted in particular social relations 
and/or social institutional dynamics? 

The image of the wolf can easily accommodate both the narrow and the 
broad definitions of the concept of technology: it is an ensemble (to use 
Ellul's term) of animated techniques and artifacts. But it is more than an 
ensemble as well; it is a creature whose thought processes, however defined, 
are not bound by any preconceived human framework, because it is an 
animal. An "animal," as the Oxford English Dictionary tells us, is an 
"organized" being that is "endowed with life." When used "contemptuously 
or humorously," animal refers to a human being who is considered "no better 
than a brute, or whose animal nature has the ascendancy over his reason." 
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Such a brute, to be sure, is also characterized by Ellul as an independent 
creature whose independence renders its behavior unpredictable. 

To some extent, that which is animal-like is both an organized being full 
of sensations and at the same time not organized enough to follow a certain 
rationale, the reason and reasonableness of human beings. Is this a liability or 
an asset? Should the wolf be celebrated or persecuted? This last question is 
especially troubling since one needs to assume a certain classification and 
categorization of what technology is before one can answer such a question. 
In other words, in order to justify sounding an alarm about the wolf, one 
needs to be more specific about what exactly is troublesome enough to 
warrant such alarm. This proposition is not an alarm about the alarmists, 
since there are many occasions where sounding the alarm can be widely 
interpreted as an appropriate mode of reaction. 

For purposes of the present discussion one need not assume either that 
there is a set criterion by which appropriate technologies can be distinguished 
from inappropriate ones or that one set of suggested criteria is superior to 
another. Any decision about the appropriateness of technologies remains 
context bound in the sense already developed by pragmatists. That is to say, 
one should not predetermine the positive or negative aspects of a particular 
technology until the consequences of its deployment are made clear; and of 
course such clarification comes about only after the fact, allowing only 
retrospective rationalization processes that help accuse or vindicate a specific 
position one has already adoptedY Regardless of the differences in the 
perceptions, in the assessments of the risks and benefits of specific tech
nologies, that alarmists uphold, the present critique considers them all to be 
gUilty of using dangerous tools. 

IV 

It is possible to begin the partial chronology of the alarmist position with the 
Industrial Revolution, recalling the outraged reaction of the Luddites who 
vented their anger through the destruction of machinery that was produced 
during those revolutionary years. The present account begins with the works 
of Max Weber and Thorstein Veblen. They represent some of the concerns 
voiced in the beginning of the twentieth century both in Europe and in the 
United States. It should be noted here that I consider Weber and Veblen, 
Martin Heidegger, Herbert Marcuse, and Ellul, and finally Hans Jonas all to 
be representatives of the alarmist view of technology. The list of alarmists is 
not exhausted with these six; their voices are the most pronounced and well 
known. 
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Both Weber and Veblen recognize, in their own ways, how technologi
cally oriented modem society has become. In Weberian terms, that means 
primarily an understanding of the bureaucratic structure that dominates our 
lives; a technical structure so rational that it lacks human passion and 
aspiration; a structure so powerful in its techniques that it may devour our 
very souls. IO In a similar fashion, Veblen warns us against the technicians 
who are quite capable of revolutionizing our country in the Soviet sense. 
When he was writing in 1919, the Bolshevik Revolution was still vivid 
enough to inspire him to sound the alarm as loudly as he could. I I 

It is true that Weber's description and warning differ from Veblen's. 
Weber argues that we are all doomed to become bureaucrats, wolves, or 
thieves. By contrast, Veblen argues that we ought to watch out for the wolves 
or thieves among us - the technicians. It is difficult to determine whether 
Veblen takes technicians to be a threat or of great emancipatory power. Even 
when he condones them for their ability to transform the American 
landscape, it is unclear what mode that transformation will adopt.12 Tech
nicians, according to Veblen, are necessary to fight the two evils of modem 
American capitalism of inefficiency and absentee ownership. But will the 
world they help bring forth be a better one? Will their techniques indeed save 
the world Veblen wishes to save, or will their techniques be superseded by 
other capitalist techniques worse than those used before? 

Regardless of their differences, the threat of technology and technicians is 
nevertheless imminent for both Weber and Veblen. As social critics they feel 
it is their responsibility to sound an alarm, warning their fellow citizens 
against the potential hazards of technological innovations and the overly 
rational or bureaucratic mindset that accompanies these developments. In this 
case, then, the concern is not with specific things, such as locomotives or 
bridges, but with a way of thinking, a technological orientation and attitude. 

Some might say that the twentieth century presents an exaggerated 
extension of the nineteenth-century romantic view of technology. In this 
respect, the view of technology has become more confused, even incoherent, 
from the First World War through the end of the Second World War. 
Technology is an evil, a destructive force that kills millions; yet it is also a 
necessary evil, something modem society cannot do without in order to 
protect itself from invaders, defend itself, and attempt to ensure its very 
survival. Technology in the sense of specific techniques, such as medieval 
instruments or efficient modes of food production, is no longer the only 
technology that the public is confronted with. By the beginning of the 
twentieth century, technology is understood as pervasive and intrusive - it 



THE ALARMIST VIEW OF TECHNOLOGY 175 

has become unavoidable. If technology cannot be shut off, can it be con
trolled? This question was difficult to answer especially in light of the use of 
war-related technologies, where bystanders inadvertently suffered from the 
consequences of events - wars or the change of modes of production - from 
which they did not directly benefit and to which they had never given 
consent. J3 

It seems that from that time on, the alarm sounded by the works of 
Heidegger, Marcuse, and Ellul is of two kinds, global and local - but not in a 
geographical sense. Global in the sense of studies in the ideology of the 
industrial society, which is, incidentally, the subtitle of Marcuse's One
Dimensional Man. Global in the sense that technology must be recognized, 
with Weber and Veblen, as the foundation on which modem society makes 
its one-sided progress, a progress towards that rationalization of every aspect 
of life, a revelation of whatever truth it is seeking· to uncover, and, thus, a 
reduction of the complexity and beauty of life to a set of scientific methods 
and technical rules. One may call this a global alarm because this view 
advocates a revolution in thought as well as a radical change in the social and 
political and economic situation which we have created. 

