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PREFACE
AND ACKNOWLEDGMENTS

I have been a faculty member in the Electrical Engineering Department at
San Jose State University for many years. My technical areas of focus have
been circuits, systems, and controls, but while finishing my dissertation
in electrical engineering in the 1970s, I discovered philosophy, in partic-
ular, the nascent field of philosophy of technology. That early interest has
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sophical aspects of engineering ethics—and has led to my development of
the ideas and material presented in this book.

I am deeply indebted to Albert Borgmann for many years of inspira-
tion. One of my fondest memories is, while on sabbatical from San Jose
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Andrew B. Lewis has been of tremendous help to this project.

Much of my work, at various stages of development, has been previ-
ously presented in the following essays:

“Ethics, Ethos and the Professions: Some Lessons from Engineering.” Pro-
fessional Ethics 4, no. 1 (1995).
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“Technology: The Cost of Disengagement/The Benefit of Disburdenment,”
International Symposium on Technology and Society Conference Pro-
ceedings (1993), 1sTAs Conference in Washington, D.C.

“Three Kinds of Ethics for Three Kinds of Engineering.” 1EEE Technol-
ogy and Society Magazine 20, no. 3 (2001).



INTRODUCTION

Engineering is the practice of making good on the promise of technology.
Technology, throughout history, has promised relief from the burdens of
everyday life. Engineering practice has brought us an array of time- and
labor-saving devices. The telephone, for instance, lifts the burden of dis-
tance between friends, family, neighbors, and others. In characterizing
technology as disburdening, philosopher of technology Albert Borgmann
also points to its disengaging character, which implies that typically we
need have only minimal connection to or involvement with engineered
devices, and these in turn have minimal connection to or involvement with
the worlds in which they are functioning.! Disengagement and disburden-
ment tend to go hand in hand in a world under the influence of modern
engineering practice.

Engaging practices and products on the other hand tend to be bur-
densome. Cultivating my vegetable garden is an engaging pursuit. It is
also hard work. It is a bit easier if I use a rake and a hoe, instead of, say,
my bare hands, which would be highly engaging but quite burdensome.
More and more garden tools would reduce my burden, but increase my
disengagement. The ultimate disburdenment might be to just shop for my
vegetables at the supermarket and be done with it. Somewhere there must
be a balance: how much disburdenment will still permit an engagement
that enriches life and elevates the spirit? The kind of engineering that con-
tributes to such a balance I call focal engineering.

Still, you might ask, is not disburdenment an inherent good? It is cer-
tainly good to be relieved from the burden of an onerous task, and it is

1. Albert Borgmann, Technology and the Character of Contemporary Life (Chicago:
University of Chicago Press, 1984), 33—48.
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not necessarily bad to be disengaged from the world in which that oner-
ous task was performed. Without a telephone, a conversation with a friend
three hours away on foot would require a six-hour round trip. That
would pretty much do in the day. Now I just pick up the phone and am
disburdened from all that travail. But along with the disburdenment I am
also disengaged from the walk in the woods between his house and mine,
an outing would have embellished my being, cleared the cobwebs from
my brain, and given me some much needed exercise. However, disen-
gagement is not necessarily problematic. I can still take an engaging walk
in the woods after my phone call, or these days I can make the call on my
cell phone from wherever I happen to be. In principle, the lifting of bur-
dens frees up the human spirit for other ventures. In fact, thanks to the
engineered product of the telephone, compared to life in the pre-telephone
era, I now have more hours in my day to do other things.

I am certainly grateful for burdens lifted and time saved. How do T use
that time? That is of course a personal matter. I may squander it or spend
it wisely. Personally, I tend to spend some of it being entertained by other
engineered devices, some of it involving myself in other practices I see as
engaging, and some of it attending to a variety of other burdens a given
engineered product might engender. My car, for instance, is in fact engag-
ing to drive. It gives me tremendous mobility and pleasure, but at the
cost of keeping it properly fueled and maintained. Good engineering min-
imizes the time needed to address many of those additional burdens. It is
surely the case that a well-engineered automobile needs less time in the
shop than a poorly engineered one.

Suppose I choose to take my home off the energy grid. Renewable elec-
tric power systems usually employ lead acid battery storage and solar cell
or photovoltaic panels, which are often augmented by small generators
powered by wind or running water.? Certain practices are required in order
to keep the system together. Unlike standard electrical power, which I can
get with the flip of a switch, home power is not so convenient. After a
home power system is installed, the real work begins. The battery terminals
must be kept clean, and the homeowner must continually adjust energy
use to resource availability (sun, wind, water flow).? Standard electrical
power available from the grid disburdens my life but at the same time

2. Jesse S. Tatum, “Technology and Values: Getting Beyond the ‘Device Paradigm’
Impasse,” Science, Technology, and Human Values 19 (Winter 1994): 76.
3. Ibid., 79-8o0.
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tends to disengage me. I may not know or even care where the power
comes from. It is just there. I am not just anonymous when I draw power
from the grid, I can be scarcely conscious.

The real issue here is not where I get my power but that a life entirely
disburdened is a life entirely disengaged and a life entirely disengaged is
a life out of balance. T agree with Borgmann. We need disburdenment in
our lives but we also need engagement. He suggests a variety of engaging
practices, which he calls focal practices, like running or “the culture of
the table,” which though outside the immediate purview of the engineer-
ing world do depend at some stage of their coming into being on engi-
neering processes. My suggestion is that we devote more energy directly
to the spirit of the focal engineering venture as it seeks to bring into the
world products that have an engaging rather than disengaging aspect.
Engagement is a measure of harmony between end user and focal prod-
uct. But there are other values important to focal products: enlivenment,
a measure of harmony between end-user and the world, and resonance, a
measure of harmony between the world and the focal product. Later in
the book I will invoke all three values in an ethical assessment of the
focally engineered product.

Consider the Golden Gate Bridge in San Francisco. It is one of the
most popular and spectacular bridges in the world and the symbol of one
of the most cherished of American cities. It has a commanding presence
that has inspired poems, paintings, and photographs. The Golden Gate
is a structure that gathers people to it, enlivens and elevates their spirit,
and resonates with its setting. Humans, bridge, and world are all in tune.

The Golden Gate Bridge is an engineered structure I would call focal.
It is engaging, invigorating, and harmonious. We shape our worlds around
focal objects by virtue of our nurturing involvements with them. Focal
objects are never “things as such” but are always embedded in social,
cultural, or natural contexts. Focal practices, like tending to a wood-
burning stove, require a regular engagement with orienting activities that
demand skill and effort.

Unlike the Golden Gate and the wood-burning stove, however, most
engineered systems, devices, structures, networks, and organisms are non-
focal, employed for their functionality and not much else. But, in fact,
that is often sufficient. Disburdenments, of course, are welcomed. I want
to heat up a cup of coffee. I put it in the microwave for thirty seconds
and in the meantime boot up my computer to check my email. Before the
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computer comes on, the coffee is done. Mission accomplished. My days
are packed with these functional events. The problem, again, is not these
activities per se, but that when these events constitute the whole of my
being, life becomes a humdrum, leveled affair. So I seek out diversion and
distraction, which result, in general, in further leveling. A focal practice,
on the other hand, can enliven life, make it meaningful, bring it into relief.
I write a poem, and my world lights up. If I use my computer to write
that poem, I am using technology in a functional manner but also in a
manner that contributes to focal reality. A computer can be focal or non-
focal, though when I speak of focal reality, again, I must think, not com-
puter, not “thing as such,” but computer/world conjunct. It is not just a
matter of applying the device to a focal or nonfocal event. Patterns are
what matter. Although an engineered product is seldom itself a focal object,
if it can serve a focal practice, and be immersed in a world patterned by
such practices, as exhibited in a pattern of life that is resonant, enliven-
ing, and engaging, then the engineering involved can be considered focal.
Focal engineering aims to bring focal products into the world. Con-
sider the windmills tastefully placed along the canals in the Netherlands.
They require focal engagements and are focal things contextually embed-
ded. Such products, instead of just aiming to do no harm, actually seek
to contribute to the good life in a convivial society, and once the notion
of the good becomes prominent, ethics and morality enter into our delib-
erations. The ethical assessments of focal engineering must be made from
within an inclusive and hopefully democratic decision space. The corpo-
rate capitalist, fulfilling real needs or artificially manufactured ones, can-
not be the only voice. Politicians, concerned citizens, environmentalists,
philosophers, scientists, spiritual leaders, and others must be invited to
the conversation about what constitutes a focally engineered device.
David Billington categorizes the types of entities that can be taken
as engineered entities as machines, structures, networks, and processes.*
Those distinctions can be further nuanced to cover a wide range of what
Carl Mitcham calls “types of technology as object,” including utensils,
apparatus, utilities, tools, and automata.’ For my purposes, these will all be
in the category of the engineered, the products of the engineering process.

4. David Billington, The Innovators: The Engineering Pioneers Who Made America Mod-
ern (New York: John Wiley & Sons, 1996), 201.

5. Carl Mitcham, Thinking Through Technology: The Path Between Engineering and
Philosophy (Chicago: University of Chicago Press, 1994), 162.
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Of course, we use tools and equipment of all sorts when we do engineer-
ing. I will be primarily concerned with the engineered as a product of the
process of engineering, recognizing that many of these products, like oscil-
loscopes and computers, serve the engineering process itself.

We engineers most commonly gauge the viability of the engineered by
a technical assessment in an ongoing and immediate fashion: it is what
we do when we do engineering. Efficiency, productivity, objectivity, and
precision are quintessential technical measures, even though different
branches of engineering might interpret these measures differently. For
instance, in looking at efficiency, mechanical and electrical engineering
speak of it as the mathematical ratio of output over input energy. Civil
engineering views efficiency broadly in notions of accuracy of measure-
ment and durability of structures, as well as measures of economy of cost
and elegance of form. But the technical assessment looks at the rational
good of the engineered in a local and limited sense. From a broader per-
spective, which encompasses the engineer, engineering, and the engineered,
what is locally benign may present serious moral problems in the realms
of social justice, environmental sustainability, and health and safety of
affected parties. The moral assessments of engineers, of engineering, and
of engineered products require a step back and away from immediate
concerns to reflect on the larger picture of the contextually embedded
engineering project. It is here where Mitcham’s notion of technology as
volition comes into play. As Mitcham maintains, technology is certainly
an activity and employs all kinds of objects and involves various modes
of knowing.® But, as volition, technology most clearly becomes a phe-
nomenon we humans can take control of, fit to our purposes, and mold
into good products, giving engineering the opportunity to authentically
make good on the promise of technology.

Both technical and ethical assessments, then, are intrinsic to the engi-
neering project. Both are needed in the assessment, for example, of focally
engineered products. Furthermore, any particular assessment is seen most
clearly in the light of a general framework, suggesting that we need to
look at engineering in general and attempt to see it in the fullness of its
being. Such an effort, at a minimum, entails surveying the engineering proj-
ect from social, philosophical, and historical contexts. Social and philo-
sophical contexts provide a vertical, synchronic reach to engineering, while

6. Ibid., 161-266.
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the historical context provides a horizontal, diachronic range. The social
and philosophical perspectives on the engineering project uncover an ex-
panded need for ethics in engineering, a need to ask not only the conven-
tional questions about how to be good engineers and how to do good
engineering, but also, and especially, to ask about how to make good prod-
ucts. Being, doing, and making are all gathered and harmonized in the
practice of focal engineering. In addition, social and philosophical per-
spectives reveal a structure and function that have an inward-looking
micro aspect and an outward-looking macro aspect. Generally, the inward
look, following Mitcham again, is the way engineers view engineering, and
the outward look is the way social scientists view engineering. Structural
and functional portrayals, revealing a schematic look at the engineering
endeavor, will be fleshed out by the integration of historical perspectives.
Those historical perspectives will point to modulations over time of the
macro and micro aspects of the engineering project, as well as to pertur-
bations within the compass of engineering ethics. To champion focal
engineering, I will need to show the centrality of focal engineering in the
process of engineering a world oriented toward a resonant life of engage-
ment and enlivenment. This book will be a task of analysis as well as syn-
thesis, and I will provide, as product of my reflections, both descriptions
of and prescriptions for the project of engineering.

Since ethics plays a key role throughout the book, several chapters will
be dedicated to discussions about virtue ethics, process ethics, and mate-
rial ethics.” Each of these kinds of ethics is keyed to one of the dimensions
of the engineering project: the engineer, engineering, and the engineered.
Virtue ethics concerns itself with the character of the engineer, process
ethics with the character of the engineering process, and material ethics
with the character of the product brought into being. Though these ele-
ments cannot be separated, they can and will be distinguished. The in-
ward, micro look at the engineering project reveals a confluence of these
three dimensions.

Each type of ethics will deal with one of the issues: virtue ethics with
the ambivalence often found in the hearts and minds of practicing engi-
neers, process ethics with the ambiguity inherent in the actual practice of

7. The idea of material ethics comes from the work of Albert Borgmann. These two
essays are especially useful: “The Moral Assessment of Technology,” in Democracy in a
Technological Society, ed. Langdon Winner (Dordrecht: Kluwer Academic Publishers, 1992),
and “The Moral Significance of Material Culture,” Inquiry 35 (1992).
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engineering, and material ethics with dilemmas that arise in the quest to
engineer focal products. Who performs the assessments necessitated by
these three types of ethics? And where? T will point to three levels of
assessment, including the group or team level, the professional level, and
the social level. At the group level, engineers can do a self-assessment in
terms of certain virtues that will be seen to be important, and the mem-
bers of the group can also be assessed by the group leader, as is common
in engineering practice today. Or instead of the group leader, a company
may engage the services of an ombudsperson. At the professional level,
professional societies can assess the ethicality of the engineering process
and of the engineer as well. At the social level, an overall assessment of
the engineering project needs to be made. This includes not only the mate-
rial ethics assessment of the engineered product, but also the ethics of the
process and the assessment of the engineer. Ultimately, at the social level,
all three types of assessments will be involved. At this level assessment
teams need to be formed that will include a broad diversity of voices.

The outward-looking, macro aspect of engineering reveals it to be a
contextualized project with several nested layers of context. The three
most important are the realm of technological systems, the realm of sys-
tems, and the human lifeworld, as indicated in Figure 1.

The engineering project is a particular type of technological system,
embedded in the context of technological systems in general. There are
technological systems that are not included within the domain of the engi-
neering project. Technological systems are particular types of systems,
embedded in the context of systems in general. Furthermore, the systems
way of being is a particular way of being embedded in the human life-
world, the realm of our everyday affairs, wherein we take up with all sort
of things, and pursue goals and enact roles of every kind imaginable.®
There are systematic and nonsystematic ways of being in the lifeworld.
I can grow row after row of genetically modified corn in a seriously sys-
tematic project, or I can just sit in my backyard and shoot the breeze
with my friends in casual communion. Although the notion of the human
lifeworld is uncommon in engineering, it forms the background of our
everyday engineering activity and is fundamental to the philosophical con-
cerns of this text.

8. Herbert L. Dreyfus, “The Priority of The World to My World,” Man and World 8
(May 1975): 122.
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HUMAN
LIFEWORLD

SYSTEMS

TECHNOLOGICAL
SYSTEMS

ENGINEERING
PROJECT

Figure 1. The Engineering Project in Context

Jirgen Habermas insists that the crucial event in contemporary times
is the colonization of the lifeworld by the realm of systems.’ The famil-
iar notion of colonization refers to the process whereby one country set-
tles in and takes over another, as Belgium did to the Congo in Africa. But
Habermas refers to a more philosophical sense of the word. What he
means by the notion of colonization is that as systems proliferate—many
of them driven by the products of the engineering project—they impose on
the fluid reality of the lifeworld, ever more stringently, the values of pro-
ductivity and efficiency. Drawing on the work of Talcott Parsons, Haber-
mas distinguishes between quantitative and qualitative media. Qualitative
media involve influence and value-commitments that are only enacted in
communication between people. Within such communicative action or
discourse differences are hammered out and people come to more or less
common understandings. Colonization diminishes the realm of qualita-
tive and communicative discourse so that more and more of the lifeworld
becomes noncommunicative and quantitative. Some of that is of course
a good thing. But how much? Technology can be employed within the

9. Jurgen Habermas, The Theory of Communicative Action, 2 vols. (Boston: Beacon
Press, 1984, 1987).
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lifeworld without becoming excessively colonizing. The Appropriate Tech-
nology movement comes immediately to mind. But it is also important
to keep some acreage of the lifeworld free from systematization altogether.
We humans seem to need ways of being that include just hanging out,
kicking back, and goofing around.

I will consider what the specific contribution of the engineering proj-
ect is in the colonization process and, in light of the judgments of engi-
neering ethics, what it ought to be. Throughout these discussions it will
be important to keep alive the difference between contextualization and
colonization, especially the colonization of the lifeworld by the engineer-
ing project and the contextualization of the engineering project by deci-
sions made in the human lifeworld. A distinction Andrew Feenberg makes
between what he calls the Primary and the Secondary Instrumentalizations
resonates with the contextualization/colonization distinction and will be
useful to my concerns.!® The Primary Instrumentalization involves the
processes of abstraction or de-worlding or decontextualization of a sec-
tor of concern from out of the human lifeworld, and deconstruction of
that sector into basic and useful parts or particles. These processes are
driven by ideals of rendering the lifeworld more efficient and productive.
The role of the Secondary Instrumentalization is to reconstitute reality
by reintegrating useful entities, which for us would be the products of the
engineering project, into natural or artificial systems. Those systems need
to be controlled by decisions made in the lifeworld. The quintessential
example is nanotechnology, which de-worlds matter and breaks it up into
atoms and molecules, which are then reassembled (ideally) into any desired
object and those objects are reintegrated into wider systems and the human
lifeworld. Lifeworld decisions contextualize the engineering process. Sys-
tem colonizes lifeworld at the same time that lifeworld contextualizes
system.

The text proper has three parts, and each part has three chapters. The
first part investigates the modern engineering enterprise, with emphasis
on the process of engineering and the nature of process ethics, and ex-
plores the idea of the colonization of the lifeworld by systems, especially
the modern engineering enterprise in alliance with the system of corporate
capitalism. The second looks back in time to the premodern engineering
endeavor, with emphasis on the person of the engineer and virtue ethics,

10. Andrew Feenberg, Questioning Technology (London: Routledge, 1999).
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and explores the idea of contextualization, which was more prominent
within the premodern engineering endeavor than it is now. The third looks
forward to the focal engineering venture, with emphasis on the product
and material ethics, and explores the possibility of striking a balance be-
tween contextualization and colonization.

There is much talk nowadays that laments an apparent decline in engi-
neering professionalism. One hears much discussion about new graduates
from engineering schools being minimally competent technically and poor
in communication skills. Strategies for addressing these problems abound,
and the struggle continues, as well it should. Nevertheless, I propose that
professionalism must be advanced, not only by boosting the skill levels
of engineering graduates, but also by instilling in them an understanding
of engineering as structurally and historically rich in meaning, as ethically
variegated, and as both a colonizing and contextualized project. As such,
engineering is capable of an orientation toward a more exhilarating and
exalted nature, toward a focal engineering whose products embellish
the lives of end-users and, more generally, contribute to the good life in a
convivial society, a society in which hospitality and a spirit of trust can
begin to flourish.



PART 1

THE MODERN ENGINEERING ENTERPRISE






ONE

PROCESS

In the premodern era, which lasted roughly from the time of the pyra-
mids to the heyday of the medieval cathedral, engineering processes of a
basic sort did exist. Engineers had a kind of knowing that can be described
as know-how, which was embedded in skills of various sorts. In building
their aqueducts, for instance, Roman engineers had to know how to locate
sources of water. They had to know how to dig tunnels. They had to know
how to construct pumps. They had to know how to purify water. They
acquired this know-how as apprentices, through experience, or by trial
and error.

However, toward the end of the medieval period, engineering know-
how began to couple with the know-what of the modern scientific mind,
which was just then beginning to bloom. The premodern engineering en-
deavor began its transformation into the modern engineering enterprise.
Means, methods, and procedures within the process of engineering began
to become explicit, and mathematical and scientific theory to reveal, in
what was assumed to be a clear and distinct fashion, the essence or what-
ness of the universe. At the same time, the engineering enterprise gradu-
ally came into its own as a unique practice, thanks in large measure to
the emergence of an increasingly clear and distinct methodology.

The scientific method, in broad outline, was adopted by the engineer-
ing enterprise. Of course, what constituted the scientific method originally
and ideally has today been recognized as less of an objective procedure
and more of a human practice involving imagination, speculation, intu-
ition, heuristics, and often just plain luck. All of these human elements,
encompassing both know-how and know-what, are intrinsic to contem-
porary real-world engineering practice. However, René Descartes (1596—
1650) was the first to formulate a methodology that, in a rough and ready
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sense, became useful to engineering. Descartes’s method consists of four
rules: abstraction, dissection, reconstruction, and control.! The first two
are fundamental to the practice of analysis, the second two to synthesis.
Through analysis, science enters the program of engineering in an explicit
manner. The method instructs the practitioner to abstract a representa-
tion of a realm of concern from its context or world, and then dissect that
abstracted representation into its fundamental parts. These practices are
for the sake, initially, of scientific understanding. As the engineers under-
stood it, however, this scientific understanding was inevitably for the sake
of subsequent engineering developments. For example, in contemporary
engineering practice, analysis of a circuit yields an understanding of the
power and energy associated with various circuit elements. But that un-
derstanding is in the service of developing, say, a control system that uses
the circuit but has another larger task assigned to it, like stabilizing an
aircraft. Although the knowing-how of the premodern engineer was still
important, it was scientific knowing-what that came to characterize the
analytic side of modern engineering.

The synthetic aspects of the modern engineering process are derived
from the rules of reconstruction and control of the Cartesian method.
When engineers reconstruct, they assemble the parts separated in analy-
sis. The goal is to synthesize a system, in a timely manner, that meets the
specifications of a customer. Even though the know-how of premodern
engineering synthesis is now coupled with the know-what of the modern
engineering enterprise, this does not mean that engineering has become a
science or even an applied science. The fundamental knowing-how, which
had always been at the heart of the engineering project, was refined, not
replaced, by scientific knowing-what. Modern engineering employs what
might be called a scientifically informed heuristic procedure applied to a
collection of activities, including design, testing, production, manufactur-
ing, marketing, maintenance, and control. All these activities are at first
contextually situated and constrained, but once the method swings into
gear, it seeks to elude its contextual constraints. If the methods of the
modern engineering enterprise are truly de-worlded, then their unfoldings
proceed in a straightforward and unencumbered fashion. That is the way,
for the most part, that engineering is taught in engineering schools.

1. Albert Borgmann, Crossing the Postmodern Divide (Chicago: University of Chicago
Press, 1992), 35.
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Although it embraces scientific methods, engineering itself is not a sci-
ence. Unlike engineering, science seeks objective and ideally value-free
truth for its own sake. Science operates at the level of theory, a theory of
reality. A science of engineering, according to Taft Broome,? would have
to be a praxiology, a theory of efficient action. But how useful would
such a science of engineering be? Engineering as the practice of making
good on the promise of technology is an action involving a process. That
process is a volitional human activity of producing a plan, which draws
on resources available and involves a variety of ways of knowing how to
produce systems, devices, networks, organisms, and structures to fulfill
human needs and desires. A theory of efficient action could encompass
only the barest outlines of such a complex reality because modern engi-
neering is, as Steven Goldman puts it, “shaped by manifestly arbitrary,
that is, explicitly willfully imposed constraints expressive of a host of per-
sonal, institutional, social (including economic and political), and cul-
tural (including aesthetic and religious) value judgments.”? Thus, in this
book I will try to describe not a pure science of engineering but the possi-
bilities that unfold in processes of the engineering project as it is actually
practiced.

A science of engineering is one thing. Engineering science is quite
another. Engineering science is science drafted into the service of engineer-
ing processes. For example, engineering thermodynamics is very different
than thermodynamics taught in a physics department. The physics version
is highly theoretical. The engineering version includes engineering theo-
ries, descriptive regularities, engineering laws, and maxims.* The physi-
cist studies thermodynamics for its own sake. The engineer studies it to
further the process of engineering.

Engineering science is only one part of the manifold of disciplines and
activities that contribute to an engineering process. Of all the subpro-
cesses associated with engineering, like testing, design, prototyping, pro-
duction, manufacturing, marketing, maintenance, and so on, design is
commonly considered the essence or the heart of the entire matter. Design
is one of my focal points in this chapter. Goldman maintains that design

2. Taft H. Broome, “Engineering the Philosophy of Science,” Metaphilosophy 16, no. 1
(January 1985): 48—49.

3. Steven L. Goldman, “Philosophy, Engineering, and Western Culture,” in Broad and
Narrow Interpretations of Philosophy of Technology, ed. Paul T. Durbin (Amsterdam:
Kluwer Academic Publishers, 1990), 131.

4. See Mitcham, Thinking Through Technology, 192-208.
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“is unquestionably central to engineering, and design is an explicitly val-
uational 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 end to be achieved.”’ Closely tied to the design process, pro-
duction engineering, which brings the designed artifacts of the engineer-
ing enterprise into the world, is another essential part of the engineering
process: there is not only increasing concern for production of designs but
also for design of the production process itself.

The question arising throughout the development of the modern engi-
neering enterprise is, How ought the process to proceed? How is the engi-
neering process to be gauged or assessed? How positive or negative, how
right or how wrong might the process be? The process could be techni-
cally precise and efficacious and at the same time ethically problematic.
The incorporation of ethical standards within engineering went hand in
hand with its professionalization. Engineers became less and less crafts-
persons, artisans, or foremen overseeing engineering projects, as they had
been in premodern times, and more and more professionals implement-
ing engineering processes. The establishment of professional engineering
societies in the nineteenth century, including the American Society of Civil
Engineers (1852), the American Society of Mechanical Engineers (1880),
and the American Institute of Electrical Engineers (1884), established a
forum for the resolution of ethical issues. The ethics of the day sprung
from the work of Jeremy Bentham (1748-1832) and John Stuart Mill
(1806-1873), who developed and promoted the philosophy of utilitarian-
ism, which advises us to do whatever advances the greatest good for the
greatest number. Also, a generation before Bentham and Mill, Immanuel
Kant (1724-1804) gave ethics the concept of the Categorical Imperative,
one version of which advises us to act in such a way that, if everyone did
the same, the Good would be served. These notions of ethics, which I call
process ethics, provided moral guidance for engineers carrying out the
processes of the modern engineering enterprise.

Process ethics came into the service of modern engineering quite nat-
urally because modern engineering and process ethics were both grounded
in the general scientific and theoretical mindset that characterized the early
modern worldview. The emerging professional engineering societies strug-
gled to balance their freedoms and their responsibilities, and these struggles

>

5. See Goldman, “Philosophy, Engineering, and Western Culture,” 131-32.
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crystallized into codes of engineering ethics. Today, the dimensions of
process ethics are encapsulated succinctly in a number of professional
engineering codes, such as the 1EEE Code of Engineering Ethics.

SETTING THE STAGE

The cultures of the ancient world produced vigorous technology, which
resulted in an abundant material lifeworld. But as resources, especially
forestry resources, began to be depleted, and populations grew enormously,
especially due to influxes of invaders from the north, ancient cultures went
into decline. However, the real cause of that decline, according to Taichi
Sakaiya, whether we are talking about the Western Roman empire or the
Western Jin dynasty or ancient India, was ultimately not the invasions
but “the change in tastes and ethics that had been under way long before
that.”¢ In Western Europe, antiquity was superseded by the Middle Ages,
a period in which God, not man (or woman), was the measure of all
things. The medieval period lasted until roughly the mid-fourteenth cen-
tury and was followed by the Renaissance, which exalted the human
spirit mainly through art and literature. The modern era, as least as far
as engineering is concerned, began between the beginning of the sixteenth
century when da Vinci was working and the end of the sixteenth century
when Galileo set experimental physics on its true path.

The transition from antiquity to the medieval era was marked by a
movement away from materialism toward a more spiritual orientation.
The medievals in looking backward saw a progressive advance of values
developing into a better culture, which integrated classical cultures with
a faith in the Christian God. Borgmann, in fact, maintains that Charle-
magne in the ninth century had consolidated the medieval epoch in Europe
by fusing together classical culture and learning, the feudal order of Ger-
manic tradition, and a vision of Christianity.” The classical cultural con-
tent of the medieval era was tremendously deepened as the Renaissance
began to spread over the European continent a few centuries after Charle-
magne. Yet in spite of this affinity with classical ideas, which had the
pretense of a logical and objective worldview, most medieval societies

6. Taichi Sakaiya, The Knowledge-Value Revolution, trans. George Fields and William
Marsh (New York: Kodansha International, 1991), 162.
7. See Borgmann, Crossing the Postmodern Divide, 21.
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emphasized a kind of social subjectivity. Fantasy and dream life and what
we today might call an overactive imagination tended to prevail over
rational and empirical explorations of reality. With medieval investiga-
tors, Sakaiya maintains, very seldom were there “even attempts to com-
prehend things in terms of the sight of one’s eyes or the touch of one’s
hands upon the things of this world. Their explorations belong to an-
other realm entirely.”?