These works are critical in nature; they criticize a way of thinking or 
doing, so that a better approach to and interaction with technology can come 
about. So the critique of their critiques is not a critique that disagrees with 
their views nor does it disagree with their perceptions of the situations they 
describe. Instead, it is a critique of the methods they use, the means and 
techniques with which they confront their audiences, and by which they 
frame the debate about technology. 

While Marcuse focuses on what Heidegger terms the "potentially lethal 
machines and apparatus of technology" as employed in the hands of 
capitalists for the purpose of increasing exploitation and alienation, Heideg
ger is concerned with the danger associated with technology that bars the 
possibility of revealing "a more primal truth."14 Heidegger announces the 
threat of technology in the sense of the loss of human control. Some may 
view the pronunciations of this global view as either phenomenologist or 
Marxist in nature, but these labels add little to the understanding of the issues 
these authors are concerned with because these labels carry with them too 
broad a philosophical spectrum and too narrow a political objective. It may 
be best to replace the phenomenologist/Marxist label with the global one 
proposed here. 

The alarm sounded by Ellul in The Technological Society is both global in 
the sense of being concerned with human consciousness and local in the 
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sense that it is focused on technology itself. IS Part of the critique is localized 
by placing technology at the root of all the troubles facing contemporary 
society. There is a parallel between the works of Marcuse and Ellul; both 
focus on the same culprit and then tum to what they consider the devastating 
future that lies ahead. But while Marcuse goes beyond the technology faced 
by modem society to express the sad state of human intellectual activity in a 
Heideggerian sense, Ellul is more concerned with an internal critique of 
technology itself. For Ellul, the very term "technology" is puzzling enough, 
or too ambiguous, to be left untouched. Heidegger recognized an ambiguity, 
too, but for him this ambiguity prompts a discussion on the nature of 
revealing truth. And Marcuse is concerned with defining technology in 
ideological terms. 

Whether the ultimate concern is with truth or ideology, whether the 
concern is to reform society or change its social structure and ways of 
thinking, in all cases no bystander could ignore the alarm any longer, for 
ignoring it becomes a deliberate act. In this respect, the focus should not be 
on participants alone, whether they are alarmists or not, extremists or not, but 
on bystanders, those who are potentially participants but who have been 
discouraged so far from participating. The question is therefore a question of 
how does one move bystanders to take a stand, to become involved. So, are 
bystanders deliberately avoiding the debates about technology or are they 
discouraged from joining them? From the perspective of the critique of the 
alarmist view, and especially its twentieth-century manifestations, one may 
argue that bystanders are not encouraged to join the debate. 

But is there no difference between Heidegger, Ellul, and Marcuse in the 
respective ways they sound an alarm? A few lines from each work may 
illustrate the difference that may still distinguish them. It seems that while 
Ellul's work is alarmist in the sense of leading to paralysis, Marcuse's and 
Heidegger's are critical in Veblen's sense; that is to say, though alarmist in 
nature, they initiate a response. Marcuse has more precise political, social, 
and economic objectives, but Heidegger too encourages continued action, 
even if it can be seen as too intellectual. In this sense, then, a global alarm 
may become eventually more effective than a local one. This is counterintui
tive, for we are used to believing that responding to a local alarm leads to 
noticeable results, while global alarms are too remote and overwhelming to 
lead to any action at all. For example, we think a community is more likely to 
respond to an alarm about the contamination of its water resources than to an 
alarm about the Brazilian rain forests some three thousand miles away. 

Marcuse begins One-Dimensional Man by discussing "The Paralysis of 
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Criticism," and encourages society to develop some viable opposition to the 
trend in which it finds itself. I6 His concluding remarks also emphasize the 
alternatives to the one-dimensional society, alternatives that he considers 
starting points from which to transform the devastating results to which 
modem industrialization may lead. Marcuse's critical description contains a 
message of hope, at least in the sense of a critique which may change our 
thought, actions, and lives. His view, in a manner analogous to Heidegger's, 
suggests a critical response and is not fatalistic. His view seems different 
enough from Ellul's not to warrant the criticism which Ellul's view may 
deserve. 

Though Ellul admits to not knowing what course the "disease" of 
technology may follow - that is, what will be the results of technological 
innovations - he still feels like the "physician" who must expect the worst -
death from his prognosis. Ellul calls this a diagnosisP And there is every 
reason to believe that the course of the disease will tum out to kill the patient, 
because Ellul believes that the disease, technology, has become autono
mous. I8 There is a sense in which, to continue Ellul's medical metaphor, the 
disease in question behaves like a cancer which multiplies its cells until it 
kills the body that nourishes its growth. The physician may hope for miracles, 
but it is most likely that the patient will die. Just like the helpless patient 
facing cancer, Ellul describes the cancer of technique in the following terms: 
"Technique is essentially independent of the human being, who finds himself 
naked and disarmed before it."19 This view of technology is alarmist at least 
insofar as it allows ,modem society to view itself as impotent to do anything 
about the negative aspects of technology. It is defeatist, even if it pretends to 
provide description of something other than the conditions of human 
paralysis. 

Ellul's view, however, only paves the way for the most prominent alarmist 
view of technology - as a barrier to further debate, as a means of stunning 
people from entering the debate - that presented by Hans Jonas in The 
Imperative of Responsibility. 

After listening to Jonas, for example, society is more likely to suppress 
anything that has to do with technology from our consciousness, rather than 
attempt to understand and appreciate the complexity associated with debates 
about the technological society. Leave us alone, society may beg, we cannot 
even comprehend what is at stake, let alone imagine what our role ought to 
be. Better to get away from the whole story, close the book, and pretend it 
never happened. Besides, what voice do we have? What power do we have to 
reject or endorse the views of alarmists? 
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The main contribution of Jonas to the degeneration of the alarmist view is 
that he is most explicit in his use of alarmist techniques. His exaggeration is 
so blunt that it needs some reflection. That some fear of technology, like a 
fear of anything capable of killing, needs to be incorporated into the social 
decision-making mechanism is quite reasonable;20 but that fear alone should 
be the guide is both unreasonable and paralyzing. For example, Jonas 
requires us as members of modem society to be "obliged to lay ourselves 
open to the appropriate fear, ,,21 a fear he does not wish to be thought of in 
remote and future terms, but in quite realistic and immediate ones. 

It is also quite reasonable for Jonas to point out that the sort of technology 
society is facing today is radically different from the one faced by his 
predecessors, like Weber, Veblen, Heidegger, Marcuse, and Ellul. Contem
porary technology is changing the environment in which we live, thereby 
replacing the foundations we took for granted with a new set of conditions 
unknown until fairly recently.22 Yet, when Jonas belittles the concept of 
hope, which he associates with utopian thinking,23 Marxist or other,24 he is 
definitely moving into one extreme of a spectrum of views and positions. 
Even though he concedes that he may be charged with "one-sided emphasis," 
even perceived as holding an extreme anti-technology view, he defends his 
pursuit in light of the fact that he is writing "in a time of one-sided pressures 
and mounting risks," so that his own words may be on the "side of modera
tion and circumspection."25 Regardless whether his view may be needed 
temporarily, as he believes, or for eternity, the presentation, its techniques, 
may block potential alternatives and the further expansion of the debate about 
technology. 

v 

The public might be frightened by the techniques that Jonas and other 
alarmists are using in the debate about technology and thereby avoid any sort 
of participation. A critical eye, maybe even a concerned eye, must be cast by 
the public towards technology. An eye, though, which can be reflective as 
well as involved enough to appreciate how important a role technology is 
already playing in our life, and how we ought to interact with it through 
public policy and public debates. And here institutions may be of help, 
especially if they are viewed as democratic and non-static. For example, the 
public may wish to curtail the ability of government agencies to collect and 
cross-reference data bases concerning individual citizens so that the privacy 
of individuals, as a right, will not be compromised. Further, the public may 
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wish to change the legal code concerning private property in regard to 
computerized data, at least in the sense of who ought to have access to that 
data. 

In this sense, then, technology itself is a dynamic institution; it can be 
democratically run and the public educated on the question of how much 
alarm is conducive for action and how much is paralyzing. Instead of reacting 
to the latest cry of alarm, the public should view alarms as part of a larger 
debate, as a necessary means to wake it up from its dogmatic slumber, as 
Kant said of Hume, but not too much to make it want to ignore or close the 
debate altogether. 
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AN INTERPRETATION OF 

JACQUES ELLUL'S DIALECTICAL METHOD 

For the past fifty years Jacques Ellul has carried out a sustained investigation 
and critique of the nature, development, and social implications of modem 
technique. 1 Much of the difficulty that has been associated with interpreting 
Ellul's thought2 can be traced to a general lack of understanding of his 
method. It is my view that a deeper understanding of Ellul's method would 
show that his thought warrants serious reexamination. The purpose of this 
paper, then, is to attempt to describe Ellul's dialectical method. 

This is an especially difficult task inasmuch as Ellul himself has said so 
little about his own method. In an interview with Madaleine Garrigou
Lagrange, Ellul has noted his reluctance to spell out his method for his 
readers in explicit terms: "I've never given an explanatory guide to my 
writing. I waited for readers to take the initiative and find their own explana
tions."3 This attitude on the part of Ellul is, in my view, part and parcel of his 
general dialectical mode of thinking. Within the context of a dialectical 
investigation it is necessary for the reader to enter into a dynamic relationship 
with Ellul's texts. Their own interpretation of Ellul's thought is constructive 
of the body of knowledge which is to result from this dialectical process. In 
this regard, Ellul has noted that his readers will often recognize meanings 
within a text or a relational pattern between diverse works which he himself 
had never seen: 

In all work such as I have attempted, as in all poetic work, there is an element of 
inspiration which transcends the author, of which he is unaware, which is not the 
expression of clear ideas, and which a skilled and attentive reader can bring out, so 
that in listening to this reader, the author can say: "Yes, this is what I wanted to say 
and I did not know it." ... I have experienced this many times. No matter how willed 
and planned and structured my research may be, something always escapes it. There is 
something extra added to my something that always escapes it.4 

In essence, the dialectic that Ellul has attempted to develop represents a 
totality which is really larger than its creator. It is therefore impossible for 
Ellul himself to be aware of all of its implications. An example of this that 
Ellul mentions is the occasion in which a reader pointed out to Ellul that his 

181 

Paul T. Durbin (ed.), Broad and Narrow lillerpretations of Philosophy of Technology, 181-192. 
© 1990 Kluwer Academic Publishers. 