Furthermore, the orientation toward subjectivity in medieval cultures,
even though it was predominant in Europe, can also be found in India,
China, and the Islamic Middle East during this period. The realism of the
ancient art of Greece, Rome, India, and China had given way to a kind of
naive symbolism. Subjectively describing one’s feelings was taken to be
more important than materialistic objectivity or concreteness or accuracy.
But the medieval period lasted only a few hundred years. When and why
the medieval period ended are questions that have no unique answers. The
medieval civilizations were bound by religious traditions and local values
and mores, all of which were called into question as the effects of the sec-
ular humanism of the Renaissance began to be more and more widely felt.

For the most part, the lives of medieval people were narrow and sim-
ple, especially if compared to the vast possibilities of modern life. How-
ever, they did live rather vigorously, being guided by various excellences,
like chivalry and courtesy, community and celebration, authority and
craft.” But that vigor was short-lived. It had run its course by the late
1400s. As Borgmann puts it, “Unlike the slow and convulsive decay of
Greek and Roman culture, the medieval form of life came to a swift and
unambiguous end. It was shattered by the three blows that we commonly
associate with Columbus, Copernicus, and Luther.”'? The direct force of
these men, coupled with the more indirect force of the spread of secular
humanism, proved to be irresistible.

With the rise of the new Zeitgeist of modernism informing European
cultures—and Sakaiya shows similar transformations occurring, not nec-
essarily at the same time, in China, India, and the Middle East—the
fusion that Charlemagne had achieved began to be diffused. A new spirit
of discovery and adventure, exhibited in the enterprising boldness of
Christopher Columbus (1446-1506), gripped the European mind. A new

8. See Sakaiya, The Knowledge = Value Revolution, 166.
9. See Borgmann, Crossing the Postmodern Divide, 21.
10. Ibid.
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Weltanschauung was distilled out of the discoveries of the Polish astron-
omer Nicolaus Copernicus (1473-1543). And Martin Luther (1483-1546)
broke the grip of the Church of Rome on the northern half of Europe by
denying the need for Catholic tradition and putting scriptural interpre-
tation in the hands of the individual.

Borgmann points out that “unlike the fallen empire of Rome, the shat-
tered Middle Ages did not lie in ruins for long. Less than a generation
separates the last of the destroyers of the medieval order from the first of
the founders of modernity, Francis Bacon.”'! Leonardo da Vinci might
also be seen as a founder of modernity. Da Vinci died in 1519 and Bacon
was not even born until 1561. Even though da Vinci is typically associated
with the late Renaissance, there was some overlap between the Renaissance
and modernism. In any event, among others, Bacon, da Vinci, Descartes,
Locke, and Galileo certainly should be considered pivotal contributors
to the beginnings of the project of modernism.

MODERNISM

Toward the beginning of the sixteenth century several more or less simul-
taneous transformations in thoughts, words, and deeds brought about the
modern era. Modernism resulted from an array of new discoveries in the
natural sciences which shifted our image of ourselves and of our place in
the universe. Modernism was also generated by the rising spirit of pro-
ductivity and the industrialization of production, transforming scientific
knowledge into technology (which is where modern engineering came
into the picture), creating new human ways of being and environments
and destroying old ones. With the rise of modernism there was an accel-
eration of the whole pace of life. New forms of corporate power and class
struggle emerged. As Marshall Berman puts it, there were

immense demographic upheavals, severing millions of people
from their ancestral habitats, hurtling them half-way across the
world into new lives; rapid and often cataclysmic urban growth;
systems of mass communication, dynamic in their development,
enveloping and binding together the most diverse people and

11. Ibid., 22.
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societies; increasingly powerful national states, bureaucratically
structured and operated, constantly striving to expand their pow-
ers; mass social movements of people, and peoples, challenging
their political and economic rulers, striving to gain some control
over their lives; finally, bearing and driving all these people and
institutions along an ever-expanding, drastically fluctuating cap-
italist world market.?

But how does engineering fit into all this? Modern engineering, seek-
ing ever more aggressively to make good on the promise of technology,
augmented the know-how typical of the premodern engineering endeavor,
with the know-what of science. The theory and practice, or theoria and
praxis, distinction was brought into sharp relief within the nexus of
forces constituting modernism. Initially, it was practical mathematics that
broke with the purely abstract Platonic kind of mathematics, generating
a more grounded theoria. Also, there arose a new array of measuring
instruments that began to aid the observational scientist. Clocks became
popular and led to a new precision not only in mechanisms but also in
the control and planning of human activities in everyday life. In the sev-
enteenth century the telescope, the thermometer, the vacuum pump, and
the microscope all came into prominence.'? Such sophisticated instruments
led to a new kind of praxis, one based on sound technology. Theoria and
praxis, although they were sharply distinguished in the modern era, actu-
ally became more intimate and intertwined, especially compared to the
very different worlds they had inhabited in ancient and medieval times.
In the premodern era, scientists or natural philosophers had seen little
relationship between their work and the practical business of making or
“engineering” artifacts. But with the dawning of modernism, a wedding
was called for that would unite the purely scientific idea of describing the
world, ideally in a language of mathematics, and the practical processes
of shaping the human environment.

The application of the new science, then, was not only liberating but
also promised to procure the good life. Of course, it was not science, per
se, but rather technology, by virtue of its manipulation of external realities,

12. Marshall Berman, All That Is Solid Melts into Air (New York: Simon and Schuster,
1982), 16.

13. John Lienhard, The Engines of Our Ingenuity (Oxford: Oxford University Press,
2000), 71I.
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which drove that procurement. The new technology, aided by its alliance
with the new science, began to develop into the diverse fields of modern
engineering. Science and modern engineering do not interact so much in
a causal sense, but more in the sense that they share a common ground:
they both derive largely from the human will to master and exploit nature
for the human ends of gaining knowledge or procuring the good life.

Engineering activity profited from science and mathematics initially
as an aid to the practices of planning and building. One of the first dis-
ciplines to embrace the marriage of theory and practice was architec-
ture. When mathematics was joined to masonry toward the end of the
fifteenth century, according to John Lienhard, “a new baroque architec-
ture emerged —one based on exact geometrical methods. Then architects
started using precise intellectual apparatus to design magically spatial
forms: barrel vaults, biased arches, helicoids, and embellished versions of
the medieval trumpet squinch.”'*

Later in the modern era, the incorporation of mathematics and sci-
ence into engineering praxis served the analysis and design processes that
were becoming crucial to the engineering enterprise. Ultimately, the incor-
poration of mathematics and science into engineering was seen as essen-
tial to all authentic engineering practice. That incorporation became
what distinguished the engineer from the technician. The disciplines of
mechanics, thermodynamics, materials science, electromechanics, and
especially today, computer and information sciences, all serve modern
engineering. Mathematics, queen of the sciences, in her applied aspect,
also serves engineering. Today these sciences in the service of engineer-
ing are called engineering sciences. Many were the contributors to the
engineering sciences and to the modern engineering project in general.
One of the first was Leonardo da Vinci.

MODERNS
Leonardo da Vinci (1452-1519) brought the scientific rigor of mathe-
matics to bear on his diverse artistic and practical endeavors. The proto-
type of the Renaissance man, the scope of his endeavors was enormous.

He made contributions in several fields, including sculpture, painting,

14. Ibid., 71-72.
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graphic design, aviation, and machine design. His notebooks are famous
for their exquisite illustrations not only in the realm of the fine arts but
also in the realm of technical structures. As historian Friedrich Klemm
points out, da Vinci’s “familiarity, thanks to the Florentine workshop tra-
dition, with the properties of different substances and the varied possi-
bilities of their utilization in the workshop, and his labours to discover
by experiment simple mathematical laws of nature, all these made him
an engineer in the modern sense.” s

Leonardo suggested that the universe was rational and measurable.
Although most of his works, especially his art, consisted of things that
embellished specific local settings, as was the case with medieval art in
general, as one of the first modern engineers, Leonardo brought mathe-
matical space and time considerations, tending toward universal applica-
bility, to bear on his projects more intensely and consistently than had any
engineer before him. Still, it remained unclear to da Vinci and his con-
temporaries exactly how mathematics was to be applied to nature and
why this application should yield a superior type of knowledge. The work
of Francis Bacon helped to clarify these issues.

Francis Bacon (1561-1626) articulated what da Vinci hinted at in his
works, namely, the importance of the scientific attitude, especially the util-
ity of using science to procure knowledge and the application of that
knowledge to the practical problems of everyday human life. Bacon be-
lieved that human misery was not the will of God but an unnecessary
indignity that science, technology, and rationality could defeat through
the subjugation of nature.

Although Bacon aggressively sought to put theory in the service of prac-
tical human life, theory could not marry practice without each first refin-
ing the other. Before Bacon’s time, the ways of practice were intuited, for
the most part. They were beyond the reach of explicit conceptualization
and were based largely on experience. In the utopia Bacon proposes in
his treatise New Atlantis (1627), mere experience has been replaced by
rigorous experiment and conceptualization. Before Bacon’s time, pure
theory was itself often frivolous, a speculative and unfounded pondering
of imponderables, like endless speculations concerning the distinction
between material and immaterial reality. Bacon advocated clearing the

15. Friedrich Klemm, A History of Western Technology, trans. D. W. Singer (Cambridge:
MIT Press, 1964), 124-25.
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speculative ground to establish a tabula rasa on which the arts and sci-
ences could be reconstituted. W. T. Jones, in his History of Philosophy,
quotes Bacon as saying that a clean slate would be obtained by purging
knowledge “of two sorts of rovers, whereof the one with frivolous dis-
putations, confutations, and verbosities, the other with blind experiments
and auricular traditions and impostures, hath committed so many spoils,
I hope I should bring in industrious observations, grounded conclusions,
and profitable inventions and discoveries.”!¢

Industriousness in applying science to the advancement of the human
condition was Bacon’s central contribution to the modern engineering
project. But even “the patron saint” of the modern engineering enter-
prise put forth ideas that were by no means without controversy. His own
proposals, especially his highly touted inductive method, left much to be
desired, because in his proposals he assumed a notion of substance, pre-
cisely one of those baseless holdovers from the medieval era that he had
condemned. Substance is a rather vague term but can be thought to mean
“essence.” In other words, Bacon set out to study natures or essences, and
developed a method that revealed relations.'” It would take Descartes to
provide not only a clear understanding of substance—in terms of exten-
sion and motion of any body at issue—but also the method proper for
the modern engineering project.

René Descartes not only expressed optimism about science and its
power to describe and explain the world, but also firmly believed that
science would improve the human condition. Descartes and Bacon were
in accord on this. Bacon said what we should do: subjugate nature to
advance the human estate. Descartes showed us how to do it: employ a
rational method in an orderly manner based on clearly stated and dis-
tinct ideas. Bacon was still caught up in the particulars of his lifeworld.
Descartes’s methodology was universal. Bacon’s inductive method began
and ended with concrete particulars. Descartes’s method of abstraction
was, as Borgmann puts it, “the triumph of procedure over substance.”'

The Cartesian method, which privileges science and the scientific world-

view, was exactly what the nascent modern engineering needed in order

16. W. T. Jones, A History of Western Philosophy: Hobbes to Hume, 2nd edition (New
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to give itself legitimacy. The war against nature was already in full swing
with Bacon leading the charge. Borgmann again: “The spirit of domination
was pervasive, yet its works were various and scattered. As the conquests
grew and were consolidated, there was a need for large-scale integration.
Baconian aggressiveness began to require the complement of Cartesian
order.”" The Cartesian method, as it began to be applied within the engi-
neering project, helped to shift engineering from being a tradition-bound
endeavor involving a dispersed set of skills and general rules to being a
scientifically grounded enterprise, on its way to being a respected and hon-
orable profession.

Galileo Galilei (1564-1642) was another key player in the early devel-
opment of the modern engineering project. Though known mostly as a
physicist and astronomer, Galileo was also interested in practical prob-
lems. As founder of the new dynamics, his theoretical work stemmed from
real technical problems. Galileo pursued studies in physics exhibiting a
combination of experimental research and technical applications.? In Gali-
leo’s time, physical science and philosophy were closely tied, and philos-
ophy of the speculative and Aristotelian order provided the starting place
for investigations into the physical world. The problem was that much
speculation was off the mark and a lot of Aristotle’s presuppositions
were flawed. Galileo is credited with providing the definitive separation
of physical science from philosophy. In fact, his writings mark the begin-
ning of a movement that opposed speculative, occult, and metaphysical
philosophy. Instead of continuing to call themselves natural philosophers,
investigators eventually started to refer to themselves as scientists. And
these early scientists had much affinity with the early modern engineers.

The “new” science was far from what we would call a pure science.
Galileo, after securing an academic position at the university in Padua
where he taught from 1592, occupied himself with a diverse set of tech-
nical problems such as fortifications, the technique of water supply, the
mechanism of simple machines, widely usable proportional compasses,
and the testing of materials.2! These highly practical affairs did not in-
volve just know-how in the traditional engineering sense, they were also
served by the know-what of the new scientific concept that physical reality

19. Ibid., 34-35.
20. See Klemm, History of Western Technology, 175.
21. Ibid.
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consists of matter in motion. The dimensions of matter, its velocity, and
its weight, according to W. T. Jones, “were what were measured in physics,
and the result of these measurements showed that its behavior conformed
to simple mathematical ‘laws.” For the qualitative and teleological con-
ception of nature with which men of the Middle Ages had operated, there
was thus substituted a quantitative and mechanical one.”?? These advances
in the scientific concept of reality, to which Galileo was a major contrib-
utor, laid the groundwork for the development of the engineering sci-
ences, which were fundamental to the process of the modern engineering
enterprise.

John Locke (1632-1704) was another major modern personage whose
work impacted the program of modern engineering. When at the dawn
of modernism both church and state began to loose their authority and
came into question as providers of the foundation of the common order,
Locke stepped in to fill the breach by proposing the sovereignty of the
individual as the ultimate source of authority. Unlike the Baconian and
Cartesian bequests to modernity, which were quite straightforward, Lock-
ean individualism has always been a complicated affair.?’> What makes
individualism so complicated is the problem of sociality: how to get the
one to be part of the many. Locke had many solutions to this dilemma,
but none was very satisfying and the concept of individualism has re-
mained to this day fraught with ambiguity. A more or less common order
does exist but, according to Locke, only through an agreement or con-
tract of individuals. The individual always had the last word, the indi-
vidual as both producer and as consumer. The alternative view, more
popular in premodern cultures, was that the collective was primary. Indi-
viduality entailed a separation from the whole and was even sometimes
seen as deviant.

In any event, it is precisely the individual as producer, aggressively chal-
lenging nature to yield her resources, who pushes forward the modern
project.2* The concept of individualism, championed in theory in clear
and distinct terms, though problematic in practice, plays a major role in
the project of modern engineering, as it does in all modern discourse.

22. See Jones, History of Western Philosophy, 115.
23. See Borgmann, Crossing the Postmodern Divide, 37-38.
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THE MODERN ENGINEER

Though the process of modern engineering is my focus in this chapter, I
want to say a few words about modern engineers. They seek to develop
devices, structures, and systems that will advance the human estate. To
do so, they rely on the aggressive subjugation of nature in order to pro-
cure the needed resources. They employ a universal methodology —in a
pragmatic manner —involving abstraction, dissection, reconstruction, and
control. In the process, modern engineers are trained essentially as indi-
viduals. Nevertheless, there is a growing emphasis on team and group work
in engineering education, indicating a shift from individual separateness
to a communal connectivity. But in modern engineering practice, the team
is more an aggregation of individuals temporarily united by a common
purpose, than a community inextricably united by a common being. The
focal engineer, the engineer of the future, as I will show, seeks to work
more on the latter type team.

In order to produce engineers who function effectively within the
culture of modern engineering, engineering education aims to inculcate
in potential engineering students a set of core principles such as those
advanced by Barry Lichter:

1. A concern for the efficiency of practical means;

2. A commitment to concrete problem-solving, constrained to some
necessary degree by time and available resources;

3. The pursuit of optimal technological solutions based on scientific
principles and/or tested technical norms and standards;

4. The pursuit of creative and innovative designs; and

5. The development of new tools for the accomplishment of each of
these.?’

Most of these principles stem from application of Cartesian methodol-
ogy. Such a core presupposes the domination of nature by individuals,
and the principles involved are ultimately aimed at devices, systems, and
structures that serve the individual as consumer.

However, such a morally neutral core fails to address the ethical obli-
gations and responsibilities that make engineering a profession. These

25. Barry Lichter, “Safety and the Culture of Engineering,” in Ethics and Risk Manage-
ment in Engineering, ed. A. Flores (Lanham, Md.: University Press of America, 1989), 214.
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obligations and responsibilities are typically incorporated in codes of
ethics. Among other things, such codes exhort engineers to heed the health,
safety, and welfare of the general public. But, as Lichter maintains, “such
codes have a low visibility in the engineering community, and there is
little evidence that they significantly affect either engineering practice or
education.”?¢

Now I will look further at the process of the modern engineering enter-
prise. I will concern myself with these essential features: engineering sci-
ence, which serves the process of engineering; engineering design, which
exemplifies the process; and engineering professionalism, which distin-
guishes the process.

ENGINEERING SCIENCE

Engineering science, which includes some natural science and mathemat-
ics, as well as disciplines like circuit analysis based on fundamental sci-
entific principles, serves the process of engineering in manifold ways.
Practicing engineers use mathematics almost everywhere, for example, in
sizing up maximum loads for trusses, in calculating liquid flow into pipes,
in figuring out the power delivered to a load. What is rather amazing is
the fact that, in spite of the complexity essential to many of the engineer-
ing sciences, the mathematics usually reduces to basic algebra. The diffi-
culty lies in setting up the problem and applying the proper principles
and procedures. For example, in analyzing an electrical circuit, to arrive
at the point of having only a simple algebra problem to solve, you must
understand Ohm’s law, know what the passive sign convention is, write
proper nodal or mesh equations, and simplify them. Then, in some cases,
you need to transform the resulting equations via a method like Laplace
Transformation. If and only if all these steps have been completed prop-
erly, will you arrive at a simple algebra problem to solve.

At the core of engineering science is scientific research in the field of
engineering with the aim of inventing or discovering new ideas or laws
that will add to the storehouse of engineering science knowledge. When
doing engineering research, there is, or ought to be, an eye out for possible
applications to actual engineering practice, typically design. The design

26. Ibid., 215.
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problem, in fact, often provides the motivation and direction for the pur-
suit of engineering research. Imagine a team of controls engineers assigned
the task of designing a control device employing a neural-net self-tuning
algorithm. They research the literature and find the latest procedures,
then they adapt one to their needs. In the process, they invent a way to
perform a function in half the time it takes in the state of the art meth-
ods currently available in the literature.

Engineering research, then, is never conducted in pursuit of knowl-
edge for its own sake, but always in the service of actual or possible engi-
neering practice. Theory and practice as separate ventures, of course, have
no place in the modern engineering enterprise. David F. Channell’s essay
about W.J.M. Rankine provides an interesting illustration of this fact.
Rankine, a champion of harmonizing theory and practice, was one of the
leading figures in the creation of the engineering sciences. He was a pro-
fessor at the University of Glasgow between 1855 and 1872. During the
1860s the engineering community was split over the question of when to
cut off the supply of steam in a steam engine. One approach was to apply
scientific laws directly to the problem. The other was to employ traditional
technology and rules of thumb. Rankine “argued for the creation of an
intermediate mode of knowledge, to be developed within the University.”?”

By merging theory and practice, Rankine moved forward the develop-
ment of the engineering sciences of thermodynamics and applied mechan-
ics. Rankine recognized that both the properties of steam and the creation
and disappearance of a state of heat in that steam were crucial phenom-
ena in the workings of a steam engine. In such a system the laws of heat
relied on formal theoretical concepts and an understanding of the prop-
erties of steam relied on practical experimental data. By marrying theory
and practice, Rankine was actually enacting the program proposed by
Francis Bacon three centuries earlier.

Engineering sciences working within the theory/practice marriage incor-
porate various ways of knowing. Mitcham has distinguished four separate
types of technology-as-knowledge, which are applicable to engineering
science. The engineering scientist embodies these ways of knowing, which
Mitcham calls (1) sensorimotor skills; (2) technical maxims, rules of
thumb, or recipes; (3) descriptive laws or technological rules (which for

27. David E. Channell, “The Harmony of Theory and Practice: The Engineering Science
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engineering typically are descriptive regularities or engineering laws of
the form: if A, then B); and (4) technological theories.?

To do engineering science is to employ some or all of these ways of
knowing, implicitly or explicitly focused on and adapted to particular
problems. Sensorimotor skills or technemes, as they are sometimes called,
often involve unconscious awareness, or feelings, which may not even be
considered knowing or a part of engineering science. Yet, according to
Michael Polanyi, this “tacit dimension” is an integral part of all forms of
knowing.? This subsidiary tacit dimension includes a number of senso-
rimotor skills involved in making and using. These skills, acquired by
intuition, trial and error learning, or apprenticeships of various sorts,
constitute a preconscious knowing-how as opposed to a more cognitive
knowing-that or knowing-what. For example, when using an oscillo-
scope, an engineer has a tacit sensorimotor awareness of the intricacies
of the machine while focusing on what it is being used for: observation,
say, of the relative time delay exhibited by the voltages across two circuit
elements connected in series. In tacit knowing, which lies more toward
the feeling end of the thinking/feeling spectrum, we attend from elements
of which we are subsidiarily aware in order to attend to something of
which we are focally aware. Throughout his work Polanyi has elaborated
the structure of tacit knowing in considerable detail.?

Tacit knowing is operative in an implicit way in the other forms of
knowing within engineering science: maxims, laws, rules, and theorems.
An example of an engineering theorem is Thevenin’s Theorem from the
discipline of circuit theory in electrical engineering. Thevenin’s Theorem
makes it possible to reduce any electrical circuit, regardless of its complex-
ity, to a single voltage source in series with a single impedance. The the-
orem itself relies on various voltage and current laws and the physical
law of conservation of energy.

An example of descriptive regularities or engineering laws of the “if
A, then B” form is found in the part of Artificial Intelligence known as
expert systems. An expert system, which is a computer program using
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conceptually represented domain-specific knowledge to solve problems
with a competence close to that of a human expert, consists of a number
of these kinds of laws. Knowledge acquisition for expert system devel-
opment, involving the representation of a large body of knowledge in a
precise set of rules usually of the “if A, then B” form, is the task of the
knowledge engineer.’! These gathered rules are considered empirical laws
and are usually arrived at through extensive interviewing and observa-
tion of an expert in a particular field of specialization. The knowledge
engineer then orders the laws into an algorithm that can perform the same
operations that the expert performs.

As an example of an engineering maxim or rule of thumb, consider a
very old maxim from the eighteenth-century British engineer John Smeaton
quoted in a paper by Edwin T. Layton: “In a given undershot wheel, if
the aperature whence the water flows be given, the effect is as the cube
of the velocity.”3? These kinds of maxims are attempts to articulate gen-
eralizations about certain engineering phenomena. Maxims and descrip-
tive laws are both empirical and tend to shade into each other. Maxims
are closer to the concrete world from which they derive, while descrip-
tive laws are closer to a theoretical framework, but they are not exactly
scientific because the necessary conceptual framework from which the
law could be derived is not yet explicit.??

A rather exhaustive and authoritative list of the engineering science
disciplines that encompass the various ways of knowing is provided in
the Handbook of the Engineering Sciences, edited by James H. Potter.
Engineering sciences

include what are called the basic engineering sciences (mathemat-
ics, physics, chemistry, graphics, statistics, theory of experiments,
and mechanics) and the applied engineering sciences (thermal phe-
nomena, heat and mass transfer, electrical energy conversion,
turbomachinery, nuclear reactor engineering, aeronautics and

31. E. A. Feigenbaum, Knowledge Engineering: The Applied Side of Artificial Intelli-
gence, Report STAN-CS-80-812 (Department of Computer Science, Stanford University),
1980. “Knowledge engineering” is an expression popularized by Feigenbaum, who was an
early researcher in the field of expert systems.
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33. Carl Mitcham, “Types of Technology,” Research in Philosophy and Technology t
(1978): 256.
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astronautics, field theory, electromechanical energy conversion,
physical electronics, electronic circuits, system dynamics, mate-
rials science, machine elements, control systems, operations re-
search, information retrieval, preparation of reports, computers.)>*

Fundamental to many of these disciplines are experimental practices and
processes of forecasting and prediction. In distinguishing these in science
and engineering, Mario Bunge maintains that scientific prediction is a
means for confirmation of a scientific theory, while engineering forecast-
ing, by suggesting how to influence circumstances, is a means of control.?
As far as experiments are concerned, the scientific experiment aims at
testing the truth of some theory, while the engineering experiment aims
at testing for effectiveness. Of course, the notion of effectiveness of an
engineering experiment can vary widely depending on context.

A sharper view of the distinction between engineering science and nat-
ural science can be exhibited by comparing how engineering and physics
treat problems in thermodynamics. Thermodynamics is usually taught both
in physics departments and in mechanical engineering departments. On
the one hand, physics thermodynamics covers topics like enthalpy, local
entropy production, isothermal processes, equilibrium in homogeneous
systems, heat conduction in anisotropic media, and the Gibbs-Duhem
Equation. On the other hand, engineering thermodynamics covers com-
bustion, fuels, furnaces, compressors, steam power cycles, flow in noz-
zles, steam turbines, gas compressors, refrigeration, air conditioning, and
internal combustion engines. Note that the physics topics are more abstract
than the engineering topics and are not directly related to specific arti-
facts like turbines and engines.

The engineer, unlike the physicist, is tied to a number of real-world
constraints. Engineers are paid by their employers to design and produce
useful artifacts. The constraint of the bottom line holds whether engi-
neers base their analyses on thermodynamics or fluid mechanics. In addi-
tion, the problems that arise often present serious conceptual difficulties
that complicate the analysis and allow only overall simplified results.
Though the devil may hide in the details, overall results may often be

34. James H. Potter, ed., Handbook of the Engineering Sciences (Princeton, N.J.: Van
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sufficient. The more detailed approach of the physicist would only waste
time and money, the critical constraints of modern engineers.
Engineering science is put into play within a realm of applied knowl-
edge. It includes applied science as well as various kinds of conceptualized
practices, which are applied as maxims or descriptive regularities. Engi-
neering science is concerned with artifacts, whereas natural science is con-
cerned with nature. Layton shows how engineering science grew not only
out of science but also out of heuristic technical practice. By the end of
the nineteenth century, the engineering sciences consisted of a complex
and integrated system of knowledge, spanning the gamut from highly
abstract sciences to collections of procedures collected in various engi-
neering handbooks. Some engineering sciences, like the strength of mate-
rials and hydraulics, were based directly on science and were often seen
as branches of physics, whereas others, such as the kinematics of mecha-
nisms, according to Layton, evolved from engineering practice. “In either
case, their development involved the adoption by engineers of the theo-
retical and experimental methods of science, along with many of the val-
ues and institutions associated with their use. By 1900 the point of origin
made little difference; the engineering sciences constituted a unity.”3¢

ENGINEERING DESIGN

Engineering sciences serve engineering design processes. Engineering de-
sign is concerned with real working devices, structures, organisms, net-
works, and systems. These are the complex products that result from the
processes of engineering. But the notion of design I am emphasizing here
refers to the process and not so much to the outcome, which I discuss later
in the book. Engineering sciences such as electrical circuit analysis or
solid mechanics deal with idealized versions of these engineered products
(although less idealized than physics). Design, engineering science, and
basic sciences like physics represent a hierarchy of progressive abstraction
connecting the world of engineered artifacts to the ideal world of theo-
retical physics.3”

Design, then, is connected with science. But it also involves art. In the

36. See Layton, “Mirror-Image Twins,” 567—-68.

37. Edwin T. Layton, “American Ideologies of Science and Engineering,” Technology
and Culture 17, no. 4 (October 1976): 695.
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premodern era, art and technology were not distinct categories; people
spoke of the art of farming, the art of medicine, the art of building. In
the modern era, art and science or technology have become specialized
into their separate sectors of concern and cease to have much to do with
each other. Yet a legacy remains. Layton insists that

design might well be considered a science, and engineers some-
times so treat it, but it is also clearly a matter of art as well. In-
deed, it is the oldest part of engineering knowledge to be recorded;
the early engineering and machine books are in the nature of
portfolios of design, and there is a deep kinship between engi-
neering design and art, running back to the artist-engineers of the
Renaissance and earlier. The natural units of study of engineer-
ing design resemble the iconographic themes of the art historian.
It is no accident that some of the best work on the history of
engineering design has been done by historians of art, architec-
ture, and building.38

Art in the finished product that results from engineering design is a
certain aesthetic quality of appearance in the product. But this element
nowadays is for the most part controlled by the advertising industry and
moves to the periphery of engineering. Another sense of art, art within
the design process, becomes synonymous with the elements of intuition,
inspiration, and creativity. An essential aspect of the profession of engi-
neering is the creative activity. Samuel Florman maintains that regardless
of the dimension of the engineering design task, whether performed in a
team or by an individual working alone, from the ordinary to the inge-
nious, engineers have some opportunity to create. The creative aspect of
the design process is the primary task of the professional design engineer.?