182 D.l. WENNEMANN 

work, Hope in Time of Abandonment (1973 [1972]), answered perfectly the 
problematic in The Technological Society (1964 [1954]). This was not a 
planned relationship between the works, but Ellul recognized it immediately 
upon its being brought to his attention.5 Likewise, Ellul will adjust his own 
thought in response to his readers, both admirers and critics alike.6 The 
intellectual journey, then, of a dialectician like Ellul takes on the character of 
a living dialogue which may grow and deepen but which can never come to a 
definitive conclusion. And its outcome is completely unpredictable. 

Another aspect of Ellul's reluctance to define his own method is the 
provisional character of all knowledge within a dialectical investigation. As 
John Wilkinson has noted, "In Ellul's case, however, disinclination to discuss 
methodology specifically is almost certainly due in large part to his pervasive 
distrust of anything at all resembling a fixed doctrine."7 This is confirmed by 
John Boli-Bennett in his study of Ellul's dialectic.8 Dialectical methodology 
cannot be defil1ed once and for all precisely because dialectic itself is a mode 
of thought that is constantly developing or evolving. The evolution of such a 
mode of thought is therefore directly opposed to systematization. Its results 
cannot in principle be calculated in advance. As Ellul has noted, his dialectic 
contains an element of inspiration which gives it the character of a living, 
dynamic process and not a dead mechanical procedure. 

I have said that Ellul's dialectic represents a totality which is larger than 
its creator. This is the goal of dialectical thought in general. "The dialectician 
is the one who sees the totality."9 But the peculiar thing about Ellul's 
dialectic is that it is made up of two distinct totalities. And this is really the 
result of Ellul's own personal intellectual development. In interviews Ellul 
had described his desire from a very early age to develop a total explanation 
or theory. He notes that his friend Bernard Charbonneau had done so while in 
his early twenties. lO 

The peculiar difficulty Ellul had in developing such a theory was that his 
thought was influenced by two distinct sources which seem to be antithetical 
to one another. They are on the one hand the works of Karl Marx, and the 
Christian revelation on the other. "From the beginning my thinking revolved 
chiefly around the contradiction between the evolution of the modem world 
and the Biblical content of the revelation."11 Ellul's use of the word 
"contradiction" is essential here. It is because Marx and the Christian 
revelation both represent totalities that it became necessary for Ellul to 
develop a dialectical mode of thought. In Ellul's view, neither totality can be 
resolved into the other. If this were to be attempted it would only end in 
making an ideology of Christianity; it would mask the reality of the world 
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and at the same time distort the results of a critical sociological analysis. I2 It 
was necessary, therefore, for Ellul to maintain both totalities and to confront 
the one with the other. It was in this way alone, Ellul says, that he could 
maintain the twofold source of his intellectual inspiration.13 

I realized that Christianity was a totality implying an ethic in all areas, and that Marx 
too claimed to be a totality. I was sometimes tom between the two extremes, and 
sometimes reconciled; but I absolutely refused to abandon either one. I lived my entire 
intellectual life in this manner. It was thus that I was progressively led to develop a 
mode of dialectical thinking which I constantly made my foundation. I4 

Perhaps the most significant implication of this twofold source of Ellul's 
thought is that the resulting dialectic cannot be resolved by abstract synthesis. 
Ellul saw that it is impossible to reconcile the two totalities he has dis
covered. And yet it was necessary to affirm the reality of both. In this 
situation it was necessary that Ellul's dialectic take on an existential charac
ter. The tension which exists between Marx and Christianity had to be lived 
through. It is not in thought alone that the contradiction is resolved but 
primarily in action. The alternative that Ellul was faced with was to live 
through the tension present in the confrontation of these two totalities or go 
mad. 

Under these conditions, my thinking could only develop dialectically: either I would 
stay rooted at the point where I was, tom in two, and would become literally 
schizophrenic, or I would go past the contradiction by walking, as Mao said, on both 
legs, being able to respond to an existential situation, to a historical or political one. 
When I did this, I again encountered the contradiction and I again had to go forward. 
This expression of Mao's - walking on two legs - referred to something entirely 
different, but I can't count how many times I have applied it to myself. IS 

The existential chara<:;ter of Ellul's dialectic has profound implications for his 
readers. The reader must realize that the problematic concerning technique 
whicl1 Ellul has developed has no simple intellectual resolution. In fact, Ellul 
constructs scenarios which are so rife with contradiction that there is no 
foreseeable escape. This requires of the reader a decision or choice in the face 
of an implacable reality. In a sense, for Ellul an intellectual synthesis has the 
function of an ideological resolution. It gives us a false sense of security. It 
gives us a way of justifying ourselves and of being satisfied in a life-situation 
that is really always ambiguous and filled with danger. With his dialectic 
Ellul wishes to keep alive a sense of the tension that makes for an authentic 
existential choice. 

The only thing that will be of any use is not synthesis or adaptation, but confrontation; 
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that is, bringing face to face two factors that are contradictory and irreconcilable and 
at the same time inescapable. For it is only out of the decision he makes when he 
experiences this contradiction - never out of adherence to an integrated system - that 
the Christian will arrive at a practical position.16 

Within such an impossible situation, the usual reaction is to repress the 
conflict in order to make it livable. Ellul's point here is that if we make such 
a situation livable as it is, we effectively surrender our freedom. For, 
according to Ellul's conception, freedom is not a matter of adapting to our 
environment. It is, rather, a matter of confronting that reality and transcend
ing it. 

James Holloway has contrasted Ellul's dual orientation - correlative 
sociological and theological studies - with Paul Tillich's "theology of 
correlation." Ellul's method, however, is better designated a "theology of 
confrontation." 17 

The unsystematic character of Ellu1's dialectic is perhaps its most striking 
and unsettling feature. But this feature of his thought must be seen as a direct 
consequence both of his purpose as a writer and of the central problematic he 
has identified. That problematic is to understand the relation between the 
rational and irrational factors in human nature, and thus to identify the field 
of human freedom in the modem age. IS In this regard it is necessary to point 
out that dialectic is supposed to be a mode of thought that is able to follow 
the contours of reality, so to speak, in all of its dynamic changes. "How can 
one perceive the totality without perceiving that it is always changing?,,19 
But the historical character of reality implies the existence of contradictory 
factors that subsist together and which produce a new reality. 

At this point, the idea of time or history is introduced into the dialectical relation: here 
we have a decisive element. Often dialectic is viewed as a type of reasoning, or as the 
coexistence of contradictory elements. The important thing, however, is that these 
contradictory factors can subsist (without eliminating one another) only as they are 
correlative in a flow of time leading to a new situation.20 

The significant point here is that real historical development must include the 
emergence of something radically new or novel. But this is to say that 
something completely unforeseeable is able to develop. Reality is not, in a 
sense, locked in, or better, closed. There is a certain irrationality about 
historical development. It cannot be schematized or systematized. And its 
outcome cannot be predicted in advance. Therefore, Ellul's dialectic is open 
to what lies beyond our intellectual grasp. It includes the irrationality of 
human history. 

I thus realized that to grasp the reality of the world we live in, we must take into 
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account the elements that cannot be included in a vast intellectual synthesis. And I 
completely gave up searching for either a defmitive explanation of our time and of 
history, and for a synthesis that can encompass everything. In other words, I show in 
my work a systematic mind, but I have refused, you might say systematically, to 
produce a system.21 

It is by developing this dialectic that Ellul is able to carry out his task of 
relocating humankind within the modem technological universe. What is 
lacking in such a universe is precisely that openness that allows for the 
historical development of a free subject. For technique, in Ellul's view, 
represents a closed world. Its development is completely mechanical. Its 
results are completely predictable. Ellul's dialectic itself introduces a certain 
negativity and thus unpredictability into this technical system. It represents a 
negation of technique. 

In this condition it is not enough that this contradiction be that of facts, events. . .. 
There usually has to be an express and explicit contradiction put in words by someone 
who contradicts, who bears the negation. In this way the negativity induces and 
provokes innovation, and consequently the history of the group or individual. One can 
see, then, that negativity has a wholly positive side. If there is transition from one state 
to another, we can thank negativity alone.22 

In Ellul's view, this is precisely the task of a human being in asserting his or 
her subjectivity. To bear the burden of the negative is to assert one's freedom. 
Dialectic is thus a mode of thought that is expressive of human freedom, 
whether it is carried out consciously or not.23 

What I am sure of is that life simply presupposes the innovation, that man is a history 
which includes negativity, and that to rest in an achieved state is in reality to deny 
both the life and the history or specificity of man, to claim to stop history, which is 
(perhaps) to enter the Kingdom of God.24 

A fundamental principle of Ellul's dialectical method, then, is the principle of 
confrontation. For Ellul this involves confronting what is known sociologi
cally of the modem world with a radically alien truth; and this is the truth of 
the Christian revelation.2S John Boli-Bennett has characterized Ellul's 
dialectic as sociological - as opposed to the philosophical dialectic of Hegel 
- and the sociology Ellul draws upon is essentially that of Marx.26 This is 
true as far as it goes, but it is interesting that Holloway, as I have noted, 
characterizes Ellul's method as a "theology of confrontation," and neither of 
these characterizations is completely accurate. In the end, Ellul's dialectic is a 
totality made up of two distinct dialectics. That is, each pole of the larger 
dialectic in which Ellul opposes modem sociology and theology contains its 
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own dialectic. In this sense, Ellul's thought can be characterized as a double 
dialectic. 

It is my view that the central theme of Ellul's thought is the reality of 
freedom in a technological society.27 This represents the dialectical couplet, 
freedom/necessity. As we have seen, there is no synthetic moment in Ellul's 
dialectic, so the dialectic is in danger of being frozen at this point. It seems 
that the movement of thought is blocked by the opposition of these extreme 
positions. 