But despite kinship with art and the obvious essential creative element
in design, in the more modern treatment of engineering, stimulated by
advances in systems analysis, there has arisen a rather vigorous attempt
to reduce design to a mathematical science.** In the premodern era,
design was primarily intuitive, grounded in the lifeworld of everyday

38. Ibid., 698.

39. Samuel C. Florman, The Existential Pleasures of Engineering (New York: St. Martin
Press, 1976), 142.
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involvements. Moving into the modern era, the abstraction out of the con-
crete lifeworld gave engineering in general and design in particular a more
abstract flavor. The attempt to rationalize and systemize the nonrational,
unconscious, intuitive elements in the modern engineering design pro-
cess—which was initiated in the nineteenth century—has been called by
Alfred North Whitehead the “invention of invention,”*! the invention of
the method of invention. In his opinion, in order to understand our mod-
ern era, with this new method that entered into life, we should neglect
all the details and consequences of change and concentrate on the method
itself, the real novelty, which has deconstructed the foundations of the
old civilization.*

Now, Whitehead’s dream has never come true and probably never will.
Still, at the core of technology, as Mitcham points out, there exists a
desire to transform the heuristics of technique—problem-solving strate-
gies that reveal solutions without the need to test all possibilities—into
algorithms of practice—problem-solving methods that exhaust all possi-
ble operations and guarantee a solution if one is possible.*> The tension
between heuristics and algorithms is intimately connected with the nature
of the ultimate phenomena of matter and energy. Consider the proposal
of the mathematician Pierre-Simon Laplace (1749-1827), who insisted
that if he were given a complete description of matter and motion at some
point in time he could deduce the remainder of the world. Restated tech-
nologically, Laplace’s postulate might read something like: if we were given
a total description of matter and energy at some initial time, we would
be able to construct anything we desire. However, Mitcham warns that
Heisenberg’s uncertainty principle and other aspects of quantum mechan-
ics, as well as contemporary ecological problems, raise fundamental ques-
tions about the feasibility of Laplace’s postulate and its technological
extension.

Actual engineering design typically employs both heuristics and algo-
rithms. It may involve engineering science or it may not. It may involve
natural science and mathematics or it may not. It certainly involves a non-
reducible element of creativity to varying degrees. Another characteristic
that seems pertinent, not only to the design process, but to all engineering

41. Alfred North Whitehead, Science and the Modern World (New York: The Free Press,
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processes, is a basic intention or will toward efficiency. In ordinary lan-
guage efficiency means effectiveness. But we must ask, What kind of effi-
ciency are we talking about? And what is this efficiency for? Henryk
Skolimowski gives some examples. He argues that “efficiency in survey-
ing is accuracy of measurement; in civil engineering it is durability of
structures; in mechanical engineering it comes out as the mathematical
ratio of physical energy output over physical energy input, with mechan-
ical engineering always striving for a value of one.”*

However, Skolimowski’s views concerning efficiency are not without
controversy. He insists there are patterns of thinking in engineering that
are specific to each branch of engineering and independent of contextual
considerations. I. C. Jarvie points out that the aim of efficiency for civil
engineers is not necessarily durability of structures: “The engineers who
devised the Bailey Bridge and the pontoon bridge were given civil engi-
neering problems in which speed of construction was far more important
than durability.”# The fact is that deliberations in the social lifeworld can
affect the notion of engineering efficiency, even though the de-worlding
of the modern engineering project was supposed to disconnect engineer-
ing from these contingencies. Mitcham suggests another problem with
Skolimowski: he fails to properly distinguish efficiency and efficacy. “The
two terms are not interchangeable, as they are often treated, nor is effi-
ciency ‘a measure of effectiveness.” A less efficient but more powerful bomb
could easily be more effective than a more efficient but less powerful
one.”* Both notions of efficiency and efficacy take their full measure only
out of the conversation of the lifeworld. Lacking a full measure, we often
make do with solutions that are satisfactory but imperfect. At this stage,
our discussion of engineering design points toward the conversations in-
herent within engineering professionalism and beyond that, not only to
the problem of the eventual and irretrievable engineering impact on the
human lifeworld, but also to the problem of how conversations among
citizens of the lifeworld help shape the engineering design process.

44. Henryk Skolimowski, “The Structure of Thinking in Technology,” in Philosophy and
Technology, ed. Carl Mitcham and Robert Mackey (New York: The Free Press, 1972),
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One approach to design that highlights efficiency and also gives reign
to the creative aspect of design comes from the Polish school of praxiol-
ogy, which I mentioned earlier. Praxiology takes as its task the develop-
ment of a science of efficient action. It views design as a specific type of
efficient action. The work of W. Gasparski has been instrumental in the
adaptation of praxiological design theory to engineering design. He has
combined heuristic and algorithmic methods into a hybrid design model.
Using this method the individual designer can influence creative control
over the numerous subtasks involved. The analytical aspects of separat-
ing a task into its constituent parts or elements to form subtasks can be
reduced to algorithms. This is where computer-aided design (CAD) is be-
ginning to play an ever-expanding role. But the synthetic design aspect of
putting parts or elements together into a plan, scheme, or outline requires
human creativity. Design, as the old engineering adage goes, is always
more than analysis. And what exactly is design? Gasparski provides one
of the simplest definitions of the design process: design is the procedure
intended conceptually to prepare a change.*” The MIT Committee on
Engineering Design goes into a bit more detail: “Engineering design is the
process of applying the various techniques and scientific principles for
the purposes of defining a device, a process or a system in sufficient detail
to permit its physical realization.”* Or as T. T. Woodson puts it, engi-
neering design is “an iterative decision-making activity to produce the
plans by which resources are converted, preferably optimally, into systems
or devices to meet human needs.”* Most generally speaking, the process
of design requires a human being interacting with the world for a par-
ticular purpose. If that world is unsatisfactory, design aims to make avail-
able to it a product or products that make the world satisfactory. Design
makes the unavailable available.

G. L. Glegg identifies three typical departments in a company devoted
to engineering design. The project department is responsible for new ideas.
The development department clothes these ideas with mechanisms. The
production department—if the mechanism proves successful —takes over
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to refine and streamline.’® He maintains that these three categories of
industrial organization broadly correspond to the three types of engineer-
ing design thinking: the inventive, the artistic, and the rational. Their in-
tegration is intrinsic to the process of engineering design. The inventive,
by itself, however, is often contrasted with design. Mitcham argues that
“invention refers to a process which proceeds by nonrational, unconscious,
intuitive, or even accidental means. Invention is, as it were, accidental
design—and as such highlights the element of insight which plays an im-
portant role even in highly systematized design.”’!

Now, engineering design does not just begin spontaneously. It must be
activated by needs or desires, which are typically entangled in the life-
world and wrapped up with environmental and other concerns. It is gen-
erally agreed that engineering design is a multistage process involving
iteration and feedback to and from the stages. It starts with a need or
desire, draws on available resources, and after several stages like problem
formulation, negotiation of constraints, employment of standard forms,
generation of possible solutions, optimization, and so on, yields a design
that—via a production process, which itself may require an extensive
design effort—brings forth a system, device, structure, network, or organ-
ism that meets the given need or desire. There are several graphical depic-
tions of iterative design schemata available in the literature.

I offer two cases to illustrate the design process. One involved a min-
imal amount of engineering science, and the other a great deal of engi-
neering science. Vincenti provides the first example: “In the early 1930’
most metal airplanes of American origin were held together by rivets with
dome-shaped heads protruding beyond the external surface of the aircraft.
A decade later almost all such airplanes had rivets flush with the sur-
face.”’2 Why and how did such a change take place? Obviously it con-
stituted an advance in aircraft design. The new design was an important
development in the aircraft industry, an industry that was depending more
and more on engineering science. Yet, the new design proceeded with
hardly any engineering science in the modern sense. Heuristic knowledge
and commonsense skills involving trial and error or simple parameter vari-
ations were involved in gradually changing the routine design to eliminate
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protruding rivets and replace them with rivets which were flush with the
surface. New production techniques were devised and allowable strengths
of metals were empirically determined. Yet, as Vincenti points out, “no
scientific theorems were called for, and few mathematical equations ap-
peared in the articles and reports, and then only for elementary engineer-
ing calculations. A good deal of analytical thinking was evident, but such
thinking is not solely a province of science. One looks in vain in the story
of flush riveting for anything that could seriously be identified as scien-
tific activity.”*3

As another example, consider the design of an autopilot feedback con-
trol system that employs a very conceptual and abstract engineering design
methodology based on optimization theory. In this type of design, we
assume the model of the system, consisting of the dynamics of the aircraft
to be controlled, is represented by a set of differential equations. The goals
of the design are defined by a value function, which is to be maximized.
It is usually an integral or summation function of variables internal and
external to the system. The goal might be to achieve maximal comfort
for air passengers by minimizing sudden changes in altitude. The dynam-
ics of the model constrains the maximization of the value function, and
there may also be additional constraints on other variables. The optimiza-
tion problem, according to Herbert A. Simon, one of the early pioneers
in the application of optimization theory, is to find an admissible set of
values of the control variables, compatible with the constraints, which
maximize the value function.’* These kinds of design problems are almost
entirely mathematical. A very extensive literature has developed in the
past fifty years in mathematical optimization theory covering in detail the
best approaches to these kinds of design problems as well as a large vari-
ety of related problems.

Both of these kinds of design should be familiar to most engineers, even
if these engineers are not “design engineers” per se. Design is more and
more being emphasized in engineering education, even though the major-
ity of course work is still focused on the engineering sciences. One issue
that often gets shortchanged in most engineering programs is the relation
of design to the lifeworld. Design is viewed as a process, as we have
stressed in the preceding discussion, and that process can affect and be
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affected by the human lifeworld. Most engineers, since they have contact
with the real world, know that only in the ideal case can the engineering
design process be considered to be context-free.

ENGINEERING PROFESSIONALISM

The processes of modern engineering, at least in the last one hundred years
or so, are or ought to be carried out in a professional manner. That means
that modern engineers should hold themselves to standards that exceed
what the law, the market, and ordinary morality might demand.’* What
is this disposition of professionalism that is or ought to be intrinsic to all
practices of modern engineering? What does it mean to have a profes-
sional disposition toward one’s engineering work?

In 1980, George Sinclair lamented the decline in engineering profes-
sionalism, claiming that modern graduates from engineering schools were
receiving an excellent background in engineering science, but virtually no
training in how to perform as professionals in the field of engineering.5
Sinclair’s lament still rings true a quarter of a century later. In spite of
tremendous advances in engineering education, not much has changed as
far as inculcating a disposition of professionalism is concerned. Since class-
room teaching in university settings is typically set up to convey informa-
tion of the clear and distinct variety, engineering science is normally well
covered, engineering design less well covered, and engineering profession-
alism hardly covered at all. Though engineering professionalism certainly
contains distinct features, it seems to be more of an attitude than an eas-
ily conveyable body of information. The proper approach for university
education might be to teach professionalism not in a separate course, but
rather to integrate into already existing courses a concern for the ele-
ments of professionalism.

According to Robert Perrucci and Joel Gerstl the four essential dimen-
sions of any profession are knowledge, autonomy, obligation, and com-
mitment.’” These are not just features that are present or absent in a
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given activity aiming to be a profession. They are variables whose value
or measure depends on circumstances.

Concerning knowledge, modern notions of engineering professionalism
advocate a solid general education program along with a need for broad-
based, hands-on technical knowledge as well as the specialized focused
knowledge of one’s discipline.

Concerning autonomy in engineering, though engineers are protective
regarding the integrity of their personal expertise, the modern engineer-
ing practice is increasingly a group enterprise. Identification with a group
makes the profession of engineering different from most other professions.
The individual engineer’s autonomy tends to be transferred to a group that
is typically further integrated into the business aims of the company. As
Layton puts it, “The role of the engineer represents a patchwork of com-
promises between professional ideals and business demands.”?8

The dedication and commitment of the professional engineer points
to the connectivity of engineers to each other and to their profession. The
dedication and commitment of the professional engineer provides the point
of departure from which issues in engineering ethics can be brought into
relief. The first ethical issue of serious concern that the professional engi-
neer may have to face entails the dual obligation to society and to clients.
The client may be an individual but is most often the company for whom
the engineer works. Does society take precedent over the client or vice
versa? This issue has been widely debated in the arena of professional engi-
neering ethics. Is it true that the primary responsibility of a professional
engineer is to the client and not to society, and that whistle blowing is in-
compatible with engineering professionalism? These are important issues
and deserve the attention of all engineers. Today in the twenty-first century
there is a general sense that an engineer’s primary responsibility is to soci-
ety and that whistle-blowing is permissible, though only in very complex
conflict situations. Charles Harris, Michael Pritchard, and Michael Rabins
discuss criteria that might be useful for determining when whistle-blowing
is appropriate.®® The mutual linkages among industry, academia, and gov-
ernment lead to a certain consistency of obligation and commitment of
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behavior within the structures of these organizations. Yet society forms
the context or backdrop against which these organizations function, and
the needs of society may be at odds with the desires of the client.

Codes of ethics, among other things, indicate how the engineering pro-
fessional is supposed to relate to society. Codes will be looked at more
extensively in the next chapter when I investigate process ethics, the kind
of ethics appropriate to the modern engineering enterprise. Here is Deb-
orah Johnson’s take on codes of engineering ethics:

Codes may be seen as statements to the public of a commitment
to behave in ways that promote social goods and do not harm
individuals or society. They may be aimed at providing guidance
to members of the profession or as a sensitizing or socializing
device. As well, they may be a mechanism for protecting engi-
neers against employers; that is, an engineer might point to a pro-
fessional code to support his or her refusal to do something an
employer has requested. In any case, a review of the codes of
professional conduct suggests that engineers have responsibili-
ties to society, employers, clients, and their profession.®®

The disposition of professionalism, in accord with the dimensions of
knowledge, autonomy, obligation, and commitment, as I have mentioned,
can be encouraged by a strong program in basic engineering and a solid
broadly based education in the liberal arts. It would also be essential to
take to heart one’s engineering code of ethics and to acquaint oneself with
some of the specific problems of engineering ethics that might arise in one’s
field of expertise. Investigate for instance case studies, which are widely
available in textbooks and on the Internet. Developing some sense of inde-
pendent thought or autonomy, even though it is invariably transformed by
dialogue with other minds, is important to the disposition of professional-
ism. Equally important is a satisfaction in one’s work and a commitment
to it as well as a commitment and obligation to clients, colleagues, and to
the public in the human lifeworld. That same lifeworld contextualizes the
engineering enterprise. And the engineering enterprise, in turn, produces

60. Deborah G. Johnson, “Engineering Ethics,” in The New Engineer’s Guide to
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engineered products, devices, systems, and procedures that will eventually
impinge upon and no doubt colonize that lifeworld in a variety of ways.

CONCLUSIONS

The process of modern engineering is a series of progressive and inter-
dependent steps that result in a designed product or at least in the design
itself. The product might be a tangible artifact like a system, device, net-
work, structure, or organism, or the less tangible plans whereby one of
these is to be produced. Engineering design lies at the heart of the process
of modern engineering. However, early in the modern era, the engineer-
ing sciences began to be developed and increasingly came to inform the
process of modern engineering. Modern engineering relies on engineer-
ing science, so much so that in contemporary times engineering practice
that does not rely on the engineering sciences to some extent is viewed
as craftwork or premodern engineering, not modern engineering.

The third primary element that characterizes the process of modern
engineering, along with engineering design and engineering science, is
engineering professionalism. The professional spirit that guides the pro-
cess of modern engineering pervades the entire modern engineering enter-
prise, including engineer, engineering, and the engineered. As far as the
person is concerned, the focus of Part II, a professional character is indi-
cated by a committed and caring attitude that includes honesty and objec-
tivity. As far as the process is concerned, the focus of Part I, a professional
design is indicated by a disposition that strives for a high level of techni-
cal excellence and is attuned to one’s professional code of ethics. As far
as the product is concerned, the focus of Part III, a professional attainment
is indicated by the creation of products that meet the needs of the cus-
tomer and that harmonize with potential end-users and their lifeworlds.



TWO

PROCESS ETHICS

In this chapter, I discuss the ethics of the modern engineering process.
Concern with professionalism mandates an ethical component within the
enterprise of engineering. Most professions, engineering included, address
that mandate via the institution of codes of ethics. In the previous chap-
ter, I considered engineering professionalism from the perspective of Per-
rucci and Gerstl’s four dimensions of knowledge, autonomy, obligation,
and commitment. It is specifically the dimension of obligation that cre-
ates the tie between the process of engineering and the social lifeworld.
Professions are obliged to serve the common good.

As T discussed in the previous chapter, on the one hand, within the field
of modern engineering, decontextualized procedures tend to predominate,
but on the other, the thrust of professionalization within the enterprise
connects engineering processes to the human lifeworld. When engineers
ignore context, their engineering processes can run along smoothly, sim-
ply, in an almost algorithmic fashion. And sometimes that does no harm.
But as professionals we know reality is more complex. In fact, immersed
within it we encounter the ambiguity —specifically with regard to the
extent to which we need to factor contextualizations into our engineer-
ing practice—which heightens the interest and challenge inherent in the
work of the engineer. Broadly put, disconnection or de-worlding, at least
in theory, has constituted an integral feature of engineering since the dawn
of the modern era. Connections or contextualizations, though still a fact
of life within modern engineering, played a larger role in the premodern
engineering endeavor and will again play a significant role within the
focal engineering venture. But within the modern engineering enterprise,
practice often proceeds by trying to sidestep context. A concern for envi-
ronmentalism, for example, is typically reduced to satisfying minimal Epa
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guidelines, which do not require an engagement with deep ecology or
any kind of holistic environmental thinking. Still, we know that connec-
tions, like the impact of engineered products on the human lifeworld, do
exist, and within the professional nature of the engineering enterprise is
where they must be dealt with.

The duties, rights, and obligations of the engineer are summarized in
codes of ethics. The cynic would contend that if one is truly honest and
responsible, then one has no need for a code of ethics, and if one really
needs a code of ethics, it would not do one any good anyway.! Then there
is also the opinion that codes of ethics include a hodgepodge of consid-
erations, like matters of etiquette, moral ideals, and duties. Often also they
have been used if not intended to protect professional privilege.? However,
I will affirm the positive contribution of codes of ethics to the develop-
ment of engineering professionalism, stressing the entrenched professional
paradigm, which specifies the primacy of responsibility to society. Each
branch of engineering has a code, and these codes are all very similar.
These codes are primarily based on process ethics of the deontological
and utilitarian varieties, though there are also elements of virtue ethics
involved, as well as other types of ethical systems.

The realm of theoretical and universal ethical judgments is distinguished
from the realm of the more everyday concrete particular ethical judgments.
The latter are usually based on the character of the individuals involved
and will be stressed in Part II. The philosophy of Immanuel Kant can
provide a foundation for the realm of universal ethical judgments, within
which the idea of duty stemming from pure reason is paramount. Con-
sequentialism is another ethical theory that is at home in the realm of
universal ethical judgments. Utilitarianism is the most familiar form of
consequentialism. I will look at both the Kantian and the consequential-
ist conceptual schemes and their applicability to engineering ethics.

In addition, I will consider the aims of process ethics. I suggest the aims
of health and safety, environmental sustainability, and social justice and
will look at specific examples of engineering practice reaching or failing to
reach those goals. These examples will ground the discussion and give con-
tent to otherwise abstract ethical methodologies. Deliberations within the

1. John Ladd, “Collective and Individual Moral Responsibility in Engineering: Some
Questions,” 1EEE Technology and Society Magazine 1, no. 2 (June 1982): 3.

2. Vivian Weil, “Action and Responsibility in the Engineering Profession,” Center for
the Study of Ethics in the Professions Occasional Papers, no. 2 (August 1979): 9.
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realm of theoretical and conceptual ethical discourse are empty without
a grounding in the concrete realm of real-world engineering practice, just
as deliberations within the realm of praxis need the guidance provided by
concepts generated from within the conceptual realm.

PROFESSIONALISM AGAIN

A problem of the engineer in attaining recognition as a professional by
society has historically centered around the issue of social responsibility.
Edwin T. Layton, in tracing the rise of American communities of scien-
tists and engineers, points out some problems the field of engineering had
in achieving professional stature. The scientific community was striving
for disinterested knowledge, while the engineering community aimed at
altering the world in certain ways and not others, in the service of the
interests of its employers and clients. Scientists who worked primarily in
academia were generally less beholden to government and industry. As
Layton showed, the engineers who enjoyed independence like the scientists
usually lacked necessary prestige to lead their profession. “This had the
practical effect of giving the control of the engineering profession to men
who were linked by ties of self-interest to those who were using, and in
some cases, misusing technology.”? Nevertheless, over time, the idea of a
disinterested science has faded, as the interests of science come to match
the technological interests of industry and the government. Today, instead
of science as such or technology as such, we often speak of technoscience.

In the early days of the profession, the rank-and-file engineer was not
considered a professional in the service of society because of this need to
serve the corporate whim. This attitude, though mitigated, still exists,
although circumstances have changed considerably. Today, for one thing,
the corporation is more socially responsible. This is largely due to an
expanded awareness on the part of society, which now insists that cor-
porations play by the rules. That includes an appeal that government en-
force laws currently on the books. Consumer advocacy, for instance, has
demanded the engineering profession be accountable for its actions as
well. Also, today academia is more dependent on industry and govern-
ment than in the past. Most academics and their institutions today could
not survive without the grants they receive from government and industry.

3. Layton, “Mirror-Image Twins,” 579.
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Engineering schools, in turn, recognize their obligation to graduate stu-
dents who are properly prepared for work in the world of industry. Within
the complex web of these interactions, what often gets overlooked is the
leadership and vision that engineering schools are supposed to provide
for the industries they serve. To be socially responsible, engineers should
be taught, like medical doctors, to “first do no harm.” Then by working
through their professional societies, and by acquiring a broad-based gen-
eral education employing critical academic skills, students can learn to be
leaders and help shape a vision of a better world. Amplifying the dimen-
sion of social responsibility would no doubt go a long way toward aug-
menting the professional status of all engineers.

Other views of professionalism, which focus more directly on engi-
neering professionalism, are provided by Robert G. Sargent and Charles A.
Pratt.* Sargent believes that the two most important ingredients for engi-
neering professionalism are ethics and competence.’ Pratt believes educa-
tion in a specialized field of endeavor and in the liberal arts and sciences
as well as guidance by a recognized and well-publicized code of ethics
and some form of certification are sufficient.® These views are in essential
agreement when we recognize that certification assumes a certain level of
competency, which is generally acquired in academia. Many branches of
engineering have forms of certification that require the candidate pass an
examination or have a degree from an accredited school of engineering.
The main issues seem to reduce to ethics and education, with the former
being the focus of this chapter.

Ethics in engineering presents a tangled complex of problems. Chief
among these is the issue of social responsibility. Though codes of ethics
are proliferating among the various branches of engineering, ethical prob-
lems seem to be proliferating as well. The Institute of Electrical and Elec-
tronic Engineers (IEEE) provides a code that members are encouraged to
follow. According to the IEEE code, and like most other engineering codes,
the engineer, among other things, should be protective of the safety, health,
and welfare of the public. But codes of ethics, it seems, can only provide
general guidelines; solutions to actual ethical problems can only come
from conversations among actual human beings.

4. Robert G. Sargent, Charles A. Pratt, et al., “Ingredients of Professionalism: A Panel
Discussion,” Proceedings of the 1985 Summer Computer Simulation Conference, July 1985.

5. Ibid., 170.

6. Ibid., T71.
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What often makes ethical problems seem intractable is the inadequacy
that many engineers feel regarding ethical issues even when armed with
a code of ethics. As pawns in the game of corporate whim, many engi-
neers feel that they are powerless. Though “powerless” may be a bit of
an overstatement, at times engineers may feel caught in a maelstrom,” to
use philosopher John Ladd’s expression, and think they can do little about
a situation that they deplore. As W. M. Evan puts it:

One reason for the widespread neglect on the part of engineers
of the problem of social responsibility for technological change
is the difficulty of accepting responsibility for events over which
they exercise virtually no control. As salaried employees perform-
ing, in the main, a staff function, engineers are rarely in a position
of making policy decisions concerning the wisdom of develop-
ing or not developing a new engineering product, or concerning
what, if any action, might be taken to counteract its potential or
actual negative social effects.®

The end-use of a product is the purpose to which it is to be put. In his
discussion of end use in engineering, C. Thomas Rogers maintains that,
for the most part, when engineers discuss it, their critique is rather rudi-
mentary, because generally the engineer is involved with enabling clients to
achieve their objectives within technical and other constraints. In point of
fact, whether they like it or not, engineers are often means to others’ ends.’

To be more than a functionary, the professional engineer must assume
some responsibility for the end-use problem, particularly those problems
where ethical issues are at stake. Weapons work comes immediately to
mind. What about the ethics of the atomic or hydrogen or cluster bombs?
What about land mines? Land mines keep on killing long after the rea-
son for emplacing them has dissolved into history. Is it ever really ethi-
cal to design a land mine?

Appropriate engagement with ethical issues in engineering in general
or with end-use problems in particular presumes a morally responsible

7. See Ladd, “Collective and Individual Moral Responsibility,” 4.

8. W. M. Evan, “The Engineering Profession: A Cross-Cultural Analysis,” in The Engi-
neers and the Social System, ed. R. Perrucci and J. E. Gerstl (New York: John Wiley &
Sons, 1969), 124-25.

9. C. Thomas Rogers, “The Ethical End-Use Problem in Engineering,” Research in Phi-
losophy and Technology 8 (1985): 77.
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engineer. To be morally responsible, the professional engineer must culti-
vate concern, care, and foresight. To extend this notion of moral respon-
sibility, Ladd discusses collective moral responsibility: “In as much as
one person’s being responsible does not relieve others of responsibility,
everyone in a group may have moral responsibility for a certain thing.”'0
Responsibility for safety, for example, belongs to all those involved in
the process of making available any particular commodity. Since engineers
mainly work on teams, if the team as a whole shoulders the burden of
responsibility, then the previously discussed sense of individual power-
lessness can be substantially mitigated.

Rogers indicates that engineers could be more responsible and have a
better framework for dealing with the end-use problem if the codes of
ethics were made more reasonable and practical. Rogers states his posi-
tion in opposition to Samuel Florman, who believes that engineers are
essentially moral. “Florman allows that there have been excesses in tech-
nology—even excesses abetted by engineers—but he holds that these
anomalies should be controlled by regulation and law (formal social
means) rather than by ‘limiting’ individual engineers as with codes of
ethics.”'! In fact, these social controls that Florman refers to often arise
too late, after the damage has been done. Social laws and regulations
are necessary but not sufficient. How can the public be more adequately
served? What engineers seem to mean when they speak of the needs of
society is really an array of individual and corporate interests that may
not include any representation of the public interest.!'?

Now, even though engineers, like most other professionals, believe that
having a code of ethics is a major part of being a professional, it turns
out that codes of ethics tend to be ignored in making ethical decisions.
This was strikingly illustrated by results from a survey conducted in 1980
by the editors of the trade journal Chemical Engineering, who presented
a set of nine hypothetical cases studies illustrating some ethical dilemmas
that arose in engineering practice. Included in these cases were situations in
which an engineer became aware that his employer was illegally dumping
chemical wastes, and another in which an engineer was asked to “fudge”
performance test data for a new product. The cases were accompanied

10. See Ladd, “Collective and Individual Moral Responsibility,” 9.
11. See Rogers, “Ethical End-Use Problem,” 89.
12. Ibid., 9o.



PROCESS ETHICS 49

by a questionnaire in which readers were asked to indicate what course
of action an “ethical” engineer should take in each case. Of the large
number of responses (4300) to the survey, fewer than half a dozen even
mentioned the Code of Ethics of the American Institute of Chemical Engi-
neers. The readers tried to resolve each problem in a very individual and
personal manner. The result was a diversity of opinions concerning the
best solution to each problem. Although this kind of ethical relativism
might satisfy Florman, who believes in the inherently high moral charac-
ter of engineers, many feel that there is a need for the engineering pro-
fession to make its codes of ethics relevant to real situations encountered
by real engineers. The professional codes should support the ethical con-
duct of its members, so that individual engineers need not feel they must
grapple with these ethical dilemmas in a solitary and isolated way.'?

Let us assume that Florman is right to insist that engineers are inher-
ently moral. It would still do no harm to support this inclination with a
strong and relevant code of ethics. The Accreditation Board for Engineer-
ing and Technology proposed as a fundamental canon for a code of ethics
that “engineers shall hold paramount the safety, health, and welfare of
the public in the performance of their professional duties.”'* Such state-
ments, while setting the right priorities, leave open a lot of questions,
such as Who is the public? What is the public welfare? Who determines
it?> And how? As mentioned earlier, such statements seem to be capable
only of providing general guidelines. Rogers advocates more strongly
worded codes, in particular, the changes proposed by Stephen Unger,
Andrew Oldenquist, and Edward Slowter. The previously mentioned fun-
damental canon could be strengthened as follows: “Engineers shall re-
gard their responsibility to society as paramount and shall . . . endeavor
to direct their professional skills toward conscientiously chosen ends
they deem, on balance, to be of positive value to humanity; declining to
use those skills for purposes they consider, on balance, to conflict with
their moral values.”"S Such a provision, Rogers maintains, would help to
provide professional engineers with the resources needed to more ade-
quately deal with matters of public interest.

13. Rosemary Chalk, “Ethical Dilemmas in Modern Engineering,” Technology and Soci-
ety 9 (March 1981): 1.

14. See Rogers, “Ethical End-Use Problem,” 86.

15. Ibid., 97.
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KANT AND DEONTOLOGY

Heinz Luegenbiehl examined three general categories of engineering ethics,
namely, professional ethics, business ethics, and technological ethics.!'¢
He concluded that some combination of these might constitute a proper
groundwork for an engineering ethics and would indicate obligations to
society, to employers or clients, and to the engineering profession. Which
obligation takes precedent, however, is not always obvious, though the
tendency today is to give most weight to society. According to Kant, one
ought to do one’s duty, regardless of the particular obligation that arises.
But what is that? To act in accord with respect for the law. But which law?
Kant tells us in the maxim he calls the Categorical Imperative: “I ought
never to act except in such a way that I can also will that my maxim
should become a universal law.”'” This version of the famous Categorical
Imperative of Immanuel Kant, according to Simon Blackburn, is called

the Categorical Imperative in its first form, the so-called For-
mula of Universal Law. Later on Kant glosses it in other ways.
One is “Act as if the maxim of your action were to become by
your will a universal law of nature” (the Formula of the Law of
Nature). Another, possibly the most influential, is “So act that
you use humanity, whether in your own person or in the person
of any other, always at the same time as an end, never merely as
a means” (the Formula of Humanity). It is not at all clear that
these different versions can be derived one from the other, but
Kant regarded them as somehow equivalent.'$

What might the Categorical Imperative mean for engineering ethics?
Let’s say I adopt the principle that I should never take bribes. Can I will
as a universal law that no one should ever take bribes? Yes, I think that
would serve the profession of engineering well. This does indeed seem
like a good idea, although in some cultures gift giving is common prac-
tice, which raises the question of when does a gift become a bribe? In

16. Heinz C. Luegenbiehl, “What Is Engineering Ethics? A Prolegomena,” Science, Tech-
nology & Society Newsletter of the Lehigh University STS Program, no. 36 (June 1983): 1.

17. Immanuel Kant, Groundwork of the Metaphysic of Morals, trans. H. J. Paton (New
York: Harper & Row, 1964), 70.

18. Simon Blackburn, Being Good (Oxford: Oxford University Press, 2001), 120-21.
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general, many factors may be involved in evaluating a gift, such as its
size, the timing, and the intent of the giver. All these factors may need to
be weighed in order to arrive at a specific determination in a specific case,
but that does not deny that bribery is wrong and should not be tolerated.
The integrity of the engineering enterprise depends on adherence to im-
peratives like this. As Blackburn puts it: “The most persuasive examples
of the Categorical Imperative doing some real work are cases where there
is an institution whose existence depends on sufficient performance by a
sufficient number of people.”!® Engineering would certainly be one of those
institutions.

Now the portion of Kant’s philosophy that is summarized in the Cat-
egorical Imperative is often referred to as his deontology. What does that
mean? “The term ‘deontology’ derives from the Greek words deon (duty)
and logos (science). Etymologically, it means the science of duty. In cur-
rent usage, however, its meaning is more specific: A deontological theory
of ethics is one which holds that at least some acts are morally obliga-
tory regardless of their consequences for human weal or woe. The pop-
ular motto ‘Let justice be done though the heavens fall’ conveys the spirit
that underlies most deontological theories.”2°

Another possible maxim based on Kant’s deontology might be that all
engineers should tell the truth. If I tell the truth because it is convenient,
because I fear getting caught, or because I believe I will be rewarded for
doing so, then my act is not generally morally worthy. But if I do so be-
cause I recognize that I must respect the other person, then I act from duty
and my action is right.?!

When we think of Kant, we usually think of abstruse theoretical philo-
sophical ideas. But Kant also wrote much about character. And charac-
ter is what the virtues exhibit. It’s just that Kant’s notion of character is
rather conceptual. He believed that the first effort we should put into
moral education was to establish a character, which G. Felicitas Munzel,
in explicating and translating Kant, defined as the accomplished ability
to act in accordance with maxims.?* But maxims, articulating moral law,

19. Ibid., 121.

20. Encyclopedia of Philosophy, ed. Paul Edwards (New York: Macmillan, 1967), s.v.
“deontology.”

21. Deborah G. Johnson, Computer Ethics, 2nd edition (Upper Saddle River, N.J.: Pren-
tice Hall, 1994), 29.

22. G. Felicitas Munzel, Kant’s Conception of Moral Character (Chicago: University of
Chicago Press, 1999), 61.
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have no value unless they are followed. The theoretical must be made to
accord with the actual. Objective practical reason must be made subjec-
tively practical. Moral law is enacted in the lifeworld by a person of good
moral character, one who practices the virtues. As Kantian thinking would
have it, the objective and subjective dimensions of “moral law and char-
acter may be understood as two sides of one whole, with the second de-
pendent on the first for its supreme principle, but the first also dependent
on the second for its actuality.”?3

UTILITARIANISM

First formulated by Jeremy Bentham (1748-1832) and J. S. Mill (1806-
73), utilitarianism considers the end of moral behavior to be the attain-
ment of the greatest good for the greatest number. A utilitarian could
countenance sacrificing one person to save fifty. A Kantian who had
adopted the principle that the individual was sacrosanct, however, could
not. Thus, while Kantian morality is deontological, utilitarianism is con-
sequentialist. It can most broadly be described as the view that the right-
ness or wrongness of an action is determined by the goodness and badness
of its consequences. The consequence of greatest interest to utilitarian-
ism is generalized benevolence or happiness. “The basic principle is this:
Everyone ought to act so as to bring about the greatest amount of hap-
piness for the greatest number of people.”?*

Many varieties of utilitarianism exist, including act and rule utilitari-
anism, egoistic and universalistic utilitarianism, hedonistic and ideal util-
itarianism, and normative and descriptive utilitarianism. I will look only
at the first pair and consider whether engineering ethics should focus on
individual acts or rules of behavior. Rule utilitarians believe one should
posit rules, or embrace already extant rules, the following of which would
maximize happiness in the general sense and in the long run. “The rule
utilitarian does not consider the consequences of each particular action
but considers the consequences of adopting some general rule, such as
‘Keep promises.” He adopts the rule if the consequences of its general

23. Ibid., 7o.
24. Encyclopedia of Philosophy, ed. Paul Edwards (New York: Macmillan, 1967), s.v.
“utilitarianism.”
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adoption are better than those of the adoption of some alternative rule.”2’
Act utilitarians believe one should act in such a way as to maximize hap-
iness in the general sense and in the long run. They understand actions
to mean “particular actions” and must assess the rightness or wrongness
of each individual action directly by its consequences.2¢

Consider the case of Mr. and Ms. Jones, who were both hired directly
out of college as engineers by a famous Silicon Valley electronics com-
pany. Mr. Jones discovers something interesting about the new semicon-
ductor material that the company has started to use for their circuit boards.
It emits trace amounts of the toxic gas phosgene, especially in the assem-
bly stage of production. It is still within EPA limits and would not be ille-
gal, but if word got out, the company’s reputation would suffer. He feels
he should eventually switch to a different material, which, unfortunately,
cost twice as much. He has already shipped three orders and has kept
quiet about the toxicity problem. Mr. Jones decides to discuss the prob-
lem with his wife before telling anyone. He thinks the company should
quietly make the changes and not rock the boat. Recalling the three shipped
orders would entail a big loss. If he keeps quiet, no one will ever know.
Mr. Jones has already taken his ethical stance. He is an act utilitarian. He
figures that the greater good is better served by not talking than by broad-
casting the problem and maybe forcing a recall. No one using the product
will be hurt that much but with a recall the company could lose several
thousands of dollars.

Both Mr. and Ms. Jones are members in good standing of the IEEE.
They have its code of ethics on the walls of their respective offices. The
first tenet states very clearly that we do agree to accept responsibility in
making engineering decisions consistent with the safety, health and wel-
fare of the public, and to disclose promptly factors that might endanger
the public or the environment. Unlike her husband, Ms. Jones is a rule
utilitarian, and she takes that rule of the 1EEE very seriously. She feels
that in following that rule she would engender the greatest good for the
greatest number of people. Her ethical stance is to call for disclosure.
The dangers, though slight, are real. The health and safety of the public
must take precedent over the company losing money.

In general, act utilitarians treat rules as guidelines that can be ignored

25. Ibid.
26. See Harris, Pritchard, and Rabins, Engineering Ethics, 147.



54 PART I: THE MODERN ENGINEERING ENTERPRISE

when it becomes obvious that more happiness will result from breaking
them. On the other hand, rule utilitarians take rules to be binding. If rules
are justified, then acts that violate or ignore those rules are wrong.

THE AIMS OF THE ENGINEERING ENTERPRISE

The usual view of the aims of the engineering enterprise is fairly clear. An
engineer should strive to meet a client’s specifications, to receive fair com-
pensation, and to extend the state of the art in his or her field of exper-
tise. He or she should design a product to be useful, durable, simple, and
reliable. But how do these aims serve not just the engineer’s personal
good or the corporate good, but the common good? If the moral good is
to be served, then the engineer must take as paramount the health, safety,
and welfare of the general public.

Health and safety are obvious aims of the processes of the modern
engineering enterprise. The notion of human welfare is a bit more com-
plex. We can agree, however, on two points. Without social justice for all
there can be no welfare for the general public. Without protecting the en-
vironment, all other aims and goals that the engineering enterprise might
strive for are diminished. Thus I take as crucial the goals of social jus-
tice, starting at the local level and spreading out to incorporate global
concerns, and environmental sustainability, starting globally and point-
ing into our local concerns.

Process ethics should oblige engineering, at the very least, to guaran-
tee that its products are not unsafe and the health of consumers and end
users is not compromised. Like doctors, engineers should first do no harm.
Process ethics should further oblige engineers to value ecological sustain-
ability and to strive for social justice with their products. Other moral
goals may surely be posited and pursued, but health and safety, social
justice, and environmental sustainability are fundamental.

Health and Safety

We can associate the value of health and safety with the personal dimen-
sion. Each and every individual, under the umbrella of respect for persons,
deserves the best possible consideration regarding matters of health and
safety in the commonweal of their engineered worlds.

Engineers have a distinct obligation to protect the health and safety of
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the public. There are risks involved with every engineering venture, but
the thoughtful engineer can reduce them by increasing safety factors and
by making, whenever possible, a risk analysis to determine whether or
not the risks will be acceptable. William W. Lowrance defines “risk” as “a
compound measure of the probability and magnitude of adverse effect.”?”
Risk can thus be objectively measured as a product of a likelihood and
relative magnitude of the harm that could be done. Assume, for instance,
that the magnitude ranges from zero to one hundred, so a value of ten
would be a small magnitude and one of ninety a large magnitude. Thus,
according to Harris, Pritchard, and Rabins, “A relatively slight harm that
is likely might constitute a greater risk than a relatively large harm that
is far less likely.”28

The idea of risk can be subsumed by the broader notion of “cost.”
Cost-benefit or risk-cost-benefit analyses are increasingly common prac-
tices in corporate engineering. A certain confusion arises, however, because
engineers often lump together the moral with the non-moral costs. The
risks associated with a product, like a new television, are part of the
overall cost of buying and using such a product. I not only pay the $399
for the product, but I also tacitly agree to endure a risk of radiation, I
pay the psychic cost of “dumbing down” of family and friends, and I run
the risk of becoming a television addict or a couch potato. The health
and safety associated with any engineered product, then, can be incorpo-
rated into the notion of cost, broadly construed, where the notion of health
needs to encompass not just physical but also mental, emotional, and
spiritual health. Recognizing that getting a purchase on some of these
ideas can be a strenuous task, engineers, with the products they engineer,
should at least strive, as best they can, to maximize the health and safety
of end-users subsequent to their taking up with those products. Or, think-
ing in terms of costs, engineers should strive, as best they can, to mini-
mize the unhealthy and dangerous aspects of their engineered works.

Nowadays, public agencies generally scrutinize large-scale engineering
projects, and routine repetitive projects typically follow well-known stan-
dards of health and safety. For example, the U.S. Department of Labor
administers the Occupational Safety & Health Administration (OSHA).

27. William W. Lowrance, “The Nature of Risk,” in Societal Risk Assessment: How
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The mission of OsHA is to assure the safety and health of America’s
workers, among other things, by setting and enforcing standards in the
workplace. But often not covered by routine investigation are novel or
low-volume products. When they are being manufactured or later being
used, there may be side effects that are not widely known, that may be
difficult to recognize, and whose origins are hard to trace. Examples in-
clude cases of products that either incorporate toxic chemicals or use
them in their manufacture. Engineers aware of the hazardous nature of
such products and processes, even without an OSHA-type intervention,
have the responsibility either to remove hazards of which they are aware,
or to alert those who could be subjected to any remaining hazards, and
then to initiate procedures for the safe disposal of toxic waste.? Of
course, accomplishing these goals may require painstaking effort, espe-
cially if one acts alone. It may be effective to form into groups of all those
who are involved in the engineering of a given novel or low-volume prod-
uct. Again, as John Ladd has suggested, for some things, like safety, every-
one may be responsible, and collective responsibility lightens the load for
the individual engineer.

Social Justice

The value of social justice is naturally and initially associated with the
social dimension. The human lifeworld in its community aspect is the
domain of this concern. Once the health and safety of the end-user of a
product is adequately taken into account, then we should ask about how
society in general might fare, how it might fare well, as a result of engag-
ing with this product. This brings to the discussion the idea of social jus-
tice, the second of three values the modern engineering enterprise ought
to champion. Social justice is a broad and open-ended notion. First of
all, what do we mean by society? According to philosopher John Rawls,
“society is a more or less self-sufficient association of persons who in
their relations to one another recognize certain rules of conduct as bind-
ing and who for the most part act in accordance with them.”3° Social

29. Roland Schinzinger, “Technological Hazards and the Engineer,” in Social, Ethical,
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justice or social equality refers to the right of all persons within society
to have access to resources they need.

Of course, what is fair for one may be unfair for another. A necessary
resource for me may not matter for you. What are needs for some are
mere desires for others. All these contentions should be put on the table
for us to deliberate about in the conversation of the lifeworld. Regard-
ing social justice, Rawls says: “For us the primary subject of justice is the
basic structure of society, or more exactly, the way in which the major
social institutions distribute fundamental rights and duties and determine
the division of advantages from social cooperation.”3!' The basic inequal-
ities inherent in any and all societies must be dealt with by the principles
of social justice. However, given the diversity of cultures alive in the world
today, arriving at a universally acceptable concept of social justice is prob-
lematic. Questioning the concept is not only proper but imperative, insists
David Harvey, because “too many colonial peoples have suffered at
the hands of western imperialism’s particular justice, too many African-
Americans have suffered at the hands of the white man’s justice, too many
women from the justice imposed by a patriarchal order and too many
workers from the justice imposed by the capitalists, to make the concept
anything other than problematic.”3?

Nevertheless, in keeping with the aims of process ethics, engineers are
responsible for bringing products into the world that contribute to some
sense of social justice. These products at least should not advance injus-
tices among human who take up with them. Here, again, is the idea that
first one should do no harm. In discussions of social justice, the respect
for persons mandated by Kant’s ethical principles should be paramount.
We ought not to sacrifice any single person for the greater good. This
means that we must reject utilitarian ethical judgments, at least act util-
itarian judgments. The controversial nature of the utilitarian position
was strongly brought forth when it was invoked by T. J. Rogers, CEO
of Cypress Corporation, in his exchange with Cypress shareholder and
Franciscan nun, Sr. Doris Gormley. Rogers maintained that societal good
was the greatest good for the greatest number, which was the greatest
economic good, which was equivalent to corporate profit maximization.
But is it really true that the greatest good for the greatest number is the

31. Ibid., 7.
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economic good, and the greatest economic good is corporate profit max-
imization? These assertions are contestable. Gormley questioned them
and proposed that Cypress needed a more diverse board of directors with
a broader view of societal concerns who could keep the larger question
of the common good before the mind of the corporation and its man-
agement.’® The real issue is whether maximum profit translates into social
justice. Should corporations serve only their shareholders, or should they
also strive for a broader sense of social justice?

With regard to the social justice issue, perhaps corporate capitalism
can embrace a Kantian rather than utilitarian form of ethics, especially
as far as respect for persons is concerned. But this would necessitate an
“impure” brand of capitalism, because “pure” capitalism encourages
homo economicus to seek only his or her own interests. Pure capitalism,
as Eva Bertram and Kenneth Sharpe point out, encourages investors to
relocate businesses to optimize returns, even if that means a decline of
neighborhoods and communities. It encourages corporate officers to
streamline operations and lay off workers. It invites consumers to com-
parison shop for the best deals, even if that means abandoning the cor-
ner drugstore for Costco and Wal-Mart.*

The problem with an economy in the grip of the capitalist “take” on
reality is that everything becomes commodified and human relationships
become purely functional and instrumental. An attitude of respect for
persons becomes more and more difficult to maintain. It seems that pure
corporate capitalism is beyond the reach of not only utilitarian ethics but
also Kantian ethics. Further evidence of this can be found in looking at
the conditions of “perma-temps” (long-term temporary hires). The firm
that hires perma-temps has no legal responsibility for their social security
or health insurance, or long-term investment in their training and profes-
sional development. Absence of employer loyalty and commitment make
employee loyalty and commitment irrational. As Bertram and Sharpe

33. The discussion between Gormley and Rogers took place in the Wall Street Journal
in July 1996 and was analyzed in a piece published on the Web by the Center for Ethics,
Capital Markets and Political Economy, “a non-profit organization established in 1994 to
provide a discussion forum and information resource for persons who believe that moral
concerns should be taken into account in economic and political thinking” associated with
the University of Virginia. See http://www.iath.virginia.edu/cecmpe/gormley.html/.

34. Eva Bertram and Kenneth Sharpe, “Capitalism, Work, and Character,” American
Prospect, September 11, 2000, 1. This article is available on line at http://www.prospect
.org/print-friendly/print/Vr1/20/bertram-e.html/.
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explain, “the new economy teaches workers to be ‘career entrepreneurs,’
assuming nothing from their employers, always preparing to move on,
seeing coworkers instrumentally as stepping stones to new jobs. U.S.
News and World Report recently headlined an article “Why It Pays to
Quit.” The article’s subtitle explains, ‘Loyalty, shmoyalty. In today’s fren-
zied job market, staying put gets you nowhere. Walking out gets you
ahead.””3s

If we are reduced to treating others as stepping-stones and if utilitar-
ianism is just a mask for corporate greed, then where does ethics fit in
the new economy? And, in particular, what can engineers do about their
responsibility for attending to social justice? Well, fortunately, corporate
laissez-faire free market capitalism is just an abstraction, perhaps not even
an ideal, especially in light of its tendencies toward some not very healthy
outcomes, like expanding the gap between the rich and the poor. The
machinations of the processes of capitalism are grounded in the human
lifeworld. That ground can be overlooked, as is the tendency within the
modern engineering enterprise, but it cannot be willed away.

A society generally consists of a body of people occupying some spe-
cific territory and organized under a specific government. Typically, such
a society is called a state. “Since the seventeenth century, political philoso-
phers have been largely preoccupied with the relations of the state and
the individual, with the citizen’s rights, if any, against the state, with the
right of the state to punish, to promote morality, or to regulate the affairs
of other associations such as families, trade unions, and churches.”? The
state, at least in modern democratic societies, while demanding certain
responsibilities of its citizens, is supposed to guarantee certain freedoms
for its citizens. Such guarantees can soften the blow of capitalism’s insa-
tiable will to power. According to Sam Gindin, capitalism’s moral limits
and political vulnerability were apparent from the beginning, raising issues
of an ameliorative response.’” Gindin shows how the French aristocrat
Montesquieu, writing in the mid-eighteenth century, expressed a remark-
ably early argument for the welfare state as a counter to the realities of
capitalist society. The state owes every citizen, in Montesquieu’s own

35. Ibid., 5.

36. Encyclopedia of Philosophy, ed. Paul Edwards, s.v. “state.”

37. Sam Gindin, “The Terrain of Social Justice” (http://www.socialjustice.org/pubs/
gindin.pdf), 5. This essay is a revised version of the inaugural lecture for the Packer Endow-
ment in Social Justice, originally delivered April 17, 2001.
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words “an assured subsistence, proper nourishment, suitable clothing, and
a mode of life not incompatible with health . . . whether it is to prevent the
people from suffering, or whether it be to prevent them from revolting.”3%

However, realizing the modern welfare state has always been a chal-
lenging process, especially since the ascendancy of John Locke’s idea of
the primacy of the individual. With the idea of individualism firmly en-
trenched in the mind of the modern American and European, taking care
of the needy tended to be secondary. The will to empower of social jus-
tice movements struggled with the will to power of capitalist enterprise.
That will to power, Gindin pointed out, thwarted questioning by social
democracy of the social relations at the heart of the economy, the polit-
ical division of society into those who led and those who followed, and
the divide embedded in a welfare state between those who planned and
organized social services and those who were dependent on them.?

But the will to empower has had its day as well. The welfare state flour-
ished throughout the mid-twentieth century from the social programs of
FDR in the 1930s up until the 1960s and 1970s. In recent years, with
tightening economies around the world, capital (those in control of cap-
ital) has begun to pull in the reins on the welfare state. The concessions
it had granted to the needy came to be understood as having undermined
the market precisely because these concessions, for instance, aid to depen-
dent mothers, diverted too many resources to unprofitable ends.*® In
effect, capitalism is colonizing the state, or colonizing society by declar-
ing war on the welfare state.

For now the question is, What role can engineering play in serving the
spirit of social justice, wrapped as it is in the inequalities capital de-
mands? Freedom or freedoms are at stake. Social freedoms coupled with
individual freedoms link strongly with social justice. A particular kind of
individual freedom, namely market freedom, links strongly with capital-
ism. When the free market idea becomes dominant, social justice is seen
to be antagonistic to freedom. The underclass will remain the underclass
as long as its only freedom is the freedom to purchase this engineered
commodity rather than that one. As Gindin puts it:

38. This is a reference in Gindin’s essay quoted from G. C. Morris, “Montesquieu and
the Varieties of Political Experience,” in Political Ideas, ed. David Thompson (London: Pen-
guin Press, 1990).

39. See Gindin, “Terrain of Social Justice,” 6.

40. Ibid., 6.
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For a minority, economic freedom revolves around the power to
organize production and accumulate; for the rest, freedom to sell
one’s productive potential in a labour market and, on the basis
of that, to exercise some personal choice in consumer markets.
What the minority is accumulating as part of its freedom includes
power over the labour of others and therefore over their “indi-
viduality.” The freedom/power to sell one’s productive potential
and to exercise some choice in consumer markets, in contrast, is
founded on a dependency on those who provide the jobs and the
commodities available for consumption.*!

Social justice aims at establishing a little more equality, both in the
processes of social organization and control, and in the results that accrue
from those processes. Unions, for instance, try to improve the conditions
of workers and the benefits that flow from those improvements. Engineers,
however, are generally conditioned to pay little heed to the problems of
social justice. Make a good product, put it into the world, try to make a
buck, help to keep the company solvent. But this hyperpragmatic attitude
belies the professionalism that is supposed to permeate the engineering
enterprise. There was and is the notion of advancing the welfare of the
public. If we take seriously the ethical mandate to promote social justice
with the products we engineer, then we still need a more concrete sense
of social justice. Again, how to get a purchase on a viable notion of social
justice?

Perhaps abstract theories of social justice are not what we are after.
Perhaps we want a more direct source of how to be toward social justice.
David Harvey discusses the work of Iris Marion Young, whose endeav-
ors have been in the field of the politics of difference. Young has pro-
posed a family of conditions relevant to a contemporary conception of

social justice. She has identified “five faces of oppression”:

1. Exploitation (the transfer of the fruits of the labor from one group
to another, as, for example, in the cases of workers giving up sur-
plus value to capitalists or women in the domestic sphere transfer-
ring the fruits of their labor to men);

41. Ibid., 4-5.
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2. Marginalization (the expulsion of people from useful participation
in social life so that they are “potentially subjected to severe mate-
rial deprivation and even extermination”);

3. Powerlessness (the lack of that “authority, status, and sense of self”
which would permit a person to be listened to with respect);

4. Cultural imperialism (stereotyping in behaviors as well as in vari-
ous forms of cultural expression that “the oppressed group’s own
experience and interpretation of social life finds little expression that
touches the dominant culture, while that same culture imposes on
the oppressed group its experience and interpretation of social life”);
and

5. Violence (the fear and actuality of random, unprovoked attacks,
which have “no motive except to damage, humiliate, or destroy the

person”).*?

Freedom from these five faces of oppression would be a good start for
a way of being with social justice.

Another take on the social justice issue is to look at human rights. The
United Nations Development Program publishes a Human Development
Report in which they listed several universal freedoms of human rights.
Among these are freedom from discrimination, from want, from fear,
from exploitation, to develop one’s own potential, and to participate in
decision making.®

Certainly, the full extent of what each of these entails requires a lengthy
conversation. Nevertheless, these freedoms, if achieved, would be indica-
tive of a just society. To aim their designs at achieving social justice, engi-
neers might work, like Stanford mechanical engineering graduate Martin
Fisher, to empower Kenyan farmers by developing low-tech leg-powered
irrigation pumps. Fisher’s efforts have created thousands of jobs for im-
poverished Africans. From an article by Jane Ellen Stevens, in the San
Francisco Chronicle: “He has a dream that tilts at windmills: to help cre-
ate an African middle class. Develop some low technology in a world
with hardly any and you’ll tap into the entrepreneurial spirit that exists
everywhere, says Fisher. Then watch as millions of small businesses grow

42. See Harvey, Justice, 349.

43. From the Human Development Report 2000 of the United Nations Development
Program (UNDP), chap. 2; available at http://www.undp.org/hdr2ooo/english/HDR 2000
html/.
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and thrive. Today in Africa, where 10 percent of the population is rich and
the rest is poor, the idea of a middle class is a wildly divergent concept.”**

Developing the potential of disenfranchised peoples should certainly
shrink the gap between the rich and the poor, and these are processes in
which engineers can participate. But Martin Fisher is not an average engi-
neer. Most engineers work within a corporate structure and cannot go
running off to a third world country to develop a bright idea. They are
rooted in particular local worlds, they have family responsibilities, and
they owe some sense of loyalty to their company.