It is precisely in order to break this deadlock that Ellul introduces another 
dialectical axis which is, in a sense, superimposed upon the original dialecti
cal axis, somewhat like a Cartesian coordinate system - though Ellul's 
analysis is decidedly not a quantitative but a qualitative analysis. The 
freedom/necessity couplet is opposed by another dialectical couplet, the poles 
of which are hope and despair. This second dialectical axis, in effect, deflects 
the dialectical movement of the first axis, so that now Ellul can describe the 
despair of necessity and the despair of freedom.28 It would be possible, in my 
view, although I have not seen Ellul do this explicitly, to describe the hope of 
necessity and the hope of freedom. To place one's hope in technique 
represents a false hope, one which Ellul is constantly attacking.29 In reality, 
hope can only be an expression of freedom.30 

It is this double dialectic that is peculiar to Ellul's method. The difficulty 
in recognizing it lies in the fact that the elements of the dialectic are dispersed 
in a number of Ellul's works. 

At this point I would like to consider the existential character of Ellul's 
dialectic in terms of the theme of hope; then, finally, I will touch upon Ellul's 
view of humans as dialogic agents. 

It is interesting that Ellul has seen in Marx's dialectic a dialectic of hope. 
"The fact of the matter is that Marx's thinking found such a response among 
the proletariat because it was a bearer of hope, and Marx's dialectic is a 
dialectic of hope precisely because it relates to the tangible and the con
crete.,,31 But it is also Ellul's view that it was not Marx who ultimately 
overcame Hegel's abstract dialectic, but Soren Kierkegaard. "This is where 
Kierkegaard's dialectic fits in .... It is a qualitative dialectic (as contrasted 
with Hegel's dialectic which Kierkegaard calls quantitative), and a dialectic 
of life rather than a system of concepts. "32 

Vemard Eller has pointed out that while Ellul's earliest influences were 
Marx and Karl Barth, he identifies more strongly with the thought of 
Kierkegaard.33 And it is, in his view, the existential character of 
Kierkegaard's thought that Ellul identifies with in particular. Certainly there 
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is a sense in which the writings of both Kierkegaard and Ellul must be called 
"existential"; namely, that their discourse is life-centered rather than thought
centered, concerned with historical realities rather than with intellectual 
theory, and pointed toward changing behavior rather than defining doc
trine.34 

This is significant for Ellul's dialectic precisely because it is not possible 
to define the realities of freedom and hope. These lie in the realm of the 
experiential. To define them would be to undermine their historical reality 
since they have to do with action and not primarily with knowledge. It is for 
this reason that Ellul says that he does not carry out conceptual analysis. 

We are touching on a trait that I consider important: I never write ideas. I have always 
attempted to transmit exactly what I have experienced, in objectifying it. I have 
always thought on the experiential level. ... That is why my work is inevitably 
incomplete and does not appear to be very systematic. I have never tried to make a 
theoretical system concerned in itself and for itself.35 

In a sense, Ellul conceives of this entire enterprise as flowing from the 
principle of confrontation. As we have seen, it is not just an intellectual 
enterprise Ellul has undertaken. It involves the confrontation of thought and 
action. It is an attempt on Ellul's part to make of the word a living reality. For 
Ellul, the correspondence between truth and reality is not a matter of the 
passive recording of events. It is, rather, a dynamic reciprocal relation 
between thought and action. "For the word is dialectical in itself and is at the 
same time integrated into the whole of existence. By this I mean that the 
word is intended to be lived.,,36 

This emphasis on the word as a living reality is founded upon Ellul's view 
of human nature as having a dialogic structure. Ellul's thought can thus be 
placed among the dialogic existentialists, Martin Buber, Albert Camus, and 
Gabriel Marcel,37 for whom dialogue is constitutive of the person. It is the 
dialogic character of human nature that, in Ellul's view, gives dialectical 
thought such an important role in maintaining human freedom. For Ellul, 
dialectic is at the heart of the struggle for freedom. It represents a dynamic 
tension that sets human subjectivity over against some object which opposes 
it and is thus determinate, since technique constitutes our specific environ
ment. 

David Meninger has seen this clearly in his study of Ellul's relation to 
Marx: 

For Ellul ... dialectic remains most valuable at the point that only provided a 
beginning for Marx - as a catalyst for an independent human consciousness which 
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may resist the weight of social constraints, as the organizer of a vision preserving 
human freedom.38 

Ellul's dialectic is confrontational inasmuch as it confronts reality with both 
word and action. But it also confronts the reader with a discourse that cannot 
be grasped intellectually. Rather, it provokes a response in the form of a 
decision. "So I have steadily deepened this idea [of confrontation], which is 
meant to prompt every reader to make his own decision, on the spiritual as 
well as on the political or economic level."39 

Concluding Remarks: It is my view that Ellul's thought has been misun
derstood because of a lack of appreciation of the dialectical structure of his 
thought. Ellul's study of technique represents one pole of the dialectical axis, 
freedom/necessity. It represents complete determination. Technique is a 
system that operates by strict necessity. Reading Ellul's The Technological 
Society in isolation, one can only conclude that Ellul is a technological 
pessimist of the most extreme sort. But this study must be balanced by 
contrasting it with its theological counterpart. 

Ellul has said that his plan of research was to oppose his study of tech
nique with The Ethics of Freedom (1976 [1973]). In this work one discovers 
the absolute freedom of the Christian revelation. "We are freed only by love 
of God. If we place ourselves outside love, we place ourselves outside 
freedom. Freedom exists only in virtue of the new relation which God sets up 
between beings. In the old relation, which was secular and depended upon 
force, violence, and oppression, there could be no freedom of any kind.,,40 

Ellul's intention is to attempt to make this freedom present to the tech
nological world in which we live. In so doing, he hopes to introduce a breach 
in the technical system. It is Ellul's view that in this way alone are we able to 
live out our freedom in the deterministic technological world that we have 
created for ourselves. 