Engineers do not need to uproot and travel to distant shores to con-
tribute to a more socially just world. They need only do what they can
as engineers to change their products or influence company policies in a
way that augments social justice. A company, for instance, might design
and manufacture cell phones. But the materials it uses are available cheaply
only from a small country in South America. By buying from them, it
turns out, the company is supporting a repressive dictatorship. That com-
pany would augment social justice if it were convinced by its engineers
to purchase its materials elsewhere. Engineers are also citizens of their
communities. Most of the issues that are discussed in the conversation of
the lifeworld are, to varying degrees, and especially these days, techno-
logically based. The contributions of engineers to these issues can be in-
valuable. Engineers as specialists can advance the cause of social justice
by a judicious communication of technical information to the lay public.
Explaining and interpreting technical issues can be an important service
in the achievement of social justice.

Freeman Dyson suggests that solar power, genetics, and the Internet can
be brought into the service of social justice. Solar energy, he maintains,
is most available where it is most essential, namely, in tropical latitudes,
where most of the world’s population lives, rather than in temperate lat-
itudes.® The problem, certainly, is that solar energy is still too expensive.
Dyson believes a new technology is needed that would combine photo-
electric systems with energy crops. He says we can develop crop plants
which would not need to be harvested and which could convert sunlight

44. Jane Ellen Stevens, “Martin Makes a Middle Class,” San Francisco Chronicle,
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directly into fuel. An energy crop could be a permanent forest. Trees could
convert sunlight to liquid fuel and deliver the fuel directly through their
roots to a system of underground pipelines.*s Of course, the trick here is
to have the people in these tropical areas—which is where most of the
world’s poor live—benefit from these technologies. How to keep global
capital from moving in and developing the energy sources and coloniz-
ing the locals? That is a question that the conversation of the lifeworld
must engage. Genetic engineering is an essential tool with which to real-
ize this dream of a solar energy landscape. Dyson predicts that in a few
decades “we shall have achieved a deep understanding of the genome, an
understanding that will allow us to breed trees that will turn sunlight into
fuel and still preserve the diversity that makes natural forests beautiful.”*”
These are some tasks for energy engineers and genetic engineers that might
advance the cause of social justice.

Dyson also advocates pushing the Internet into remote locations to
allow businesses and farmers to participate in the burgeoning global econ-
omy. The Internet would allow people in remote places to make connec-
tions. They could make business deals, buy and sell, keep in touch with
their friends. They could continue their education. They could pursue
their hobbies and avocations, with full knowledge of what was going on
in the rest of the world.* By working toward closing the digital divide,
engineers would be advancing the cause of social justice. Whether or not
Dyson’s vision is attainable, he does point in a direction toward which
the modern engineering enterprise could be reoriented if it is to seek to
fulfill its ethical obligation to serve social justice. Again, we cannot be
naive about the profit-motive mandate of the engineering enterprise. The
goal of engineering in the embrace of the capitalist framework is not to
produce systems, devices, networks, structures, and organisms—that is,
commodities—as such, but to produce profits and surplus labor. How
that goal can be merged with the goal of social justice has no easy answer,
but the conversation must continue.

A final example of an engineered reality contributing to social justice is
the story of the two Lees, Lee Felsenstein and Lee Thorn. They were instru-
mental in bringing the benefits of the digital age to the mountainous jun-
gles of northern Laos. They assembled a group of computer hot-shots to

46. Ibid., 146.
47. Ibid., 147.
48. Ibid.
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install a bicycle-powered computer Felsenstein created from off-the-shelf
odds and ends. “They call the invention the Jhai Computer, Jhai meaning
‘hearts and minds working together.” It was built because the villagers
asked Thorn for a way, any way, they could better tap into their country’s
economy and have contact with the outside world.”# The immediate
consequence of this project will likely be enhanced connectivity and com-
munication between the two hundred villagers of Phon Kham, who are
some of the neediest people on the planet, and the rest of the towns in
Laos. Social justice will be augmented by the people in Phon Kham being
able to find out what the market is like in the big towns where they sell
their merchandise. Then they can charge a fair market price, instead of
the below-market price they had been forced to sell at previously.

Environmental Sustainability

The value of environmental sustainability is initially associated with global
concern. The reach of environmental concern recognizes that the mod-
ern engineering enterprise impacts the entire planet. Now, if the health
and safety of a given end user of a given product is adequately taken into
account, and if that product is seen to contribute to social justice or at
least not to promote injustice, then we should ask about how the envi-
ronment in general might fare, how it might fare well, as a result of en-
gaging with this product.

An immediate problem one encounters when bringing a notion like
environmental sustainability under the umbrella of theories of process
ethics is that these theories as originally formulated were about how
humans should treat one another. Nonhuman entities like nature were
not considered. However, our primal intuitions tell us that we should not
harm others and that includes animals and nature generally. We are all
connected and belong to the earth, from which we arise and to which we
return. The voice of nature speaks to us and reveals, in many cases, espe-
cially today, an ill or traumatized environment. As part of the natural sys-
tem of life, our primal intuitions direct us to aim for harmonious accord
with human life and nature in general. Ethical theories, then, can perhaps
be broadened to acknowledge all living things.

49. Kevin Fagan, “Pedal-powered E-mail in the Jungle,” San Francisco Chronicle, Jan-
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For instance, cutting down the redwoods in the Pacific Northwest pro-
vides a livelihood for local loggers but destroys animal habitats. Loggers
and environmental activists need to find common ground. Some sort of
compromise must be hammered out, drawing perhaps on the insights of
utilitarianism, Kantian ethics, or some other ethical question. If, for ex-
ample, environmental sustainability is posited as a value all can agree on,
then a conversation might evolve.

In addition to primal intuitions, we must also pay homage to primal
experiences. In the intuitions of everyday moral experience, we find that
both the consequences of our actions and respect for the subjective integ-
rity of the other, human or not, are morally relevant.’® The environment
therefore is not mute. It speaks to us of its moods. We may experience it
as good, as vacant, as beautiful, as powerful, as valuable, as vulnerable,
as meaningful. Whether we may take nature as being as important as
humans, or as something of which we are an integral part, or as uniquely
determinative of our very being, the point is that we treat nature with
respect. It is sufficiently significant that, under normal circumstances, we
value it as a good and we will it to be sustained. And, of course, without
a healthy environment everything ventured within that environment will
be flawed. Therefore, environmental sustainability is a reasonable value
to strive for.

In advanced capitalist societies, the typical approach to environmen-
tal problems is to intervene only after the fact. David Harvey calls this
“the standard view” of environmental management.’! On the other hand,
the approach of “ecological modernization” adopts a more dialectical
view of social and ecological change. It depends upon and promotes a
belief that economic activity inevitably tends to produce environmental
harm in the sense of some kind of disruption of nature. Society, then,
ought to be more proactive toward these potential disruptions by expand-
ing environmental regulation and ecological controls. An ounce of pre-
vention is preferable to a pound of cure. Harvey elaborates: “This means
that the ad hoc, fragmented and bureaucratic approach to state regulation
should be replaced by a far more systematic set of politics, institutional
arrangements, and regulatory practices. The future, it is argued, cannot
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be expected to look after itself and some sorts of calculations are neces-
sary to configure what would be a good strategy for sustainable economic
growth and economic development in the long run. The key word in this
formulation is ‘sustainability.””2

Of course, what we mean by, or what is meant by, sustainability is
an open question. The Brundtland Report from 1987, which stems from
the UN-sponsored World Commission on Environment and Development
(WCED), says sustainable development means that actions taken in the
present should not compromise the ability of future generations to meet
their needs. The social responsibility of the practicing engineer extends
into the future, though how far into the future, as we have indicated, is
an open question. Is it necessary, for example, that we leave no foot-
prints? Or is it sufficient simply to follow EPA guidelines?

What sustainability implies is that the value of the total stock of assets,
or some measure of the quality of life, must remain constant across the
generations. If we destroy or use up all the trees, for instance, but we pro-
vide genetically engineered organisms that take in carbon dioxide and
yield the oxygen we need to survive, would that be an acceptable sce-
nario? Is it possible to compensate for reduction of the quality of life in
one area by with an elevation of it in another? I somehow doubt it.

Trees, for one thing, cannot or should not be reduced to their oxygen-
producing capability. A tree is also a source of shade, a refuge from the
rain, a wonder to behold, a thing that gathers a world about it. All this
gets submerged in the view of the tree as just a resource. We are charged
from a point of view of technological utility to look at the tree instru-
mentally, but as fully engaged humans being-in-the-world to look at the
tree in terms its ethical and spiritual values as well.

That we ought to promote sustainability seems incontestable. But
exactly what form the idea of sustainability should take is undecided.
Certainly we would like to move in the direction of a less unsustainable
way of being. First of all, it is necessary to distinguish between maintain-
able and sustainable. The former means to just keep, for example, a pro-
cess from going under, and the latter means to more fully participate in
that process, to nurture and cherish it, to give life to it, or to prepare the
way to let the life it manifests come to fruition. In speaking of the mean-
ing of the idea of sustainability, Aidan Davison argues:

52. Ibid., 377.
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that it is best understood as the ongoing ability to support,
relieve, sustain, or nourish. Unlike the adjective sustainable, which
is applied as easily to the productivity of a munitions factory as
it is to the harnessing of solar energy, the verb sustaining holds
open the actively normative questions that the idea of sustainabil-
ity raises. We are required to probe: What truly sustains us? Why?
And how do we know? Conversely, we must ask: What are we
to sustain above all else? Why? And how may we do s0?53

Davison goes on to distinguish between cultural sustainability and tech-
nocratic sustainability. The former is concerned with strategies for sus-
taining the sources of sustenance. These are understood predominantly
in political, moral, and spiritual terms. The latter is concerned with strate-
gies that are understood predominantly in descriptive or instrumental
terms that allow for little evaluative judgment.’* In light of this distinc-
tion how might modern engineers proceed with ethical evaluations based
on environmental sustainability? To attain a full view of matters at hand,
they must incorporate both notions of cultural and technocratic sustain-
ability. The latter is necessary, but only both together are sufficient. As
Wendell Berry maintains, we need to use both the rational and the sym-
pathetic mind in our dealings with nature.’s The rational mind is in charge
of managing nature in an efficient manner, but the sympathetic mind
respects nature in itself and sees it as worthy of our gratitude. A life of
consumption is to some degree mandated, but for true sustainability a
life of engagement is essential. And to direct our efforts at a sustainable
environment requires a very conscious engagement.

Consider, for instance, the recycling movement. It has been all the rage
for the past few decades, but has actually been around for hundreds of
years. Paper recycling in the United States can be traced back to 1690 in
the Rittenhouse Mill near Philadelphia, where used cotton rags and waste
paper were remanufactured into usable paper. New York City initiated a
curbside recycling program in the 1890s and required residents to sepa-
rate their refuse into bins for paper, organic materials, and general trash.
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I remember shortly after the end of the Second World War, when I was
very young, the junkman used to come up and down the alleys of Chicago,
riding his horse-drawn cart and yelling “RAGS AND IRON” which they
gave us money for and which they would then recycle. Modern recycl-
ing, however, began in earnest in the early 1970s, when several recycling
centers, mostly nonprofits, sprung up around the country following the
enthusiasm generated by the first Earth Day in 1970.%

The mechanism behind the recycling process is generally straightfor-
ward and can be seen as pointing toward fechnocratic sustainability, while
cultural sustainability comes into play with the political decisions that
need to be made to initiate the recycling process in the first place. Con-
vincing people that recycling is a good thing, something we ought to do,
requires a conversation and points also toward cultural sustainability. Get
people convinced. Initiate public policy discussion. Inquire about how to
sustain the sources of sustenance. Make it, for example, illegal to dispose
of recyclable plastic in the garbage bin. Our intuition, stimulated by the
conversation of the lifeworld, tells us that at the current rate of produc-
tion and consumption, if we do not recycle, we will soon be buried in our
garbage. The involvement of engineers in this conversation concerning
sustainability is crucial because they can demonstrate the various method-
ologies of recycling as well as the advantages and disadvantages of each.

Will the use of genetically modified (M) foods yield a sustainable form
of agriculture? Though of all the different kinds of engineers, the civil
engineer is most likely to be involved in a discussion about sustainability
through recycling, the genetic engineer is likely to be part of the discus-
sion concerning GM foods and their contribution to the sustainability of
the planet’s food supply. What about Gm foods? Are they “franken-
foods” as their opponents insist? Are they damaging the environment or
saving the world? Their advocates are not all just trying to make a buck.
Many are true believers. With the global population exploding as it is,
we can only feed the masses with some drastic technological fix like Gm
foods. Anthony J. Trewavas tells us that researchers recently developed
a strain of GM rice that has a 35 percent higher yield than unmodified
varieties. Trewavas continues:

56. Information about the history of recycling comes from Tufts University; see http://
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Clever plant breeding in the early 60’ produced rice and wheat
plants with well over double their previous yield; such progress
enabled a parallel doubling of mankind, without massive star-
vation. But this option is now exhausted. Ignoring the problem,
leaving billions to starve in misery, the worst of all tortures accord-
ing to Amnesty International, is not an option either. “Every man’s
death diminishes me because I am part of mankind; ask not for
whom the bell tolls. . .” is a philosophy I know many here will
share with John Donne. So where one grain grew before we now
again have to ensure that two will grow in the future. Currently
GM is our best option to achieve this difficult task.>”

Unfortunately, the use of GM crops encourages monoculture, which
reduces biodiversity. Cross-fertilization between GM crops and unmodi-
fied varieties can lead to what opponents of GM foods call “genetic pol-
lution.” As Vandana Shiva insists, biodiversity already holds the answers
to many problems for which genetic engineers are seeking solutions. If
we turn away from the engineering paradigm to an environmentalist one,
we will not only conserve biodiversity but also meet our needs for food
and nutrition and avoid the risks that M foods might pose.’® Another
way to say this is that the engineering paradigm needs to be expanded
to incorporate the more holistic view of environmentalists. Their view,
roughly and briefly, is that the earth is not a resource in the service of the
human will to power but something of which we are a part.

Radical environmentalists, as Michael E. Zimmerman explains, consist
of deep ecologists, social ecologists, and ecofeminists.’® These different
schools of thought all advocate caution in the implementation of genetic
engineering. Such views are usually condemned as being Luddite, but they
are rather seeking the proper place for new technologies, like genetic engi-
neering, and seeking a balanced and harmonious human/world constella-
tion. Environmental engineers, genetic engineers, and environmentalists
of every kind, along with involved citizens need to discuss the larger issues
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surrounding GM foods and decide whether and how their introduction
will satisfy the requirement of environmental sustainability.

BRINGING IT TOGETHER

Consider the engineering of Radio Frequency IDentification (RFID) devices.
Assume the technical aspect of the engineering meets all the standards of
efficiency and productivity. How might we assess the moral dimension of
the engineering of RFID devices? We should certainly gauge it against the
standards of health and safety, environmental sustainability, and social
justice. But where is this assessment to be carried out? And by whom? I
suggest we make our first assessments at the professional level. As I noted
earlier in the chapter, Heinz Luegenbiehl sees the engineering profession
as mediating between individual engineers and society. Initially, we might
involve individual engineers along with members of a professional ethics
committee on an assessment team. Ultimately, RF1D devices will have to
be assessed within the conversation of the lifeworld, with all interested
parties involved.

To initiate discussions with regard to assessment we use a quasi-
mathematical approach. This will not provide an ethical solution but
might help to orient the discussion. The procedure is simple but can help
to provide a point of departure for deeper discussions. If we assign a value
function (], J., J;) to each of the three moral standards we are aiming
at (health and safety, social justice, and environmental sustainability), we
can write an expression for the overall ethical value (] ):

By definition ], = ., J, + @, J + o, J;
with a, + a, + a = 1.0

The o, terms are weighting factors whose values are to be determined by
consensus. Initially assume all three value functions are equally weighted,
so all a. terms will be set to !/3. Assume all value functions can range
from —3 to +3. A negative value for one of the J functions may indicate
that social justice is not achieved. A positive value for another J function
may indicate that health and safety are well provided for.

The professional level committee might decide that the health and
safety associated with the RFID device is quite well accounted for. In the
manufacturing process the usual precautions are taken. The chips are
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produced using typical processing procedures. Usual safety measures are
taken. No problems are foreseen in manufacturing. However, there is the
problem of the electromagnetic energy to be beamed at the RFID device
from the reader device. Although the power is very low, if there is a huge
proliferation of such activity, it is not clear if this presents a danger to
people close by. The same uncertainty with cell phones, however, does
not seem to have deterred anyone from owning a cell phone. The com-
mittee rates health and safety acceptable, but not excellent. The partici-
pants assign J values independently of one another and the moderator
averages the results, yielding J, = 1.5.

No problems are seen with disturbing the environment with RFID
devices. Again, the moderator averages the results, this time yielding J_,
= 3.0. But social justice issues present a problem. There is a worry that
RFID devices can and will be used to spy on people. A person’s buying
profile can be generated, for example, and her privacy can be invaded.
Another issue is that a loss of jobs is likely to occur as the efficiency and
productivity in the distribution chain rises because of an increase in the
number of RFID devices. Generally, the powerless masses might suffer
because RFID devices will augment the power of those who already con-
trol the flow of information by deciding what choices will be available to
the masses. But from the point of view of several of the evaluators, the
RFID device appears rather neutral. The moderator averages the results,
yielding J; = —1.0. The total value function ] is computed:

]p = 13(1.5) + /3(3.0) + /3(-1.0) = 1.17

which is on the positive side and indicates a pretty good ethical assess-
ment. There are more positives than negatives, but that there are nega-
tives at all indicates that caution needs to be taken. This number of 1.17,
again, is not an “answer” to the ethical question about whether or not
the modern engineering process involved in RFID device design, develop-
ment, and manufacturing is good. But it can provide a point of depar-
ture for further discussion. It can help to orient the discussion as it moves
beyond the professional level into the conversation of the lifeworld.

CONCLUSIONS

The three ethical aims, then, of the engineering enterprise—health and
safety, social justice, and environmental sustainability—are noble and



PROCESS ETHICS 73

necessary values, and achieving them is a worthy goal for the engineer-
ing enterprise. To pursue these values is to pursue the good. Whether they
are pursued under a framework of Kantian ethical theory, or utilitarian-
ism, or some other theories, these three aims can provide guidance for
the process of modern engineering practice.

The actual assessment of the modern engineering enterprise must take
place within the profession, among professionals, and through conver-
sations in the lifeworld. The connection of the profession to society has
a crucial import. Society grants privileges to the profession in exchange
for service the profession renders to society. Assessment conversations
must involve the voice of society. How that voice gets a hearing is an
open question.

What David Harvey, a social geographer, has to say about the integra-
tion of environmental questions with justice questions bears on all aspects
of process ethics. He warns us that the integration of environmental ques-
tions and social justice questions are too easily absorbed by the dominant
forms of economic power, whereas “the environmental justice movement
. . . puts the survival of people in general, and of the poor and margin-
alized in particular, at the center of its concerns.”® Issues of class, race,
national identity, and gender come into the spotlight. Environmental jus-
tice brings out the political dimension of the environmental sustainability
concern. Treating environmental sustainability or social justice separately
ignores the fact that they are bound up with each other. If environmental
sustainability is at the expense of the poor or the underclass, then it is
not truly aimed at the moral good. And if social justice policies do not
take into account the health of the planet, then they are not truly aimed
at the moral good either.

60. See Harvey, Justice, 386.
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COLONIZATION

Engineering affects the world as the world affects engineering. The con-
temporary German social philosopher Jurgen Habermas stated that the
realm of system colonizes the lifeworld by imposing upon it the values of
efficiency and productivity. On the other hand, conversations and decisions
made in the human lifeworld contextualize systems, including the engi-
neering project by motivating it and giving it direction. Colonization and
contextualization travel the same road but in opposite directions. I con-
tend, however, that the colonization of the lifeworld by engineering takes
priority in the contemporary era of the modern engineering enterprise.

Colonization or the imposition of the values of productivity and effi-
ciency on the human lifeworld is certainly not a bad thing, not in any
absolute sense, unless it is done inappropriately. Often when a product
colonizes the lifeworld, the efficiency it engenders is seen as a wonderful
thing. That was undoubtedly the case with a product like the shopping
cart. However, the introduction of the automobile, which was welcomed
as an efficient new way to get around, has had many unforeseen negative
consequences. Perhaps the advantages of enhanced mobility blinded peo-
ple to them. Perhaps there was a “technological imperative” at work, a
certain temptation to push toward the greatest feat of technical perfor-
mance or complexity currently available. The key issue with colonization
is, Who determines, or should determine, when the line of appropriate-
ness is crossed? Who decides how much efficiency we need or whether
or not a product will really augment the quality of our lives? This is where
the conversation of all involved parties becomes crucial.

I confess that the word imposition has a funny ring to it. On the one
hand, an “imposition” is a burden. But on the other, it can also refer to
the laying-on of hands in a confirmation ceremony or a ritual blessing.
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I draw on both of these meanings to imply both a burdening and a dis-
burdenment. Classical colonization, in fact, burdened the colonized and
disburdened the colonizers. Colonization is always good for the coloniz-
ers. But for the colonized? Who are the colonized? All of us who have
had or felt they have had the values of efficiency or productivity imposed
on us with or without our consent. Making the colonization of the life-
world by the engineering enterprise a good—or at least acceptable —thing
for the colonized is a central concern of engineering ethics.

TO COLONIZE IS TO AFFECT

To colonize is to affect but not necessarily to effect. The steam engine
certainly affected the world, but did the invention of the steam engine
actually cause the Industrial Revolution? It certainly influenced it. But
the Industrial Revolution had many causes. Lewis Mumford believed the
clock was the key to the Industrial Revolution,! others say it was the rise
of market capitalism, and some say it was culture itself changing that led
to the new social configuration we call the Industrial Revolution. The
steam engine did not effect the Industrial Revolution, although it certainly
affected it. However, if colonization of the lifeworld by the engineering
enterprise proceeds unabated, affecting will become effecting.

In his book Technopoly Neil Postmann suggests that history can be
segmented into three phases: tool-using, technocracy, and technopoly.?
The tool-using phase corresponds to the era of the premodern engineer.
The technocracy phase corresponds to the modern engineering enterprise,
wherein engineering affects society with its increasingly bountiful cata-
log of devices and measures, the promise of technology realized. In the
technopoly phase the engineering project effects a complete colonization
of the lifeworld by systems.

The more complete technopoly becomes, the more the engineering
project expands to fill the lifeworld (Figure 2). Fortunately, we are still
in the technocracy phase of history, but if we are to keep technocracy
from becoming technopoly, if we are to keep the totalizations of pro-
ductivity and efficiency at bay, we will have to counter colonization with
contextualization. And that is the goal of the focal engineering project—

1. Lewis Mumford, Technics and Civilization (New York: Harcourt Brace, 1934).
2. Neil Postman, Technopoly: The Surrender of Culture to Technology (New York: Alfred
A. Knopf, 1992).
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achievement of a proper balance between the forces of colonization and
contextualization through the creation of products that will not just do no
harm in the world, but will actually contribute to a consensually arrived
at notion of the good.

Borgmann shows how devices proliferate in our modern technologi-
cal society. They relieve us of one burden after another, but at the same
time they affect and colonize the lifeworld, sometimes in negative ways.
I do not currently own a cell phone, but my daughter brought hers along
on our last family trip, and having the capability to call ahead and make
arrangements and reservations while speeding down the interstate proved
to be extremely useful. Now I am thinking about getting one for my car.

Devices emerging from the engineering enterprise affect the nonsys-
temic lifeworld. They colonize it by lending efficiency and productivity to
tasks that may have been considered onerous. All around us we see engi-
neered devices impacting, affecting, disburdening, colonizing, and con-
gesting our worlds. We certainly live in a technocracy, in Postman’s sense
of the term, but it is not yet a technopoly. To keep technopoly at bay and
to relieve the congestion in our lives, what might we do? Since it is clear
that overcolonization is what is at stake, it seems that we need a revival of
the contextualizing response. Focal engineering, seeking to balance col-
onization forces with forces of contextualization, participates in public
policy discussions within the conversation of the lifeworld.

The Human Lifeworld

The Engineering Project

Figure 2. The Technopoly Phase
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A machine is type of device that certainly affects the lifeworld. Thomas
Misa has studied how machines make history, how these particular engi-
neered products transform the lifeworld. He shows, through an exten-
sive review of the literature, “that those historians (and others) adopting
a ‘macro’ perspective are the ones who allow technology a causal role in
historical change. They deploy the Machine to make history. This causal
role for the machine is not present and is not possible in studies adopting
a ‘micro’ perspective.”? Misa points to several macro or big-picture cases
that are relevant to my concerns in this chapter on colonization. For in-
stance, several historians write about the rise of electricity and gas utility
services in the early twentieth century.*

Once the populace had been convinced of the necessity of having these
services, wherever the utility companies put up the power lines and laid
the gas lines, there it was that the people went and communities “natu-
rally” developed where these services were close by. The technology of
the electrical power lines, product of the engineering enterprise, had a
distinct effect on the shape and placement of urban communities. Utili-
ties colonize the lifeworld. But it is important to note here that the actual
devices—the generators, the transformers, and the wire—were all parts
of a larger technological system. Devices emerging from the engineering
enterprise affect the nonsystemic lifeworld, but they are usually mediated
by realms of technological systems and systems in general. The typical
flows of impact or influence can be represented schematically (Figure 3).

TRIPLE COLONIZATION

The modern engineering enterprise colonizes the realm of technological
systems, the realm of technological systems colonizes the realm of sys-
tems in general, and systems in general colonize the lifeworld. At every
level, of course, there is some degree of contextualization, but its voice is
muted. The premodern engineering endeavor was carried out within a
contextualizing milieu of intimacy between project and lifeworld. Mod-
ern engineers work alone in tiny cubicles, isolated even from their team

3. Thomas J. Misa, “How Machines Make History, and How Historians (and Others)
Help Them to Do So,” Science, Technology, & Human Values 13, nos. 3&4 (Summer &
Autumn 1988): 308.

4. Ibid., 316.
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members except when meeting to discuss issues pertinent to their projects.
The result is a sharp division between project and lifeworld.

Decisions made within the engineering enterprise yield products that
impact the realm of technological systems and colonize it by incorporat-
ing into these technological systems with increasing strictness the values
of efficiency and productivity while reducing the relevance of context. A
particularly pertinent example is the laptop computer. Now as powerful
as any desktop system, the laptop has extended the reach of the com-
puter networks already present in almost all technological systems. When
work stations are mobile, the context in which work occurs no longer
matters.

Technological systems, in turn, impact the realm of systems in general.
There is an increasing demand nowadays for practical application and
commercial exploitation in the global market place of any and all re-
search results in basic science. One consequence of these pressures is that
any new findings within the realm of system, especially scientific findings,
are quickly integrated into the realm of technological systems. Another
is that scientific research itself is inclined away from increasing knowl-
edge for its own sake and toward increasing knowledge for the sake of
its potential usefulness. Technoscience colonizes science. The military, for
example, is always anxious to adapt new developments in technoscience

HUMAN LIFEWORLD

SYSTEMS

TECHNOLOGICAL
SYSTEMS

ENGINEERING PROJECT

Figure 3. How the Colonization Effect Is Mediated
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to warmaking. Technoscience colonizes the military. Medicine eagerly
adopts new drugs, tools, and procedures to control and maintain the nat-
ural systems of the human body. Technoscience colonizes the body. And
our small-scale, natural system of growing indigenous crops in tune with
regional peculiarities and seasonal cycles is being replaced by technology-
dependent agribusiness supplying world markets with highly processed and
genetically engineered foodstuffs. Technoscience is colonizing agriculture.

Finally, systems in general colonize the nonsystemic lifeworld. When-
ever a situation arises that requires a functional and pragmatic approach,
engagement itself is colonized. I and Thou become Its. And wonder is
usurped by systemic amazement.

Thus, the colonization of lifeworld by the engineering project, espe-
cially in modern times, is ongoing. Contextualization of the engineering
project by decisions made in the human lifeworld, though muted within
the modern engineering enterprise, does surface from time to time in
processes like “enrolling” products—to use Bruno Latour’s term®—in the
natural environments in which they function. Context can then come to
light. But these efforts to constrain modern engineering practice are gen-
erally feeble or easily sidestepped wherever there is a firm commitment
to the reengineering of the environment to suit the needs and desires of
a consumer lifestyle based in a global market economy. The pervasive spirit
of engineering takes more and more of the ground once held by nonengi-
neered systems, or even the nonsystemic lifeworld. Today, we can engi-
neer political processes with scientific polls and statistical predictions. We
can engineer education with distance learning and computerized educa-
tion, which removes the need for professors. We can engineer our invest-
ment portfolio. We can engineer our attitudes. With robotic devices we
can engineer our workplace. Genetic engineers are working to engineer
our babies. With virtual reality and digital avatars we can engineer our
very sense of existence.

Consider the 1MaX theater at Yellowstone National Park. It has a
screen that is six stories high. This virtual presentation of the wonders of
Yellowstone is said to surpass the real thing.® Once the systemic simula-
tion of reality replaces reality, then what becomes of the reality that is

5. Bruno Latour, Science in Action: How to Follow Scientists and Engineers Through
Society (Cambridge, Mass.: Harvard University Press, 1987).

6. Albert Borgmann, Holding On to Reality: The Nature of Information at the Turn of
the Millennium (Chicago: University of Chicago Press, 1999), 217-18.
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supposed to ground, condition, and orient the realm of system? Will the
uncolonized lifeworld shrink to nothing as systems dominate more and
more of our everyday human activities?

The use of generalized engineering theories and procedures further sep-
arates modern engineers from the concrete lifeworld and distinguishes
them from premodern engineers, who relied on grounded intuitions and
experience. In comparing the theories of knowledge relevant to ancient
and modern technology, Carl Mitcham says that “the former relies for
guidance primarily on sensorimotor skills, technical maxims, and descrip-
tive laws, whereas the latter uses these resources plus technological rules
and theories.””

The premodern engineering endeavor was embedded in the lifeworld
without sharply delineated boundaries between technological system, sys-
tem in general, and lifeworld. But the contextualization of the engineer-
ing project by the decisions of the lifeworld was stronger then than is the
case today. There is a kind of inverse proportionality at work here. The
dimmer the boundaries of contextual embeddedness, the more forceful the
process of contextualization tended to be. Today with the sharp boun-
daries, we find the modern engineering enterprise to be largely decontext-
ualized. We can passively allow that to continue, or we can start talking
things over. As TyAnna Lambert maintains:

Habermas’ establishment of system as an enemy of the lifeworld
leads to paradox, for if through communicative action, the indi-
vidual can effect change and make choices for development of
the social structure, the systems that drive society will also be
changed. A lifeworld, which empowers the individual through
communicative action, if taken to its pragmatic conclusion, would
help the individual to contribute to the creation of a system that
provides a basis of societal structure. The system, then, would
derive from the lifeworld of communicative action, rather than
inhibiting or “colonizing” it.®

Colonization can be countered by contextualization. This triple colo-
nization seems to be part and parcel of the orientation of the modern
7. Mitcham, Thinking Through Technology, 207.

8. TyAnna Herrington Lambert, “Jiirgen Habermas: Luddite Dragon or Defender of
the Weak?” 4—5; available at http://www.daedalus.com/didak/ccccg 5/tyanna.html/.
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engineering enterprise. The premodern engineering project, which I am
calling the engineering endeavor, was oriented more toward contextual-
izing than colonizing. The obvious thing to do, in pursuit of a reform of
the modern engineering enterprise, would be to strengthen the forces of
contextualization.

HYPERMODERNISM

In his book Crossing the Postmodern Divide Borgmann maintains that if
modernism continues to develop unchecked it will develop in the post-
modern era into its logical extension, which he calls hypermodernism.
The hypermodern engineering enterprise will extend the colonization of
the lifeworld begun in the modern era with projects and designs both
“hyper-fine” and “hyper-complex.”® The problem does not lie in any
threat to health and safety, environmental sustainability, or social justice.
The problem is that even the most stringently ethical hypermodern engi-
neering enterprise will be so seductive that it will resist all critique.

Hypermodernism distorts reality in two ways. The first, more obvious
way is by bringing into being what many call hyperreality. Hyperreality
is reality as mediated through, primarily, information technologies. The
hyperreal product brought into being by the hypermodern engineering
enterprise tends to be seen by the typical consumer as a superior form of
reality. According to Borgmann, the perception is that “it conforms more
fully to the technological promise of liberation from the recalcitrance of
things, the confusion of circumstances, and the foibles of human beings”
and “surpasses traditional and natural reality in brilliance, richness, and
pliability.” 10 Its most extreme form is virtual reality simulations, which
many declare can often seem more real than physical reality. The military
use virtual reality simulations extensively, especially in war gaming and
pilot training.

The second, more insidious way is by enhancing what Stephen Bert-
man calls the power of now. “The power of now replaces the long term

with the short term, duration with immediacy, permanence with transience,

9. Borgmann, Crossing the Postmodern Divide, 82.
10. Ibid., 83.
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memory with sensation, insight with impulse.”!! In short, hypermodern-
ism encourages instant gratification.

Bertman enumerates some of the positive and negative effects of the
power of now. “By assigning the highest priority to speed, the power of
now enhances the value of those activities that exemplify speed (elec-
tronic entertainment, computerization, electronic information transfer,
automation, the rapid consumption of material goods, the development
of systems of belief that promise instant answers and solutions).” How-
ever, “by assigning the highest priority to speed, the power of now
undermines the value of those experiences that exemplify or require time
to develop (psychological maturation, the building of meaningful human
relationships, the doing of careful and responsible work, the appreciation
and creation of the arts, and the search for the answers to life’s greatest
problems and mysteries).” !> Borgmann suggests that the only way to avoid
this trap is “to outgrow technology as a way of life and put it in the serv-
ice of reality, of the things that command our respect and grace our lives.” '3
I would add that we can only accomplish this by aiming at engagement
with technological processes in a thoughtful and holistic manner rather
than permitting ourselves to be seduced by the lure of instant gratifica-
tion and absorbed within them. But is short. As the hypermodern colo-
nization of the lifeworld advances, any critique from a deeper perspective
becomes less and less likely.

An interesting example of the engineering of a hypermodern reality is
government. For the most part, in the West, the governments that now
serve us are a modern phenomenon. Western democracy strives for
rational, efficient, and productive government of, by, and for the people.
Government, Helen Margetts tells us, is the “structure within which the
activity of politics and policymaking takes place. It is the set of institutions
responsible for making collective decisions for society —for solving policy
problems” Margetts goes on to say that what distinguishes government
is its authority —its right to rule. Following Max Weber, she explains that
governmental institutions are “legal-rational” in the sense that “the insti-
tutions of executive government are characterized by rational authority,
where obedience is owed to principles rather that individuals—government

11. Stephen Bertman, Hyperculture: The Human Cost of Speed (Westport, Conn.: Praeger
Publishing, 1998), 3.

12. Ibid., 192.

13. See Borgmann, Crossing the Postmodern Divide, 82.
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by rules. Weber saw rationality as a modernizing force, creating the log-
ical order of premise to conclusion, consisting in linking actions and the
efficient order of means to end. He foresaw bureaucracy as a phenomenon
so efficient that it would spread inexorably into all areas of social life.”*

The structure of modern government has been engineered by modern
enterprises. If not countered, the structure of hypermodern electronic gov-
ernment will be engineered by hypermodern enterprises. The attempt to
make the attainment of the common good hyperefficient and hyperpro-
ductive will entail making that effort hyperbureaucratic.

In his essay “Escaping the Iron Cage, or, Subversive Rationalization
and Democratic Theory,” Andrew Feenberg takes issue with Max Weber’s
theory of rationalization, which implies that there is an ever increasing
role of the calculating and controlling aspects of social life. This is a
trend that leads to what Weber called “the iron cage of bureaucracy.”
Feenberg insists that colonization is not a fait accompli, and there are
ways to escape the iron cage of bureaucracy, even though as more and
more dimensions of social life are structured by technologically mediated
organizations such as corporations, state agencies, and medical institu-
tions, the technological hierarchy is increasingly identified with the social
and political hierarchy. Feenberg suggests that we look to the ambiva-
lence inherent in technology. He insists that new technology can be used
not only to preserve and reproduce social hierarchy but also “to under-
mine the existing social hierarchy or to force it to meet needs it had
ignored. This principle explains the technical initiatives that sometimes
accompany the strategies of structural reform pursued by union, envi-
ronmental, and other social movements.”!> What Feenberg is talking about
here are the contextualization processes stemming from the conversations
of the lifeworld.

I wish I could be as optimistic. Hypermodern government will make
increasing use of information technology as well as humans.'¢ Even now
government can move, store, transfer, link, and manipulate huge amounts
of information. This is nothing less than a form of surveillance. I recall
what Heidegger had to say a half a century ago about the challenging

14. Helen Margetts, “Electronic Government: Method or Madness?” (http://www.ucl
.ac.uk/spp/download/publications/sppwp3.pdf), 3.

15. Andrew Feenberg, “Escaping the Iron Cage, or, Subversive Rationalization and Dem-
ocratic Theory”; available at http://www-rohan.sdsu.edu/faculty/feenberg/schomr.htm/.

16. See Margetts, “Electronic Government,” 3.
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kind of revealing that rules in modern technology in general. He was
speaking of electrical energy rather than information but the parallels are
striking: “Unlocking, transforming, storing, distributing, and switching
about are ways of revealing. But the revealing never simply comes to an
end. Neither does it run off into the indeterminate. The revealing reveals
to itself its own manifoldly interlocking paths, through regulating their
course. This regulating itself is, for its part, everywhere secured. Regulat-
ing and securing even become the chief characteristics of the challenging
revealing.”"”

Hypermodern electronic government will be even more capable of this
challenging revealing than modern government is. Even worse, it will
rationalize and systematize even more strongly the policymaking process
and policy itself. It will “regulate and secure” more rigorously than merely
bureaucratic modern nonelectronic government can, which is currently
paving the way for it. As Margetts puts it, “The human ‘machine’ of
Weberian bureaucracy would be delivered first by systematisation of
human procedures, followed by the replacement of humans with auto-
mated machines.”!®

If uncheck by contextualization, automatization and information pro-
cessing will impact and colonize all areas of social life as part and parcel
of the advance of technology. Feenberg might be right to imply that hyper-
rationalized political reality will be more transparent and available, but I
believe that we will have to become more machine-like to interact with it.

CONCLUSIONS

The modern engineering enterprise is primarily a colonizing project. Con-
textualization does play some role in its process, but it is out of balance.
Even if the values of health and safety, environmental sustainability, and
social justice, the values of process ethics, are attained, that will not be
sufficient to right this balance, and if the colonization of the lifeworld by
the modern engineering enterprise is not checked, there is a very real pos-
sibility that it will become irreversible.

17. Martin Heidegger, The Question Concerning Technology and Other Essays, trans.
W. Lovitt (New York: Harper & Row, 1977), 16.
18. See Margetts, “Electronic Government,” 6.
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FOUR

PERSON

From the little that is known of premodern or ancient engineers, it appears
that they had a lot in common with contemporary engineers. Both can
be described as disciplined, dedicated, and single-minded. Hardly unex-
pected, since the modern engineering enterprise actually subsumed rather
than supplanted the premodern engineering endeavor, inheriting its struc-
tures and functions but incorporating a scientific sensibility along with
premodern methodologies. However, there are differences between pre-
modern and modern engineers that make a difference.

For one thing, the premodern engineer tended to have a practical char-
acter, whereas the modern or contemporary engineer tends to be prag-
matic. This is a crucial difference. Practical engineers used what was at
hand in their world to perform useful tasks. World or context was essen-
tial to their endeavors. Pragmatic engineers, on the other hand, stress
proficiency of means, independent of contexts, in the achievement of their
tasks. The extent to which context grounds, informs, and conditions engi-
neers and the engineering project is key here. For a practical premodern
engineer that extent was maximal, for a pragmatic modern engineer it is
minimal.

For another thing, premodern engineers tended to strive for effective-
ness, whereas modern engineers tend to strive for efficiency. Effectiveness
entails getting the job done, bringing forth the intended result, within a
particular context. Efficiency entails getting the job done in an optimal
fashion, ideally according to abstract mathematical measures, and ulti-
mately without reference to context.

Premodern engineers also strove for what I call fruitfulness, whereas
modern engineers seek maximal productivity. Again, these terms are often
conflated. But I use fruitfulness to indicate a contextualized concern to



90 PART II: THE PREMODERN ENGINEERING ENDEAVOR

bring into being a unique and singular entity, like a cathedral. Productiv-
ity implies a decontextualized bringing into being of a multitude of engi-
neered entities, like the latest, smallest, fastest personal computers.

In general, then, the premodern engineer functioned in a practical,
effective, fruitful manner that was necessarily grounded in contextual con-
cerns. The modern engineer functions in a pragmatic, efficient, productive
manner that tries to elude the limitations of context as much as possible.

THE PREMODERN ENGINEERING ENDEAVOR

Within the premodern engineering endeavor, the methodology was largely
implicit. A premodern engineer, for example, in building a house, relied
on ancient truisms like the fact that a house built on a strong foundation
is a house that will endure the test of time. Such a truism can be unfolded
in numerous ways. Yet only certain types and forms caught on as res-
onating with the spirit of those times. In modern times we call these types
and forms heuristics. These forms required certain building procedures
and not others, typically passed down through the years via apprentice-
ships that honored the traditions.

The patterns and procedures the premodern engineer employed were
commonly shared and transmitted via an oral tradition. The know-how
to execute a pattern was learned by practical experience. Even today there
are trades and crafts whose skills are passed on through apprenticeships,
formal and informal, where experience and instruction are combined in
a way that would make sense to both the architects of the Parthenon and
to Silicon Valley managers giving fresh engineering students some real-
world hands-on training.

In the premodern era, the patterns of how things should be done were
generally not formulated in a way that permitted scrutiny or interpretation.
Since actual engineering practice proceeded by intuition, heuristics, rough
estimates, and design experience, engineering as process, the methodol-
ogy of engineering, was backgrounded in the era of traditional engineer-
ing. Unquestionably, the explicitness of the modern engineering process
contrasts with the implicitness of the premodern engineering process. As
an illustration of this, today a modern engineering methodology, like one
for designing a low-pass electrical filter that removes high frequency sig-
nals, is readily and explicitly available in texts and handbooks.
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In addition to the process, the person of the engineer in premodern
times remains rather opaque. So, in fact, does the product, the engineered.
Person, process, and product within the premodern engineering endeavor
are all rather seen through a glass darkly. From a contemporary point of
view, a look at the engineering endeavor in premodern times reveals
mostly fragments of engineered products, primarily the ruins of departed
civilizations. Traditional engineers of the premodern era have of course
vanished, leaving only traces of their character and, here and there, their
works. So, how to proceed, with process backgrounded and person and
product dimly perceived? The products or works of the ancient engineers,
the remains, the ruins, the fragments, have been celebrated in many fine
writings on the history of engineering and technology.! But what about
the person, the engineer? In this chapter, I will track the traces of the char-
acter of the premodern engineer and compare that character with that of
the modern engineer.

One other point of interest with regard to the premodern engineering
endeavor: it was not constrained or conditioned by or subsumed into a
system like the modern capitalist system, which encourages productivity
and efficiency and thus guides the methodology of engineering practice
in the smoothest way possible toward optimal performance. It appears
today that capitalism implicates engineering almost totally in its cycle of
commodification, production, and consumption.

THE PREMODERN ENGINEER

The three engineering orientations I contend with in this text— premod-
ern, modern, and focal—are only roughly affiliated with past, present,
and future. The orientations, as I view them, and as I have mentioned,
are subsumptive in the sense that to a large degree, the modern includes

1. T have found the following histories of technology useful: Carroll W. Pursell, The
Machine in America: A Social History of Technology (Baltimore: Johns Hopkins University
Press, 1995); Arnold Pacey’s The Maze of Ingenuity: Ideas and Idealism in the Develop-
ment of Technology (London: Allen Lane, 1974), The Culture of Technology (Cambridge,
Mass.: MIT Press, 1983), and Meaning in Technology (Cambridge, Mass.: MIT Press, 1999);
Klemm, History of Western Technology; L. Sprague de Camp, The Ancient Engineers (1960;
reprint, New York: Ballentine Books, 1974); John Rae and Rudi Volti, The Engineer in
History (New York: Peter Lang, 1993); and R. J. Forbes, Man the Maker (New York:
Henry Schuman, 1950).
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the premodern orientation, and the focal includes both the premodern
and the modern orientations.

The premodern engineer was, and the modern engineer is, task oriented.
Depending on the magnitude of the task, either the task was assigned to
the engineer, or the engineer was assigned to the task. In either case, the
nature of the engineered, the work or the product that was the aim of the
undertaking of premodern engineering, was largely dictated to the engi-
neer by a client or employer. This is still true today, and the contemporary
engineer, like the traditional engineer, generally accepts his assignments.
However, today, unlike in the era of premodern engineering, engineers
can change jobs or even—in serious cases where all else fails— “blow the
whistle” if unethical circumstances prevail. The premodern engineer prob-
ably did not have those options.

The premodern engineer, charged with significant and weighty tasks,
surely had the freedom to exercise technical judgments, and along with
freedom went certain responsibility. How the engineer exercised that
freedom and carried out that responsibility is captured by the notion of
character. But the notion of character is itself elusive, an ambiguous phe-
nomenon that needs to be circumscribed. Carl Mitcham provides an excel-
lent summary: “Metaphysically, character is neither essence nor accident,
neither universal nor particular. Epistemologically, character is neither
conceived nor perceived. Anthropologically, character is neither determi-
nation nor freedom. Character is a reality always in-between, neither
universal essence nor particular accident, a limited determination and an
equally limited freedom. In it lies the heart of the human condition.”?

In spite of the ambiguities at the heart of the human condition, it does
appear that engineers in ancient times had to have been, as I have men-
tioned, disciplined, dedicated, and serious- or single-minded. They func-
tioned rather like modern-era foremen or officials overseeing the planning,
organization, design, and construction of an engineering or architectural
project. Engineer and architect were, in fact, often the same person. As
John Rae and Rudi Volti in their book The Engineer in History main-
tain, in antiquity, the premodern engineer, who might be a designer and
a builder of a temple, palace, fortification, harbor, road, or water supply
system, was known as an architekton in Greece and an architectus in

2. Carl Mitcham, “On Character and Technology,” in Technology and the Good Life?
ed. Eric Higgs, Andrew Light, and David Strong (Chicago: University of Chicago Press,
2000), I33.
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Rome.? The role of the ancient architect was more broadly conceived than
is the role of the modern architect. Certainly today we have many differ-
ent types of engineer and architect. But as an echo of a distant past, some
modern structural engineers, civil engineers, have duties and responsibili-
ties that are very much the same as the duties and responsibilities of some
architects. It appears that, for the most part, the premodern and modern
engineers differ more in degree than in kind.

Within their capacity as overseers of the engineering of artifacts, pre-
modern engineers took nature as their ideal. However, they recognized,
Carl Mitcham suggests, “that they could never completely duplicate the
substantial union of form and matter found in nature.”* Even though these
engineers championed a synthesis of form and matter in their engineered
works, utility was an essential feature of the artifacts they conceived. The
premodern engineer tried to give form to matter in order to bring some-
thing into being in a practical contextualized manner.

We moderns downplay the synthesis of form and matter and seek, in-
stead, a synthesis of form and function. Form serves the function, and
functionality, ignoring context as much as possible, characterizes the prag-
matic modern engineering project. The most aerodynamically designed
auto, for instance, has a shape or form that minimizes drag. Today the
union of form and matter, which for the ancients was intrinsic to natural
things and less intrinsic but still important to artifacts, has all but van-
ished from modern concern. Paralleling this shift has been the shift from
imitation of nature to the domination of nature that is rampant in mod-
ern culture in general, including engineering. The modern domination of
nature by willful human subjectivity, in fact, aims to sever form from mat-
ter in order to convert matter to pure resource. The resource can then be
shaped to serve whatever function is desired. The premodern craftsman,
for example, would pick up a piece of wood and see how it inherently
contained within it a wheel because of its curvature, or a fence post
because of its straightness. Those forms in a way were hidden in the mat-
ter, and the craftsperson saw the forms in his “mind’s eye” and proceeded
to shape the matter to those forms. As another example, the stones used
to build a bridge dictated to some degree the shape the bridge would take.
The modern engineer takes matter as inherently formless and imposes

3. Rae and Volti, Engineer in History, 1.
4. Mitcham, Thinking Through Technology, 123.
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form and function upon it. Nanotechnology is the ultimate example of
this: all matter is reduced to atoms and molecules that can in principle
be rearranged and assembled to any desired form and function. More
traditionally, a vat of molten steel can just as easily take the form of the
chassis of a Honda or a Ford, or be shaped into steel girders for build-
ing construction.

Closer to craftsmen than to applied scientists, premodern engineers
were more intimate with their world, taking it more to heart and were
more “oriented toward particulars instead of toward the efficient pro-
duction of many things of the same kind in order to make money.”’ That
is, they tended to be fruitful rather than productive. The modern engi-
neer’s movement away from particular to general concerns has allowed
nature to be taken more impersonally—as a resource. The premodern
grasp of reality was typically a more personal affair than we moderns are
capable of or interested in, and premodern engineering was contextually
enmeshed in the human world, whose “secondary qualities” the modern
engineering enterprise tries to transcend as best it can. “The pre-modern
or classical ontology involves looking upon matter as a living reality
ordered toward taking on form—in accord with whatever form it already
possesses and the potentialities contained therein.”® Premodern reality had
a keener sense of spirit as animating force than modern reality acknowl-
edges. It’s no wonder that Max Weber spoke of the “disenchantment” at
the heart of the modern project.”

PYRAMID ENGINEERS

The pyramid is a prime example of a particular ancient engineering
achievement. The design and construction of pyramids employed many
engineers. What is remarkable is that “most of the truly monumental
pyramids came into being in just over a century in the late Third and
early Fourth Dynasties.”® The years between 2834 and 2722 B.C. saw the

5. Ibid.

6. Ibid., 132.

7. Max Weber, Essays in Sociology, trans. and ed. H. H. Gerth and C. Wright Mills
(New York: Oxford University Press, 1946), 155.

8. James E. McClellan IIT and Harold Dorn, Science and Technology in World History
(Baltimore: Johns Hopkins University Press, 1999), 43.
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construction of thirteen pyramids, including the Great Pyramid at Giza,
all of which required the technical and organizational skills of the pre-
modern engineer. The pyramids were built as tombs for the pharaohs,
but pyramid building was also, according to James E. McClellan III and
Harold Dorn,

an activity pursued in its own right as an exercise in statecraft.
The sequence of the early pyramids comprised giant public-works
projects designed to mobilize the population during the agricul-
tural off-season and to reinforce the idea and reality of the state
in ancient Egypt. More than one pyramid arose simultaneously
because a labor pool—and surely an increasingly large labor
pool—was available and because the geometry of pyramids dic-
tates that fewer laborers are required near the top of a pyramid
than at the bottom, thus permitting the transfer of labor to newly
started projects. Monumental building was therefore a kind of
institutional muscle-flexing by the early Egyptian state, some-
what akin to the arms industry today.’

Farmers and slaves may have built the pyramids, but engineers engi-
neered them. Who were these engineers? The person generally credited
with the development of the pyramid was Imhotep, who was master
builder for the Pharaoh Netjerikhet.'® Imhotep engineered for the pharaoh
what is considered to be the first Egyptian pyramid and the first example
of natural-stone architecture, the “step” pyramid of Sakkarah around
2940 B.C. Something of the character of the ancient engineer can be seen
in the epitaph another Egyptian engineer Ineni (circa 1500 B.C.) wrote
for himself, as reported by Ervan Garrison: “I have become great beyond
words. I will tell you about it, ye people. Listen and do the good that I
did, just like me. I continued powerful in peace and met no misfortune;
my years were spent in gladness. I was neither traitor nor sneak, and I
did no wrong whatever. I was foreman of the foreman and I did not fail.
I never hesitated but always obeyed superior order, and I never blasphemed
sacred things.”!! Ineni may not have been exactly a modest fellow, but

9. Ibid., 43—44.
10. Ervan Garrison, A History of Engineering and Technology (New York: CRC Press,
1999), 29.
11. Rae and Volti, Engineer in History, 10.
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he knew his place and acquiesced to his superiors. For the most part, in
the existing social hierarchy, ancient engineers were comfortably ensconced
between the powerful and the powerless. For example, in ancient Roman
engineering, where most of the effort was directed toward various per-
manent structures commissioned by an emperor or prominent citizen,
L. Sprague de Camp, in his classic text The Ancient Engineers, tells us
that “a consul, senator, or other magistrate commanded the whole of such
a governmental enterprise. Under him the architectus or engineer, in his
turn, bossed a crew of minor technicians: agrimensores or surveyors,
libratores or levelers, and others.”!2 Most engineers today are ensconced
in hierarchies in the same way the ancients, like the Romans or Ineni,
were. Many today would see ideal virtues embedded in Ineni’s words. The
character of this engineer, or a less exaggerated version thereof, was prob-
ably typical of many premodern engineers, and is typical of contempo-
rary engineers as well.

GREEK AND ROMAN ENGINEERS

The contextually conditioned engineering endeavor in premodern times
was tied to loosely structured social and political systems, which were
bound by the nondemocratic and generally repressive rule of pharaohs,
emperors, patriarchs, and kings. But throughout the premodern era, at
least from the Egyptian through the Greek period, the worldview contained
materialistic, rationalistic, and realistic elements, but it also contained
sacred memes, and a certain take on these memes formed the parlance of
the premodern engineer.

Through all the vicissitudes of the premodern era, engineers proceeded
with raising their city walls and building their temples and palaces. They
paved their roads, erected their aqueducts, dug their canals, tinkered with
their machines, and soberly built upon the discoveries of those who had
gone before them.'® These engineers—innovators, architects, designers,
builders, inventors—were a rare breed. But being the rare breed often
makes the engineer the strange bird, the odd duck. Part of the reason for
this is that engineers have always been both doers and thinkers, and that
tended to be at odds with the given reality wherein people were either

12. De Camp, Ancient Engineers, 165.
13. Ibid., 26.
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one or the other but not both. The status of the engineer was below that
of the priest but above that of the ordinary citizen. The ruling class, who
along with the priests constituted the upper echelons of society, fancied
themselves as cultured and philosophically minded, certainly not your
garden-variety “hands-on” types. The elites, especially in the Greek period,
and especially the intellectual class, didn’t seem to care too much for the
engineer but they did value what the engineer could do for them. That atti-
tude persists today in that the upper class tends to look down its collective
nose at the middle and working classes, and engineers who are upwardly
mobile tend to move into middle-class circumstances from working-class
roots. There is the famous story about Herbert Hoover, engineer and U.S.
president, who made the acquaintance of a lady on a steamship:

Tell me, Mr. Hoover, what are your interests?
Madam, I am an Engineer.
Really? I took you for a gentleman.'

The inegalitarian Greek society was rather indifferent to its engineers,
who were unnoticed by the ordinary citizen and ignored by the elites.
After democracy finally did appear in Athens, its existence apparently
had little effect on engineering per se. The Greeks were never the engi-
neers that the Egyptians had been or the Romans turned out to be. But
Greek engineers, using five simple machines, namely, lever, wheel, pulley,
wedge, and screw'’ did bring into being spectacular works, like the Colos-
sus of Rhodes and the Pharos or Lighthouse of Alexandria, and, of course,
the Parthenon.!¢

Reasons the Greeks never promoted a vigorous engagement with engi-
neering, in spite of their obvious successes, can perhaps be found by con-
sidering the Greek mind. Among the educated Greeks could be found many
lovers of wisdom, who valued being and thinking over doing and making.
They found practical engagements unsuitable and did not seem to be
inclined toward engineering.