Marquette University 

NOTES 

I Ellul defines "technique" as "the totality of means, rationally arrived at and having 
[as its goal] absolute efficiency (at a given stage of development) in every sphere of 
human endeavor." See The Technological Society (New York: Knopf, 1964; French 
original, 1954), p. xxv. It is essential to realize that Ellul is not concerned with 
analyzing technology. For Ellul, technology is discourse about technique, a logos 
concerning techne. It is on this basis that Ellul criticizes Jiirgen Habermas's thought: 
"I am obviously in complete disagreement with Habermas (Technik und 



ON JACQUES ELLUL'S DIALECTICAL METIIOD 189 

Wisschenschaft als Ideologie), who confuses technology (French, 'technique') and 
technological discourse, and whose idea of what he means by 'Technik' strikes me as 
totally dated!" The Ethics of Freedom (Grand Rapids, Mich.: Eerdmans, 1976; French 
original, 1973, 1975), p. 333, n. 7. 
2 See David Lovekin, "Jacques Ellul's Philosophy of Technical Consciousness," 
dissertation, University of Texas at Dallas, 1986. Lovekin provides a review of some 
of these misinterpretations. 
3 In Season, Out of Season: An Introduction to the Thought of Jacques Ellul; Based 
on Interviews by Madeleine Garrigou-Lagrange (San Francisco: Harper & Row, 
1982; French original, 1981), p. 73. 
4 Clifford G. Christians and Jay M. van Hook, eds., Jacques Ellul: Interpretive 
Essays (Champaign: University of lllinois Press, 1981), p. 291. 
5 In Season, Out of Season, p. 183. 
6 Christians and van Hook,Interpretive Essays, pp. 291-292. 
7 Technological Society, p. xiv. 
8 John Boli-Bennett, ''The Absolute Dialectics of Jacques Ellul," in P. Durbin, ed., 
Research in Philosophy and Technology (Greenwich, Conn.: JAI Press, 1980), p. 174. 
9 Quoted in Christians and van Hook, Interpretive Essays, p. 293. 
IO In Season, Out of Season, pp. 26--32. 
11 Jacques EIlul, "Mirror of These Ten Years," Christian Century, February 18, 1970, 
y.200. 
2 James Y. HoIloway, ed., Introducing Jacques Ellul (Grand Rapids, Mich.: 

Eerdmans, 1970), p. 6. 
13 Christians and van Hook, Interpretive Essays, p. 305. 
14 Willem H. Vanderburg, ed., Perspectives on Our Age: Jacques Ellul Speaks on His 
Life and Works (New York: Seabury Press, 1981), p. 15. Consider also this from In 
Season, Out of Season: 

I thus remained unable to eliminate Marx, unable to eliminate the biblical revelation, 
and unable to merge the two. For me, it was impossible to put them together. So I 
began to be tom between the two, and I have remained so all my life. The develop
ment of my thinking can be explained starting with this confrontation (p. 16). 

Also, from Christians a/ld van Hook, Interpretive Essays: 

To speak of "my work" would be pretentious, and yet the sum of my books constitutes 
a whQle consciously conceived as such. At root - to the extent that I became 
convinced on the one side that it was impossible to make a unity of the study of 
modem society, and on the other that it was equally impossible to do a theological 
study without reference to the world in which one is - it became indispensable for me 
to find the link, and this could only be the dialectical process (p. 304). 

15 In Season, out of Season, p. 18. And from Vanderburg, Perspectives on Our Age: 

From that moment on, I lived through the conflict and the contradiction between what 
became the center of my life - this faith, this reference to the Bible, which I hence
forth read from a different perspective - and what I knew of Marx and did not wish to 
abandon. For I did not see why I should have to give up the things that Marx said 
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about society and explained about economy and injustice in the world. I saw no 
reason to reject them just because I was now a Christian (p. 14). 

Alasdair MacIntyre's way of dealing with this conflict, in his Marxism and Chris
tianity (2nd ed.; New York: Schocken, 1968), is also instructive. 
16 Ellul, "Mirror of These Ten Years" (note 11, above), p. 201. See Vernard Eller, 
"Ellul and Kierkegaard: Closer Than Brothers," in Christians and van Hook, 
Interpretive Essays: 

On the contrary, because it deals in concrete realities rather than ideas, existential 
dialectic cannot arrive at synthesis, it firmly resists any effort to synthesize, and takes 
as its goal the finding of one's life within the tension between the dialectic's 
un synthesized poles (p. 55). 

17 Holloway, Introducing Jacques Ellul, p. 20. 
18 Ellul, The Technological System (New York: Continuum, 1980; French original, 
1977), p. 74: 

The computer faces us squarely with the contradiction already announced throughout 
the technological movement and brought to its complete rigor - between the rational 
(problems posed because of the computer and the answers given) and the irrational 
(human attitudes and tendencies). The computer glaringly exposes anything irrational 
in a human decision, showing that a choice considered reasonable is actually 
emotional. It does not follow that this is translation into an absolute rationality; but 
plainly, this conflict introduces man into a cultural universe that is different from 
anything he has ever known before. Man's central, his - I might say - metaphysical 
problem is no longer the existence of God and his own existence in terms of that 
sacred mystery. The problem is now the conflict between that absolute rationality and 
what has hitherto constituted his person. That is the pivot of all present-day reflection, 
and, for a long time, it will remain the only philosophical issue. 