Within Greek thinking, several distinctions took shape for the first
time in a lucid and distinct fashion. Chief among these was the distinc-
tion between theory and practice. Out of philosophical stress on theory

14. See http://www.cen.bris.ac.uk/resource/engquot2.htm/.
15. Garrison, History of Engineering and Technology, 51.
16. Ibid., 45.
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and the supersensuous Realm of Ideas emerged the great cultural achieve-
ment of ancient Greece, the development of a scientific sense.'” But their
science was not like ours. Ancient science was based on observation and
classification. It had little interest in experiment. The ancients studied
nature to understand it, not to conquer it for the sake of the betterment
of the human condition. R. J. Forbes even claimed that “generally speak-
ing Greek scientists had a horror of manual work and despised those who
had to engage in it. They loved theory, but when discussing how to use
this knowledge Aristotle and Plato are definite in their rejection of prac-
tical applied science as a proper task for the scientist.”!8

Roman engineering was much more heralded than Greek engineering.
The Greek was the theorist, but the Roman was the doer. Roman engi-
neers were primarily builders. They constructed roads, harbor works,
aqueducts, temples, forums, town halls, arenas, baths, and sewers.! In
engineering their many wondrous things, the Romans had little use for
science. The abstract realms of theoretical deliberation lacked an imme-
diate utility that could be brought to bear on the construction of projects
such as the extensive system of Roman roads and aqueducts that con-
solidated the infrastructure of the Roman Republic and, later, the Roman
Empire. A concrete substance, like cement for instance, took precedence
over an abstraction like, say, the idea of the place of cement in a hierar-
chy of building materials. As McClellan and Dorn put it: “Less lofty per-
haps, but no less important as a building block of Roman civilization, the
invention of cement was a key new technology introduced by the Romans,
one that made stone construction much cheaper and easier, and it liter-
ally cemented the expansion of the Roman empire.”2

Among the Romans, then, there was very little appreciation of having
theoretical science augment the practical engineering endeavor. Yet Forbes
insists it is only a “part-truth” that the Roman engineer despised science.
He (seldom she) despised theoretical science but not applied science: “He
observed nature but was a poor biologist; he was a good engineer but a
mediocre mathematician; he reformed the calendar but made no signifi-
cant contributions to astronomy. . . . Science was valued only so far as it
had practical and useful results for the State. The Roman did not have

17. Klemm, History of Western Technology, 18-19.

18. Forbes, Man the Maker, 62..

19. De Camp, Ancient Engineers, 164.

20. McClellan and Dorn, Science and Technology in World History, 89.



PERSON 99

the patience of the Hellenistic scientist, who sought to discover the laws
of nature.”?!

In the first century B.C., the Roman engineer and architect Marcus
Vitruvius Pollio wrote a book De Architectura in which he proposed that
the appropriate aim of the builder’s efforts was construction of structures
that had “firmness, commodity, and delight” or “strength, utility, and aes-
thetic value.”?? According to Vitruvius, the ideal engineer (architectus)
was “a man of letters, a skilled draftsman, a mathematician, familiar with
historical studies, a diligent student of philosophy, acquainted with music;
not ignorant of medicine, learned in the responses of jurisconsults, famil-
iar with astronomy and astronomical calculations.”?

Although such a paragon probably never existed, Vitruvius was paint-
ing a picture of an ideal type. We try to educate our modern engineers to
incorporate a specialized discipline, within a broad-based holistic per-
spective. Although the premodern engineer was more of a generalist who
was adept at performing a large number of diverse tasks, often simultane-
ously?*—and the modern engineer functions more like a specialized pro-
fessional applied scientist, what they have in common is that they both
bring things into being, the premodern engineer in a practical way, the
modern engineer in a more pragmatic way. They bring into the flux of
our worlds products that can disburden us or enliven our lives or at least
entertain us. Is there a general portrayal we can put forth for these bringers
into being? Whatever is brought into being is done so by the engineer for
the benefit of humans, if only for the benefit of the person whose idea
prevailed in the market place of ideas. The engineer is a benefactor. From
the dustiest ancient engineer to the brightest postmodern, the promise or
the telos of the project of engineering has been, is, and will be the improve-
ment of the human condition.

CHARACTER ISSUES

In his famous essay “The Question Concerning Technology,” Martin Hei-
degger distinguishes the forester of today from his grandfather who lived

21. Forbes, Man the Maker, 69—70.

22. From the translation of Vitruvius’s work available at http://www.ukans.edu/
history/index/europe/ancient_rome/E/Roman/Texts/Vitruvius/t.html/.

23. De Camp, Ancient Engineers, 165.

24. Claude Lévi-Strauss, The Savage Mind (Chicago: University of Chicago Press,
1962), 17.
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in a more premodern manner. The modern forester “engineers” the for-
est. The grandfather forester was more in tune with the forest, minister-
ing to it in a caring way. He and it were one. The modern era grandson
takes the forest as a giant resource, which is integrated with modern tech-
nological systems, which in turn serve the elements of the capitalist sys-
tem. “The forester who, in the wood, measures the felled timber and to
all appearances walks the same forest path in the same way as did his
grandfather is today commanded by profit-making in the lumber indus-
try, whether he knows it or not. He is made subordinate to the order-
ability of cellulose, which for its part is challenged forth by the need for
paper, which is then delivered to newspapers and illustrated magazines.”?’
I would argue that both the grandfather and the grandson have caring and
pragmatic or practical characters, but with the grandfather being more
toward the caring end of the spectrum and the grandson, in the grip of the
“grab”?6 of the capitalist system, more toward the pragmatic end.

That character issues should be paramount in an investigation into
the person of the engineer leads us to look at the work of Samuel Smiles,
one of the first people to write about the character of the engineer. Smiles
maintained that the successful eighteenth- or nineteenth-century engineer
was “orderly, regular in his habits, disciplined, predictable, methodical
in his problem solving, even-tempered, and law-abiding.”?” A straight
shooter. Not cynical like many moderns and postmoderns. The virtues
Smiles pointed out would benefit the premodern engineer of ancient times
and the early modern engineer of the eighteenth and nineteenth centuries.
Many of the virtues encouraged in the character of yesterday’s engineer
would support today’s engineer and tomorrow’s engineer as well.

Smiles’s books were very popular in the nineteenth century. They mir-
rored the individualism that was advancing in the modern era. The rugged
individual was producing more and more for consumers, commodious
individuals, to consume.?® And these individuals, as Borgmann maintained
and as I mentioned in an earlier chapter, were often the same person.

25. Martin Heidegger, “The Question Concerning Technology,” in The Question Con-
cerning Technology and Other Essays, trans. William Lovitt (New York: Harper & Row,
1977), 18.

26. Michael Eldred, “Capital and Technology: Marx and Heidegger”; available at http://
www.webcom.com/artefact/artfinvn.html/.

27. T. P. Hughes, “Introduction,” in Samuel Smiles, Selections from the Lives of the
Engineers (Cambridge, Mass.: MIT Press, 1966), 11.

28. Borgmann, Crossing the Postmodern Divide, 38.
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Individuals of high principle and integrity, who were honest, open-minded,
and industrious —as championed by Smiles—could be entrusted to bring
forth a world worth living in. By writing about engineers, inventors,
and industrialists as they transformed their environment—and society —
through rapid industrialization, Smiles not only reflected his age, but also
influenced it.?’

In his Lives of the Engineers, Smiles tells the story of several engineers,
including James Brindley, John Rennie, and Thomas Telford. Brindley was
an interesting example of what I am calling a premodern engineer, even
though he lived in the early modern era. He was a self-taught genius. He
could only minimally read and write. Yet he was very observant and

ready at devising the best methods of overcoming material diffi-
culties, and possessed of a powerful and correct judgment in mat-
ters of business. Where any emergency arose, his quick invention
and ingenuity, cultivated by experience, enabled him almost at
once unerringly to suggest the best means of providing for it. His
ability in this way was so remarkable, that those about him attrib-
uted the process by which he arrived at his conclusions rather to
instinct than reflection—the true instinct of genius.?°

The lack of a modern scientific method or procedure did not stop
Brindley or engineers of the premodern era from the enactment of mon-
umental projects and the achievement of great works. Intuition, instinct,
and experience —pivotal to the practical skill set and know-how of pre-
modern engineers—were revealed, not in any kind of systematic manner,
but rather via their character, via the ways they conducted their engi-
neering life. The power of character, so it appears, compensated the pre-
modern engineer for the lack of explicit methods, means, and procedures.
Character is developed over a long period of time and requires the prac-
tice of the virtues. And what, again, is character? Character is a power,
a faculty, the way one is, one’s status or capacity. Or as Ralph Waldo
Emerson put it, “This is what we call Character—a reserved force that
acts directly by presence, without means.”3!

29. See Hughes, “Introduction,” 1.

30. Samuel Smiles, Selections from the Lives of the Engineers (Cambridge, Mass.: MIT
Press, 1966), 166.

31. Ralph Waldo Emerson, The Essays of Ralph Waldo Emerson (New York: Random
House, 1944), 270.
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The presence of the character of the engineer exhibits continuity. Recall
that, not too long ago, engineers used to stand out in a crowd as nerdy
white males with crew-cuts, plastic pocket protectors, and slide rules on
their belts. Today’s engineer is more hip, and he or she is likely to be non-
white. In fact, in the United States, diversity is becoming more pronounced
in engineering than in most other professions. Yet the character of the typ-
ical engineer is much the same as it ever was. Characteristics this character
exhibits include, as I have indicated, discipline, dedication, persistence, and
patience. In their everyday involvements engineers carry out a plethora of
functions, like research, design, development, production, operation, main-
tenance, sales, and management. The engineer enacts the role of engineer,
and character is manifest in the ways this role is enacted. Because being an
engineer requires focus and discipline, the character of the engineer cannot
be easily developed or transformed. It cannot be donned or doffed like a
“persona.” The social role of the engineer as person certainly contributes
to her or his character as the person as engineer embraces the contingen-
cies and contexts of professional life. Role shapes character but character
orients one toward role. And roles are enacted in the human lifeworld.

As an example, several times I played the role of academic ambassador
for my college of engineering by participating in our Outreach Program.
In venturing out of the hallowed halls of engineering education into the
real world to talk to high school students, I would for instance say some-
thing like: if you want to consider a career in engineering, you should be
turned on by math and science and accustomed to sizing up problem sit-
uations and visualizing a solution. Being a problem solver is of the essence.
Creativity and imagination as well as an analytical mind are paramount.
You must also be practiced at the arts of ethical judgment and human
communication. All of these attributes, plus the customs and practices
that go with them, tend to shape a homogeneous character in the enact-
ment of the role of a typical engineer, in the person as engineer. This is
in spite of the wide heterogeneity in styles of the engineer as person, espe-
cially in contemporary times, but also in the preindustrial era.

Character is often associated with the notion of ethos. Ethos can be
viewed as the habits or attitudes definitive of a particular group, the fun-
damental values or spirit of the group.3? The group we have in mind is

32. Carl Mitcham, “Computer Ethos, Computer Ethics,” Research in Philosophy and
Technology 8 (1985): 276.
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the collection of individuals called engineers. There is another sense of
ethos, more broadly construed, as the place wherein character is revealed.
Habits develop within habitats. Ethos as habit and habitat: the ethos of
engineering as both habits or character of engineers as well as habitats of
the engineering project. The habitat refers to the social and historical con-
texts within which engineers engineer. Premodern engineers in-dwell with
that habitat, while modern engineers ignore it as best they can, and focal
engineers reappropriate habitat as intrinsic to their engineering practice.

HEIDEGGER’S TAKE

To integrate the character of engineering with the notion of ethos as place,
I invoke the Heideggerian idea of the person of the engineer as Dasein.
Dasein literally means being-there. It refers to everyday human existence,
which always occurs in some specific manner, in some specific place.
Dasein takes place, by adopting various involvements in the world, but
Dasein also gives way, by letting its world unfold in the way it does. As
well as being a socially active adventure, human life is an engaged kind
of letting, a releasement. When I think about this, I think of the sport of
curling, wherein a stone is pushed on the ice and one object of the game
is to clear the path, to make way for the stone.

As Heidegger says: “Releasement toward things and openness to the
mystery belong together. They grant us the possibility of dwelling in the
world in a totally different way. They promise us a new ground and foun-
dation upon which we can stand and endure in the world of technology
without being imperiled by it.”33 With the right frame of mind, the engi-
neer as Dasein can stand and endure, stand and deliver, stand up and be
counted, among a variety of ways to be. The impression I get from the
Heideggerian view of all this is that technology has a certain gravitas.
The pull of the earth, not to be denied, is the voice of context, seeking to
be acknowledged. Technology is a serious endeavor, not something to be
taken lightly, because technology pervades and conditions all of reality —
particularly modern engineering reality. Ironically, it is modern reality
that tries as best it can to evade the gravitas of technology. The engineer,

33. Martin Heidegger, Discourse on Thinking, trans. John M. Anderson and E. Hans
Freund (New York: Harper & Row, 1966), 55.



104 PART II: THE PREMODERN ENGINEERING ENDEAVOR

at least, must remain vigilant, especially with regard to the long term
effects of technology, and must direct the power of technology in a car-
ing manner in order to bring into being the fruits of technology’s benefi-
cence, the promise of an authentically engineered reality.

Another implication of the Heideggerian take on human existence is
that human existence is to be construed in a holistic manner. In other
words, humans find themselves always already immersed in a world,
thrown into a world teeming with life, with other humans, and with the
things we need to keep our lives alive. World is not somehow added onto
the notion of person but it is the concrete “wherein” within which we
find ourselves. More abstract notions of self as subject, as ego, as con-
sciousness, or as mind in a body/mind dualism are available as detach-
ments from this primal condition of being-in-the-world. Fundamental to
Heidegger’s notion of Dasein is that human existence consists of three
co-equal radical structures which he called projection, disposition, and fal-
lenness. Philosopher John Caputo elaborates: in the sense that we humans
are “projected,” we are always ahead of ourselves, cast forth into one
course of action or another. In the sense that we are “disposed,” we are
cast forth or thrown into the world and already situated within pregiven
circumstances. In the sense that we are “fallen,” we are the being which
projects himself ahead, from out of a given situation, ever liable to give
up his project and to sink back into complacency with everyday reality.>*

Typical engineers, then, would find themselves engaged in a course of
action called engineering. They would be conditioned by the circumstances
of what it means to be an engineer. The traditions, values, cultures, insti-
tutions, meanings, and legacies of the engineering project are all part of
this conditioning process. Then, of course, there is always the possibility
of fallenness, turning away from disposition and projection. In fact, such
turning away is really the more typical stance, because when one is doing
engineering, one must be focused, for example, on the set of equations
that need to be solved, right here and now, as a step in this or that engi-
neering process. Doing engineering and reflecting on that doing are two
different things.

In a further development of the Dasein idea, Heidegger related dispo-
sition to the past, projection to the future, and fallenness to the present.

34. John Caputo, “A Phenomenology of Moral Sensibility: Moral Emotion,” 3; avail-
able at http://www.crvp.org/book/Serieso1/I-12/chapter_ii.html/.
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We are oriented toward the future via the way we understand things, and
we understand by projecting—to some degree having already projected —
our possibilities onto the things in our world. But things in our world
have always already projected their possibilities onto us in their disposi-
tion toward us, and in discovering this we find ourselves disposed, that
is to say, in a mood or with a feeling toward the world, an affectivity. We
discover ourselves, then, with an affectivity and an understanding which
reveal to us how we are in the world. All this occurs in what Heidegger
calls an “equi-primordial pre-thematic fashion.” From that grounding,
we can begin to refine our understanding by virtue of philosophical inter-
pretations of various sorts. That refinement can induce shifts in affectivity,
which can further tune our understandings. There is an ongoing back-
ward and forward relatedness here, as we get closer and closer to true
self realization or disclosure or what Heidegger would call authenticity.
Of course, as I have mentioned, standing in the wings of the here and
now is the ever present tendency toward fallenness which is the tendency
to give up on the project of self-disclosure, to let the circumstances of our
lives dictate how we will be. I can cease and desist from recollecting the
“thrown” circumstances of my life and the affectivity that goes with them,
and I can give up on the strenuous work of sorting and sifting the pro-
jection of my possibilities I had labored so hard to organize. I can take
my cue from television, for instance. Do what they do, try to look like
them, see what they see, buy what they buy. Or, as mentioned earlier, cir-
cumstances might demand, and often do demand, that I bracket any con-
cern with looking at how I am, and require me to get on with some task
that is at hand. This is true of both the premodern and modern engineer.

Most certainly we slide in and out of fallenness all the time. In the
Catholic tradition there is a term concupiscence, which means a tendency
to sin, to fall away from grace. It is indicative of the human condition
and follows from the sin of Adam, original sin. Heidegger, who was raised
a Catholic, probably had something like this in mind in his term “fall-
enness,” although he insisted that fallenness had nothing to do with sin
or morality. It had to do with the examined life and the unexamined life.
The latter may be not worth living, but it is not a sin. And when we fall
into this unexamined-ness, do we actually fall, or do we leap, or are we
pushed? A friend insists that he is “bound, taken, thrown, fallen, and
abandoned.” The question here is: are we just victims or do we have some
say in the matter? Did the devil make me do it? Or there is the old saying
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that falling down is part of growing up. In any event, as far as character
is concerned, the way I am as an engineer is revealed in the character I
exhibit in the actions I perform. And that is a concupiscent character, no
doubt fragmented and tattered to various degrees.

The world in which all this transpires is my ethos as place. But ethos
as character, exhibited in the practice of the virtues, is more than passive
habit. I may be disposed in certain ways in a passive sort of manner, but
that disposition goes with a projection, an action, whereby world as place
is opened up. I have to open up to the world in order that the world can
show itself to me. And I can only take what is given. In moments of vision,
when I am not doing engineering but rather reflecting on what it means
to be an engineer, the affectivity I am disposed toward tunes my projected
understandings as my understandings tune my affectivity. What can be
said about the attunements of the typical premodern engineer?

THE PREMODERN ENGINEER’S ATTUNEMENT

“The machine unmakes the man. Now that the machine is so perfect, the
engineer is nobody.”% Thus spake Ralph Waldo Emerson in the mid-
nineteenth century. As we enter the twenty-first century, the machine has
become even more perfect. The engineer then should have all but disap-
peared, if Emerson had it right. But today the engineer is everywhere. In
fact, the engineering metaphor has become ubiquitous. We engineer our
values, our financial portfolios, our relationships. The nobody Emerson
spoke of has today become the everybody. The character and attune-
ments of the typical engineer, then, can perhaps be found in looking at
“everyman” who is all of us as we go about the day to day work of engi-
neering our lives and our worlds. But here the notion of engineering has
been reduced to the notion of making. The usurpation by “everyman” of
the character of the engineer is symptomatic of the notion of fallenness,
which Heidegger claimed was intrinsic to the existential structures char-
acterizing Dasein. To bring the character of the premodern engineer into
view in terms of understandings and affectivity will require a certain
resistance to ready-made interpretations.

35. This quotation comes from Ralph Waldo Emerson, Society and Solitude; see http://
www.scottj.fg.co.uk/engquot.html/.
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Surely engineers, even the premodern ones, are more than just mak-
ers. They are designers, testers, manufacturers, maintainers, and so on,
of systems, devices, organisms, networks, and structures. The attributes
of character of premodern engineers that we have so far unearthed, in
addition to discipline, dedication, and single-mindedness (or stubborn-
ness), include sobriety, rationality, and courage, as well as a willfulness
involving enthusiasm and energy. As Smiles said, he or she is orderly, has
regular habits, is predictable, methodical about problem-solving, even-
tempered, and law-abiding. Engineers are honest, open-minded, and in-
dustrious. They are solid, steady, persistent, and patient. Engineers have
creativity, imagination, sensible ethical judgment, and good communica-
tion skills. Most engineers would some of the time exhibit some of these
ways of being, knowing, and doing. Unlike the modern engineer, who
tends to be practical, efficient, and productive, the premodern engineer
tended to be pragmatic, effective, and fruitful.

Who, then and again, is this person, this engineer? According to the
famous engineer James Kip Finch: “The engineer has been, and is, a maker
of history.”3¢ And, I would maintain, a maker of futures as well. To make
history and futures, the engineer needs to contribute to the bringing into
being of the things that matter to our cultures and civilizations. As bene-
factors of humankind, engineers need to have an attunement of their affec-
tivity/understanding (or as Heidegger might say, Befindlichkeit/Verstehen)
constellation that yields at least a disciplined and dedicated character,
even though that character can play itself out in several ways.

THE MEDIEVAL ENGINEER

We have an image, then, of who the engineer was and is. The image of
the ancient engineer is fairly consistent with that of the modern engineer,
except for the stress on context that informed the ancient engineer and
the decontextualized nature of modern engineering. Between ancient and
modern times, however, lies the medieval period. From the available evi-
dence, there too, at least in Western Europe, the character of the engineer
pretty much stayed the same. The person of the engineer, his or her tem-
perament, held rather steady in the face of the shifting winds of the pre-
vailing medieval Zeitgeist. The period from around A.D. 500 to around

36. James Kip Finch; see http://www.asme.org/history/hquote1.html/.
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A.D. 1400 is typically viewed as rather chaotic. The old Roman system
of a strong central government gave way to a multitude of independent
and self-sufficient towns, duchies, and fiefdoms. R. J. Forbes maintained
that the collapse of “central authority had profound effects on the devel-
opment of engineering, for only a central authority is strong enough to
organize and finance expensive public works like roads building, canals,
and bridges.”3” Engineering became a local and decentralized endeavor.
It contracted. But this was only during the early medieval period. The tide
began to turn, local endeavors began to expand into larger enterprises,
around the turn of the millennium.

In fact, from ancient to contemporary times, there have always been
modulations at the heart of the human condition. The materialist versus
antimaterialist cultural distinction is a case in point. Early on in ancient
times, according to Taichi Sakaiya, there was great potential for vastly
expanding the amount of arable land. Surplus production gave birth to
a system that needed and utilized human beings as “tools with motive
power.” Slavery that had existed on a very limited scale began to be im-
plemented on a grander scale. As a result, more and more goods were
produced, and more and more commerce could thus be carried out.’® In
ancient times a high level of material culture emerged—at least for the
average citizen—and held sway for hundreds of years, until around the
time of Christ and the rise of an antimaterialist ideology.

For the average person, however, the new abundance in ancient soci-
eties had resulted in a materially richer world. We moderns enjoy a sim-
ilar abundance, and in this way materialism characterizes both modern
and ancient cultures. Both modern and ancient societies exhibit notions
of taste and ethical systems that define happiness in terms of a bountiful
supply of goods, and justice as anything that contributes to such bounty.*

But the ancient world gave way to forces of overpopulation and
resource-depletion, as well as economic corruption. More pointedly, how-
ever, the Western Roman Empire was destroyed by Germanic invaders
from the north and the Western Jin dynasty in China was destroyed by
the attacking nomads from the steppes along the northern boarders of
China. Similar attacks destroyed the Gupta dynasty that ruled India. But,
according to Sakaiya, as mentioned earlier, these attacks were not the

37. Forbes, Man the Maker, 103—4.
38. Sakaiya, Knowledge-Value Revolution, 159.
39. Ibid., 134.
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real cause of the decline in these civilizations. “It was the change in tastes
and ethics that had been under way long before that.”#? And these changes,
in turn, were connected to the rising scarcity of resources. The shift was
from the materialistic values of the past and toward a more spiritual kind
of culture. It was a shift toward a society with less material consumption
and objectivity and more of a nonrational spirit that embraced a kind
of social subjectivity and antimaterialism. With the disappearance of re-
sources to make goods to consume, people with social conscience began
to protest materialism. Consumption, it turned out, was not the only path
to happiness. In fact, it was the wrong path, in light of the antimaterial-
istic spirit that was on the rise.

The Middle Ages, whether in Europe, India, China, or the Middle
East, could be characterized, according to Sakaiya as “a lack of goods, a
surfeit of time.”*! The time was devoted to contemplation, meditation,
and prayer, or to leisure activity. This earthly vale of tears, particularly
in the Western Christian view, was considered nothing more than a pre-
lude to an afterlife in a glorious heavenly abode. The paradigmatic figures
of the Western European Middle Ages were people like St. Francis of Assisi,
who walked a spiritual path, practicing love, honesty, poverty, and absti-
nence. He lived a life untouched by economic concerns.

As indicated earlier and as might be expected, scientific and engineer-
ing advances during this period were somewhat stagnant, especially early
on in the Western medieval era, largely caused by a decline in central
authority. Engineers without monumental projects to engage them tended
to become craftspeople. Yet there were several achievements of the medi-
eval period that did engage the premodern engineer, and people of the
medieval period did eventually begin to take an active interest in pro-
moting the engineering of useful things, once it became apparent that many
devices provided an effective work-saving service to society. Though pro-
ductivity itself was never explicitly pursued, the practical benefits of it
started to become more and more apparent in the engineering of a bet-
ter kind of human life. Since the need or desire to be productive in any
systematic way only emerged very slowly, however, so too did any devel-
opments in science and engineering.

What kinds of things were engineered by the premodern engineer in

40. Thid., 162.
41. Ibid., 177.
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the Middle Ages? Cathedrals and mosques were places of prayer and wor-
ship that were among the most spectacular of engineered structures. But
they were few and far between. On a more down to earth level, the steel
plow, introduced around A.D. 600, became a boon to agriculture, espe-
cially in Northern Europe where the soil was rich and loamy. Medieval
engineers utilized the elemental forces of beast, water, and wind to a far
greater degree than was possible in antiquity, where slave power was
the primary force. Although the use of wind power by means of a wind-
driven wheel was practically unknown in antiquity, there was the design
of Hero of Alexandria in the first century A.D. to utilize wind to drive an
organ pump. As Klemm tells us: “The medieval change-over to the appli-
cation of natural sources of power betokened technical progress which
had improved results, comparable in modern times only to those follow-
ing the introduction of the steam engine in the eighteenth century and the
utilization of atomic energy in our own day.”#? (This last quotation by
Friedrich Klemm, it should be pointed out, comes from his book which
was first published in 1954 when the Atomic Age was in full-bloom. Today
we are not so sanguine about the prospects of atomic energy.)

The engineers of antiquity played with the forces of steam and wind,
and actually were able to design and build machinery that worked by mov-
ing weights or by air pressure, and sometimes even by heat.** But there
was little incentive for ancient engineers to harness these forces. If the
development and production of these devices had proceeded in earnest,
what kind of world would have come about? Would the industrial revo-
lution have occurred a thousand years earlier?

Windmills that were more than mere playthings, that actually pro-
duced power for useful purposes, were invented, probably sometime in
the early seventh century A.D., in the region called Seistan, a border low-
land region of southwestern Afghanistan and eastern Iran. Seistan was
very dry and could not depend on running water for power, but it was
quite windy. Windmills were the ideal source of power. The mills were
supported on substructures that provided elevation or on the towers of
castles or on the tops of hills.** That region was in those days part of the
Persian empire. Legend has it that the slave Abu Lulua constructed the

42. Klemm, History of Western Technology, 79-8o.

43. Forbes, Man the Maker, 62-63.

44. Donald Routledge Hill, Engineering in Classical and Medieval Times (London:
Routledge, 1996), 103.
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first windmill for the Caliph Omar.** Unlike the later European windmills
with horizontal windshafts, the Persian windmill had vertical windshafts
with sails. This type of windmill, over the next few hundred years, spread
throughout the Islamic world and eventually to China and India. In Egypt
in the Middle Ages it was used in the sugarcane industry, but its most ex-
tensive application was to gristmilling.* It was not until late in the twelfth
century that windmills appeared in Europe, the first one being built in
Normandy from where its use spread to the Low Countries and across the
channel to England. It soon became the power plant of choice, especially
along the flat wind-blown regions of the European Atlantic seacoast.
The premodern engineer of the medieval period who engaged in the
design and construction of windmills, waterwheels, and agricultural tech-
nologies of various sorts must have been careful, patient, disciplined, and
dedicated to the tasks at hand. A person grounded in context. The pat-
terns of windmill design, for example, were probably passed along to the
engineer from elders and mentors who kept alive a tradition of useful
device development. In addition, many technologies first developed in the
Middle East were brought to Western Europe by travelers and crusaders.

CONCLUSIONS

I was attempting in this chapter to lay out the elements of the character
of the engineer, especially the character of the premodern engineer. The
person as engineer was my chief concern. The premodern and the modern
engineer share much common ground. But the business of articulating a
fixed set of features of the engineer seems to keep unfolding into more and
more “types.” Samuel Florman insists that we acknowledge the variety of
types of people who become engineers, and that sweeping generalizations
are dangerous. “From the ‘rank and file’ to the most productive creators,
from the angry and alienated to the inspired and committed, the profession
contains a wide variety of human types—as well it should, engineering be-
ing an elemental expression of the human spirit.”#” Yet we have some char-
acter traits that must be put forward as ideals. What Florman is talking

45. Forbes, Man the Maker, 93-94.

46. Hill, Engineering in Classical and Medieval Times, 103.

47. Samuel C. Florman, The Introspective Engineer (New York: St. Martin’s Griffin,
1996), 125.
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about is the engineer as person, that is to say, in terms of personality types;
and I am summarizing the person as engineer, namely, in terms of charac-
ter traits. The engineer as person opens up the discussion to the huge vari-
ety of ways of being human. The person as engineer focuses the discussion
onto those particular traits that constitute the essence of the engineer.