In this way, the computer is nothing but, and nothing more than, [technique]. Yet it 
performs what was virtually the action of the technological whole, it brings it to its 
bare perfection; it makes it obvious. 

It is my view that this text is a key to an adequate interpretation of Ellul's thought. 
This problematic can be seen in Ellul's earliest writings. The problem Ellul has 
identified concerning modern technique is that it has effectively altered the relation
ship between the rational and irrational factors in man. In a sense, technique 
represents a form of hyperrationality which is a result of the bifurcation of rationality 
from its human ground, which is constituted by various irrational drives. Today 
technical rationality is its own ground. This alienation of the rational and irrational 
factors in modern man produces a hyperrational technical development, on the one 
hand, and a simultaneous release of irrational drives on the other; the latter are 
typically expressed in political activity, a fascination with the occult, drug abuse, and 
sexual experimentation. The psychic disorientation we observe on such a wide scale 
in modern societies is a direct result of technical development. Our generalized 
inability to discern the operation of this technical determination upon us is a result of 
what Marshall McLuhan called technical anaesthesia. 
19 Christians and van Hook, Interpretive Essays, p. 294. 
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20 Ibid. See also In Season, Out of Season: "Having said this, I want to clarify that the 
dialectic presupposes history. It is not enough to pose a positive factor and a negative 
factor. There has to be a passage of time for the two contradictory factors to come into 
relationship and be able to give rise to a new situation" (p. 202). 
21 In Season, Out of Season, p. 202. 
22 Christians and van Hook, Interpretive Essays, p. 296. 
23 Ellul adds, a few pages later: 

My own claim, however, is that well before these intellectual formulations [of the 
Greeks] from the eighteenth century, B.C., dialectic appeared in Hebrew thought, and 
that the whole of the Old Testament expresses a dialectic. In other words, the Hebrews 
formulated God's revelation dialectically without examining what they were doing 
intellectually, without working out the noetic aspect (Interpretive Essays, p. 298). 

24 Ibid., p. 296. See also Ellul, The Betrayal of the West (New York: Seabury Press, 
1978): "The astounding truth that is peculiar to man: he is a maker of history. History 
understood as the expression of freedom and of man's mastery of events, nature, and 
his own life" (p. 32). Again: 

Human life has no meaning if there is no chance of changing anything, no part of 
one's own to play, that is, if there is no history begun but not yet fmished. And this is 
the precise moment that negativity comes to the fore. In one of my books, I adopted 
the famous statement of Guehenno: ''The first duty of man is to say No" (Christians 
and van Hook, Interpretive Essays, p. 296). 

25 Ellul, "Mirror of These Ten Years" (note II, above): 

Consequently, I have set up the principle of confrontation. We must seek the deepest 
possible sociological understanding of the world we live in, apply the best methods, 
refrain from tampering with the results of our own research on the ground that they 
are "spiritually" embarrassing, maintain complete clarity and complete realism - all in 
order to find out, as precisely as may be, where we are and what we are doing, and 
also what lines of action are open to us (p. 201). 

26 Boli-Bennett, "The Absolute Dialectics of Ellul" (note 8, above), p. 174. 
27 Technological Society, pp. xxvi-xxxii. 
28 Ellul, "The Latest Developments in Technology and the Philosophy of the 
Absurd," in P. Durbin, ed., Research in Philosophy and Technology, vol. 7 
(Greenwich, Conn.: JAI Press, 1984), pp. 92-97. 
29 Ellul, Hope in Time of Abandonment (New York: Seabury Press, 1973; French 
original, 1972). 
30 Ellul, The Ethics of Freedom (note 1, above). 
31 Ibid., p. 87. It should be pointed out that it is Ellul's existential dialectic which has 
led him to posit hope as theologically primary today, rather than faith. See pp. 78-83. 
32 Ellul, Humiliation of the Word (Grand Rapids, Mich.: Eerdmans, 1985), p. 39. See 
also Hope in Time of Abandonment (note 29, above), pp. 53-54. 
33 Christians and van Hook, Interpretive Essays, p. 52. 
34 Ibid., p. 57. 
35 In Season, Out of Season, p. 189. Ellul says: 
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In my case, I was able to be intellectually strict with Marx's thinking in the area of 
world interpretation. Moreover, I was convinced from the beginning that there could 
be neither Christian politics, nor Christian economics, nor a Christian society, but that 
the revelation contributes a fundamental existential truth. It was necessary to work it 
out so that these two truths could be lived together - I do mean lived, not reconciled 
intellectually in a system (p. 18). 

36 Humiliation of the Word (note 32, above), p. 39. 
37 See Maurice Friedman, To Deny Our Nothingness: Contemporary Images of Man 
(Delacorte Press, 1967), chapter 16: "The Existentialists of Dialogue: Marcel, Camus, 
Buber," pp. 281-308. 
38 Christians and van Hook, Interpretive Essays, p. 24. Also: "Ellul's attachment to 
dialectic, inherited in kernel from Marx, lies at the heart of his work's purpose" (p. 
29). 
39 Ellul, "Mirror of These Ten Years" (note 11, above), p. 201. 
40 Ellul, Ethics of Freedom (note 1, above), p. 248. 
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