Just as designing an attitude-control system, a typical task for an aero-
space engineer with a control theory background, requires a delicate bal-
ance of parameters, so too the articulation of the attitude or character of
the person of the engineer requires some delicate balancing as well. The
person of the engineer, balanced and harmonized in the ideal case, is dis-
ciplined, dedicated, serious, literal (but not inflexible), industrious, rational,
persistent, curious, patient, creative, and imaginative. Those attributes
would seem to serve the traditional engineer as well as the modern engi-
neer. The modern engineer, according to Ted Hissey, a former director of
the 1EEE, also needs a global perspective, must be a team player, and must
have multiplexing capabilities.*® Of course, these days the more com-
puter skills an engineer has the better off he or she will be.

Thus, though the skill sets change, the character of the engineer has
held rather steady over the past several millennia. These character traits
really are appropriate for any kind of professional person. Should not
the lawyer be rational and the physician creative? One major difference
between the engineer and members of other learned and skilled profes-
sions is that we engineers focus primarily on artifacts, and only second-
arily and indirectly on humans themselves. However, that indirect and
secondary reference to humans is precisely where the humanizing of the
engineering project has its point of departure. Recognizing that the prod-
ucts of our endeavors are for the sake of other humans can be the first
step in tuning us to the collegiality we all share as professionals.

48. T. W. (Ted) Hissey, “Enhanced Skills for Engineers,” 1EEE Grid (a newsletter of the
IEEE), February 2001.
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VIRTUE ETHICS

In the previous chapter, I investigated the character of the premodern engi-
neer, who came into being and flourished in the time period roughly from
the pyramids to the cathedrals. The spirit of that character, even today, is
very much present within engineering practice, especially in those projects
which employ heuristic and intuitive methods. The character of the pre-
modern engineer, in fact, was seen to have much in common with the
character of the modern or contemporary engineer. The character of the
premodern engineer was and is gauged by ethical and moral assessments.
The primary ethics extant in the premodern era was virtue ethics, and
that was and is the type of ethics appropriate to the premodern engineer.

The culture of engineering is shaped by the practice and conduct of in-
dividual engineers who adhere to certain moral and technical values, for
example, thoroughness, honesty, industriousness, and efficiency. Those
values are manifest in the character of engineers at work on a given engi-
neering project. In the previous chapter, I presented a general view of the
character of the premodern engineer at work within the culture of the
premodern engineering endeavor. Character, habits, and customs gener-
ally become ingrained in an unreflective manner. For the most part, though
not entirely or necessarily, we adopt them or adapt to them with minimal
deliberation. According to Gregory Trianosky, “Character is the product
not only of voluntary action but also of the activity of temperament, along
with upbringing, childhood experiences, social environment, peer expec-
tations, and pure happenstance.”!

In general, habits may be deemed virtuous, as John Dewey maintains,

1. Gregory Trianosky, “Natural Affection and Responsibility for Character: A Critique
of Kantian Views of the Virtues,” in Identity, Character, and Morality: Essays in Moral Psy-
chology, ed. by O. Flanagan and A. O. Rorty (Cambridge, Mass.: MIT Press, 1990), 104.
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because they are sustained by social approval and admiration.? But such
virtuous habits constitute what Dewey calls customary morality as dis-
tinct from reflective morality. Customary morality is pre-reflective. The
customary morality of the typical premodern or modern engineer is exhib-
ited in the array of her or his character traits. This is the way we have
come to be as a result of social approval for the things we do. In this chap-
ter, I turn toward reflective morality, and look at development of a system
of virtue ethics that might have supported the moral life of premodern
engineers. Plato insisted that basic values were the foundation of moral
and immoral behavior which may exist in any organized whole. As Sher-
win Klein puts it, “The values that guide those wholes mold the charac-
ter of people who participate in the organizations, and the moral and
immoral conduct exhibited in organizations is a product of the charac-
ter of its people.”?

A STORY

In 1968, Ilanded my first job in the booming Los Angeles aerospace indus-
try. I was just out of college with an M.S. degree in electrical engineering,
proud to be contributing to the American effort to get a man on the moon.
But by 1970, aerospace work began to lose its luster for me. The moon
landing in 1969 was a peak experience for the space program, and after
that things began to flatten out. So I decided to return to graduate school
to study electrical engineering and also to try to “find myself.” I didn’t.
But I did get a Ph.D. in electrical engineering and in the mid-1970s set
out in pursuit of an academic position. They were few and far between.
Positions in general in engineering and science were not plentiful in those
turbulent and economically recessive times of the mid-1970s, character-
ized by the winding down of the Vietnam War and a peaking of opposi-
tion to the military-industrial complex.

While finishing graduate work in engineering and completing a thesis
in the area of differential game theory, I was simultaneously attempting
to give myself a liberal arts education, which I had successfully avoided

2. John Dewey, The Theory of the Moral Life (New York: Holt, Rinehart and Winston,
1960), 91.

3. Sherwin Klein, “Platonic Virtue Theory and Business Ethics,” Business and Profes-
sional Ethics Journal 8, no. 4 (1990): 65.
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as an undergraduate. I did succeed in deepening my interest in philoso-
phy, politics, and poetry and was looking for some way to apply the tech-
nical work I had done to a domain of discourse that promoted the social
good in a tasteful if not poetic sense. Though there was poetry, I thought,
in some of the beautiful equations of differential game theory, poetry and
game theory, by and large, seemed miles apart. Most of the work in dif-
ferential game theory, in fact, was in the arena of military applications
and war games. So my quest for an ideal career was going nowhere; how-
ever, some industrial positions were becoming available, and after much
job searching as well as soul searching (and many hours working the reg-
ister at a convenience store), I landed an interview with a large aerospace
company in the Silicon Valley. I was delighted to finally be having an
interview. During the interview the engineers in my prospective group
enthusiastically described the system they were developing. It sensed the
terrain with an ingenious radar mechanism, employed an elaborate feed-
back control structure, and made determinations on the basis of statisti-
cal decision rules. The job offered fascinating prospects for sophisticated
engineering designs. But after the interview I perused the material T had
been given and took a wider look at the project. The technical details
were so interesting to me at the time of the interview that I failed to real-
ize the system I’d be working on was to form part of the signal process-
ing unit of the “aircraft” that came to be the cruise missile.

Here was a serious dilemma. I had come to think that war was good
for “absolutely nothing” except possibly making the rich people richer.
The question I had to face was, Could I contribute to such a project and
thereby to the militarization of the planet? This is not an uncommon prob-
lem in technoscience fields: here was a technically “sweet” project whose
intended use was at best unsettling. What to do? My instincts told me to
walk away. I did and was fortunate soon afterward to get an academic
position, which was more suitable to my temperament.

Reflecting on this situation, I realized that I had not explicitly employed
any particular type of engineering ethics, any system of ethical thought,
to guide my decision about a situation that had obvious moral import. I
didn’t, for example, make the decision by seeking out the greatest good
for the greatest number. I came to a decision based on my character, my
internalized values or ethos, my customary morality. The problem is that
this scenario wherein personal values rather than moral systems guide
ethical decisions appears to be quite common, as I mentioned earlier. Such
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an approach might be adequate for ordinary dilemmas, but with com-
plex dilemmas, often a more explicit approach is called for. The question
arises, What values should engineers and engineering cultivate in an ex-
plicit manner?

Even though systems of ethical thought grounded in abstract princi-
ples began to appear shortly after the dawn of the modern age, engineer-
ing ethics did not come into its own as a separate discipline until the late
1970s, focusing its concerns on codes of ethics. Codes existed prior to
the 1970s—in fact, since the late 1800s for most traditional fields of engi-
neering— but engineering ethics in general and codes in particular were
relatively unknown to most, including me at the time I faced my ethical
dilemma. Codes did attempt to encapsulate modern rule-based and duty-
based ethical concepts appropriate to the engineering enterprise. They
aimed to guide the actions of engineers toward doing the morally right
thing in their employment of engineering methodologies. Within this type
of ethics, the rightness of an action takes priority over the goodness of
the agent. In contrast, in this chapter, I will emphasize virtue ethics, which
links directly to character or ethos of the agent. I advocate restoring virtue
ethics not to replace modern systems of process ethics, whether conse-
quentialist or deonotological, but to complement these ethical theories.

ETHICS AND MORALITY

Ethical theory informs moral practice. Moral practice grounds ethical
theory. One can, for instance, speak of moral theories abstracted from
grounded concrete conduct. This, I believe, is one way virtue ethics is
developed. One can speak of conceptual ethical theories deduced from
abstract ethical principles. Ethical theories, particularly theories of virtue
ethics, as practical theories, might be seen as mid-range phenomena, lying
between the concrete and the abstract.

German idealist philosopher Georg Wilhelm Friedrich Hegel (1770-
1831) proposed a kind of practical reasoning grounded in what he calls
Sittlichkeit, which can be translated as “moral substance” or “moral life,”
the practical realm of moral being and conduct. It is the world of our
everyday involvements in which we encounter reality directly, bearing
always already some sense of how to be in accord with “the ought” or
“the should.” Robert Piercey views a Sittlichkeit as a concrete historical
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community that has a shared way of life. “It has its own conception of
duties, virtues, and the good, conceptions which are taken for granted in
this community but which need not be accepted in others. From this stand-
point, to be a good agent is to be a good member of one’s Sittlichkeit—
to know one’s station and one’s duties.”* The moral life of one’s Siztlich-
keit is contextual and communal and corresponds to Dewey’s notion of
customary morality. Sittlichkeit also resonates with the notion of Gemein-
schaft in Ferdinand Tonnies’s Gemeinschaft/Gesellschaft distinction refer-
ring to two fundamental types of human association. Gemeinschaft is
restricted and exclusive but heart-felt and familial, whereas Gesellschaft
is objective and reflective but more inclusive and open.

Now, even though moral reflection within one’s Sittlichkeit appears,
at best, as a vague pursuit, contemporary philosopher Paul Ricoeur be-
lieves we can flesh out our indefinite intuitions by following Aristotle and
explicating moral reflection that aims at a “good life,” with others and
for others and within just institutions.®* More precisely, we must first of
all inquire about the good life and take steps toward realizing it. Second,
we must do so in the context of being social animals, even though we
might prefer to keep our own company. Third, we must proceed with
fairness toward others we encounter within the historically conditioned
social institutions we find ourselves thrown into. These are the tasks,
according to Ricoeur, to which we humans are assigned in order that we
might flourish in the fullness of our moral experience. These are the first
steps in development of a theory of virtue ethics, and they correspond to
a movement away from one’s Sittlichkeit.

But if we move away from Sittlichkeit, toward what do we move? Hegel
distinguishes Moralitdt from Sittlichkeit. Moralitit is the realm of prac-
tical ethical judgments, based largely in the philosophy of Kant, within
which a general notion of duty is paramount. The notion of Moralitdit
insists that the duties we have in common have nothing to do with the
particulars of our ethical communities, or even with anything in the phe-
nomenal realm, because pure reason gives a moral law to itself, and this
law obliges unconditionally. It is always and everywhere valid.6 Hegel
had in mind specifically Kant’s deontological moral theory of duty, which

4. Robert Piercey, “Not Choosing Between Morality and Ethics,” The Philosophical
Forum 32, no. 1 (2001): 54.

5. Ibid., 59.

6. Ibid., 54.
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I looked at earlier in the text. Moralitdt is essentially the realm of ethical
principles and the practical judgments stemming from them. It resonates
with Gesellschaft in the Gemeinshaft/Gesellschaft distinction.

Consequentialism, as discussed in Chapter 2, is another form of ethi-
cal theory that would be at home in the realm of Moralitdt. The most
familiar form of consequentialism is utilitarianism, which has wide cir-
culation in today’s world. Ethical theory comes in many guises. Utilitar-
ian ethics assumes that one should always seek the greatest good for the
greatest number of people. It would, for example, not require that a prom-
ise be kept if the greater good can be achieved by breaking it.

According to John Rist, Hegel was wary of an overreliance on these
rule-based systems and this realm of principle, this Moralitit: “Any moral
system based on references to rules and principles alone (and which thus
discounts the emotions and intuitions, including empathy, as well as the
proper satisfaction in doing good both immediately and habitually) is
unlivable and necessarily leads either to hypocrisy or to the abandon-
ment of morality itself.”” In addition, as conceptually interesting and
coherent as these rule-based systems might be, they have lately come into
question, not because they are not useful, but rather because they are not
used. In fact, as I mentioned in Chapter 2, one study concluded that most
engineers do not explicitly follow a code or system of ethics when respond-
ing to moral situations; they respond instead in an intuitive, spontaneous
way in accord with their character or ethos from within their particular
Sittlichkeit.’

Is Hegel’s Sittlichkeit/ Moralitit distinction the same thing as the ethics/
morality distinction? If we envision ethics as a theoretical concern with
principles developed from moral practice, then we can say that ethics is
more at home in the Hegelian realm of Moralitdt. And if we envision
morality as actual human conduct in the world of our everyday engage-
ments, then we can say that morality is more at home in the Hegelian
realm of Sittlichkeit. 1 think it is useful to view the Sittlichkeit/ Moralitdt
distinction along a continuum. At one end, there are highly theoretical
and abstract ruminations about “the ought,” and at the other, there are
totally concrete and experiential practices. In between, there is experi-
encing, being, doing, and multiple forms of thinking: abstract thought,

7. John Rist, Real Ethics (Cambridge: Cambridge University Press, 2002), 120.
8. Roy V. Hughson and Philip M. Kohn, “Ethics,” Chemical Engineering, September 2.2,
1980, 132.
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more practical thought, common sense, intuition, and so forth. Matters
of ethical and moral import participate in a dialectical or hermeneutical
oscillation of the elements of the Sittlichkeit/ Moralitit continuum. The-
ories of virtue ethics, developed within the continuum, are practically ori-
ented. Concrete agents of virtue ethics, premodern engineers in our case,
practiced their particular virtues within a familiar and everyday world,
their Sittlichkeit.

THE VIRTUOUS AGENT

When agents, engineers, act intuitively in a virtuous manner, we say they
are acting in accord with customary morality. But what we are after in
this chapter is Dewey’s notion of reflective morality. How can the ancient
ethics of virtue be seen as an instance of reflective morality? Its affinity
for the affective life puts a theory of virtue ethics toward the middle of
the Sittlichkeit/Moralitdt spectrum. Julia Annas maintains that ancient
ethical theories are centered on the life of the agent as a whole. Concern
with character, choice, practical reasoning, and the role of the emotions
is at the heart of these theories.” Still, theories are only theories, and as
Annas cautions us, “All theories, whether deontologieal, consequentialist,
or virtue-based, direct us toward the principles we need to apply to pro-
duce right answers, but this does not mean that they give us the answers;
we apply them to give the answers.”'? That application and the inter-
pretation of the results that follow, along with the development of the
theory itself, are precisely the tasks of the virtuous agent acting in accord
with reflective morality.

Theories of virtue ethics do not typically follow the model of scientific
theory, which involves abstraction, reduction, and formulation of prin-
ciples from which practice proceeds. Theories of virtue ethics do not tend
to be hierarchical and complete. They evolve more as a set of notions
that includes, primarily and primordially, the agent’s final end, the zelos.
They involve, as Ricoeur claims, aiming at some notion of the “good life,”
engaging with others and being for others, and working out details in the
context of a just institution, which for us is engineering. Although there
is general agreement that our general telos is happiness (eudaimonia), the

9. Julia Annas, The Morality of Happiness (Oxford: Oxford University Press, 1993), 4.
10. Ibid., 6.
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nature of that happiness is a wide open topic, which requires an envelop-
ing conversation.

The framework of particular virtues, of concern to a theory of virtue
ethics, is generally nonhierarchical. Scientific theories postulate general
principles, which attempt to subsume particular cases in a clear and dis-
tinct fashion. Theories of virtue ethics embrace the character of the per-
son/agent/engineer in the wholeness of their historical being, and unlike
scientific theories, they function more like a web of relationships thrown
over a sector of reality that structures and shapes that reality.

So how do virtuous agents, like engineers, for example, plying their
trade within the institution of engineering, put into play a virtue ethics?
The principles of a virtue ethics would be the virtues themselves and their
advocacy. How are the virtues to play a role in the formation of the char-
acter or ethos of the traditional engineer? Joel Kupperman maintains
that, in general, character is a web of involvements which includes the
presence or absence of (1) dispositions to recognize certain situations as
ethically problematic, (2) dispositions to treat certain factors as having
special weight in ethical decisions, (3) concerns for certain things thought
to matter, and (4) commitments that provide a connecting thread among
different moments of the agent’s life.!" Commitments, concerns, and dis-
positions—as well as the volition needed to put these ways of being into
play—are all involved in the formation of ethos or character fundamen-
tal to the development of a virtue ethics.

A framework for a theory of virtue ethics might consist of an initial
ethos, a desired final ethos, and virtues to be practiced as means to get
from the one to the other. Greek ethics, the quintessential type of virtue
ethics, had a theoretical structure consisting of three moments. Initially,
William J. Prior maintains, “There is an ideal form of human existence,
which individuals strive to attain and which it is possible for them to
achieve. Second, the virtues are necessary to the attainment of this ideal.
Third, wisdom or knowledge is at least one of the virtues needed for its
attainment.”'2 The wisdom I have in mind is the practical wisdom, or
phronesis, recommended by Aristotle. There is another design for a theory
of virtue ethics from Alasdair Maclntyre. His structure consists of the

11. Joel Kupperman, “Character and Ethical Theory,” Midwest Studies in Philosophy
13 (1988): 116.

12. William J. Prior, Virtue and Knowledge: An Introduction to Ancient Greek Ethics
(London: Routledge, 1991), 4.
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three questions: who one is, who one ought to become, and what form
of action will bring that person from the present to the future.!?

Now, although it is common to say that a virtuous person is a person
of character, I think it is important to keep clear the difference between
character and virtue. Character is who we are in terms of concerns, com-
mitments, dispositions, and volition. Virtues quite simply are those dimen-
sions of a person’s character that have moral worth, over which a person
has some freedom of choice. Persons can, in other words, be held respon-
sible for the exercise or failure to exercise their virtues.

I am assuming that the virtuous agent of the premodern era was pri-
marily moral, rather than ethical, simply because ethical systems as con-
ceptual frameworks, developed within Hegelian realms of Moralitit, only
came into being with the rise of modernity. In recent years, within the
postmodern turn, we have witnessed a decline in the authority of rule-
based or law-based ethical systems. Does this mean that in the future
ethics will disappear? As Zygmunt Bauman explains:

It may well be that the power-assisted ethical law, far from being
the solid frame which protected the wobbly flesh of moral stan-
dards from falling apart, was a stiff cage that prevented those
standards from stretching to their true size and passing the ulti-
mate test of both ethics and morality—that of guiding and sus-
taining inter-human togetherness. It may well be that once that
frame has fallen apart, the contents it was meant to embrace and
contain will not dissipate, but on the contrary gain in solidarity,
having now nothing to rely on but their own inner strength. It
may well be that with attention and authority no more diverted
to the concerns with ethical legislation, men and women will be
free—and obliged—to face point-blank the reality of their own
moral autonomy—and that means also of their own non-get-
riddable, inalienable moral responsibility. It may happen (just
may) that in the same way as modernity went down in history
as the age of ethics, the coming post-modern era will come to be
recorded as the age of morality.'*

13. James E. Keenan, S.J., “Virtue Ethics: Making a Case as It Comes of Age,” Thought,
vol. 67, no. 265, June 1992, p. 120.
14. Zygmunt Bauman, Life in Fragments (Oxford: Blackwell Publishers, 1995), 36-37.
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PRACTICE

Virtue must be practiced. A good character does not emerge from isolated
good acts or from a natural inclination to lead a good life. A good char-
acter emerges only through more or less explicit adherence to a virtue
ethic. Engineering, of course, consists of acts, and moral judgments con-
cerning acts fall typically within the domain of rule-based ethics, whereas
virtue ethics focuses on the character of the agent involved in the prac-
tice. Within the practice of engineering, then, virtue ethics and rule-based
ethics tend to converge. Hence, codes of ethics in which rules, standards,
values, and ideals of the engineering profession are most explicitly formu-
lated should reflect the virtues that indicate the morally good engineer.
An engineer, for instance, who follows a code of ethics should become
virtuous, while a virtuous engineer would no doubt follow the code of
ethics of his or her discipline.

Julia Annas maintains that virtue is not a neutral kind of excellence or
an excellence in achieving some non-morally specified way of being. Vir-
tue is “a complex disposition to do the morally right thing for the right
reason in a consistent and reliable way, in which one’s emotions and feel-
ings have so developed as to go along with one’s decisions.”" Dispositions,
however, need to be enacted in order to be manifest. So, we can take vir-
tue in a more dynamic sense as a practice in search of a moral excellence,
which, of course, presupposes a disposition to engage in the practice in
the first place. Alasdair MacIntyre defines virtue as “an acquired human
quality the possession and exercise of which tends to enable us to achieve
those goods which are internal to practices and the lack of which effec-
tively prevents us from achieving any such goods.”'¢ These practices in-
volve interpersonal relationships and social cooperation.

Crucial to Maclntyre’s analysis is the distinction between internal and
external goods. Money, for example, is an external good that might come
from the practice of baseball. But an external good is a good that can be
achieved by engaging in other activities as well, like making good real
estate investments. On the other hand, there are goods internal to the
playing of baseball that cannot be explained, experienced, or understood
apart from the specific context of the practice. For example, becoming an

15. See Annas, Morality of Happiness, 441.
16. Alasdair Maclntyre, After Virtue, 2nd edition (Notre Dame: University of Notre
Dame Press, 1984), 191.
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excellent line-drive hitter is an internal good in baseball.'” An example
from engineering of an internal good: becoming an expert or even a virtu-
0so in the design and implementation of digital networks for a wide vari-
ety of engineering problems.

Having that proficiency is a good in itself in the sense that it embell-
ishes the practice of engineering, advancing its benefits to society at large.
In the process of acquiring that skill the engineer engages with others in
a variety of cooperative ventures. It is precisely within that engagement
that virtues are exercised. Of course, an engineer can use this internal
good to achieve an external good, like fame, by presenting papers at con-
ferences or writing textbooks.

The ethos of engineering is the ethos of engineers practicing as engi-
neers. And that generally means practicing collectively. This is not to be-
little the achievements of individual engineers. Their acquisition of skills
is an essential element in both traditional and modern engineering prac-
tice. The point is that their technical skills as well as moral virtues are
never truly possessed unless they are exercised and that exercise is invari-
ably a collective enterprise. The collective practice of engineering must
be distinguished from the institution of engineering. The collective prac-
tice aims at internal goods. The institution aims at external goods. Insti-
tutions form the necessary context for the practice. They are structured
in terms of power and prestige. They distribute money, power, and status
as rewards.8

The pursuit of external goods does not require the exercise of any spe-
cial moral virtues, but depends on ambition and self-interest, natural
human drives that institutions organize and channel. The problem is that
even though the pursuit of external goods through its institutions is a
necessary part of engineering practice, the pursuit of internal goods and
the engagement of the virtues in engineering practice might bar us from
being rich or famous or powerful. Thus, although we may hope that we
can not only achieve the standards of excellence and the internal goods
of certain practices by possessing the virtues and also become rich, famous,
and powerful, the virtues are often a potential stumbling block to this com-
fortable ambition."”

17. Randolph Feezell, “Sport, Character, and Virtue,” Philosophy Today 33, no. 3/4
(Fall 1989): 205.

18. See Maclntyre, After Virtue, 194.

19. See ibid., 196.
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The possible conflict between internal and external goods is a serious
concern, but the possible conflict between different types of internal goods
is even more serious. The question of goods internal to engineering is com-
plicated by the fact that the engineer is engaged in a practice that has var-
ious dimensions, which often exhibit value conflicts. Like many a modern
engineer, physicist J. Robert Oppenheimer was attracted to a problem that
to him was technically sweet but morally repugnant: nuclear weapons
work. Oppenheimer was enthralled by nuclear science but was also deeply
troubled about atomic weapons. He sought to delay the development of
the hydrogen bomb while avenues for arms control could be explored.?

The question seems to be, How can engineers, while exercising tech-
nical virtuosity, design and create devices, networks, organisms, structures,
and systems that influence society in ways that enhance the common or
social good? The social good is an internal good of engineering practice
that should take precedence over other forms of internal goods.

Morality stems from our connections with each other in shared worlds
of our everyday commitments and concerns. Those connections between
human and nonhuman beings take on myriad shapes, some of which are
of particular concern to the engineer. The three kinds of connection I
look at here are characterized by being-toward the other, being-with the
other, and being-for the other.

Being-toward suggests a kind of objectivity. More completely, being-
toward means finding myself being-along-side those other humans and
nonhuman beings toward whom or toward which I have already adopted
an attitude. I feel compelled to treat objectively and fairly the other toward
whom or toward which I relate as an engineer. I may in fact not do so,
but then I am not being virtuous. Being-with encompasses being-toward
because it presumes being-toward but includes an additional realization
that “we are all in this together.” If so, being-with necessitates at least a
sense of honesty. I feel compelled to treat in a spirit of openness and truth-
fulness the other with whom I relate as an engineer. Again, I may not do
so, and may fail to be a virtuous engineer by being dishonest. Being-for
the other encompasses both being-toward and being-with the other. In
being-for the other, according to Zygmunt Bauman, we follow our most
basic moral impulse. “Following the moral impulse means assuming re-
sponsibility for the Other, which in turn leads to the engagement in the

20. See Pacey, Culture of Technology, 125.
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fate of the Other and commitment to her/his welfare.”?! The practice of
care, objectivity, and honesty ensures the moral integrity of engineers en-
gaged in the project of engineering and authenticates the place of that
project within the human family.

In this discourse, I am talking about the practice of a system of virtues
as seen from a contemporary perspective. The premodern engineer may
certainly have practiced a different virtue set, perhaps involving virtues
like temperance, loyalty, obedience, justice, and so on. It is important to
keep in mind that the ancient form of virtue ethics was a rather different
affair, not only in content but also in structure, than what we moderns
are apt to embrace. This is because in the ancient world ethical theory
was not viewed as a problem-solving mechanism. Ethical theory emerged
from the need to reflect on ultimate goals in life and on how to live a
happy life. A theory that led to solutions of ethical conflicts was second-
ary.2? In the modern world, especially in the case of the practice of engi-
neering, problem-solving is paramount, and we would no doubt like to
have a virtue ethics that incorporates that fact. My intention is to lay out
a virtue ethics that follows an ancient virtue ethics structure, providing
a place from which an engineer can evolve into the fullness of his or her
being, but at the same time involving an assessment mechanism—to be
sketched out at the end of the chapter —that leans in the direction of the
practices of a more modern agenda.

OBJECTIVITY

Engineers should practice the virtues of care, honesty, and objectivity in
order that they might inculcate an ideal character in the service of the tra-
ditional values of the engineering endeavor. If all engineers are of authen-
tic character, then the culture of engineering will be attuned to the good,
and the virtuous practice of engineering will be in the service of the com-
mon good and the betterment of society.

The practice of virtues will no doubt be motivated by external goods
of money, power, and fame; yet this motivation should be subordinated
to the pursuit of internal goods. One reason I propose care, honesty, and

21. See Bauman, Life in Fragments, 100.
22. See Annas, Morality of Happiness, 443.
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objectivity as fundamental virtues is that they encompass many of the
proposals offered in the literature. For instance, Edmund Pincoff advises,
for the modern world, and not necessarily just for engineers, that persis-
tence, courage, and unflappability in face of setbacks are desirable instru-
mental virtues and tolerance and tact desirable diplomatic virtues.?? These
virtues, it seems, do speak to the needs of the engineer, and many of them
fall under the broad heading of care and objectivity.

Another set of virtues, even more closely aligned with mine, comes from
Maclntyre, who advocates the practice of the virtues of justice, courage,
and honesty.?* He sees these as being essential for governing the social
relations involved in all our human practices. One more recent exposi-
tion of a system of virtues can be found in the book The Moral Sense by
James Q. Wilson.?> He suggests that we work on developing the innate
sentiments, common to all humans, of sympathy, fairness, self-control,
and duty. MaclIntyre’s notion of justice and Wilson’s notion of fairness
resonate with what I am calling objectivity.

Objectivity is the disposition of impartiality and all that that connotes.
Following Lawrence Haworth, I see objectivity as roughly synonymous
with a personal outlook or stance of impartiality or fairness, but with the
added sense of being oriented outward onto the objects I encounter, locat-
ing meaningfulness in those objects themselves rather than in the way
those objects impact me or the groups with which I identify.?

To be objective is not to be aloof, uninvolved, or uncommitted. It is
to be disinterested rather than uninterested. To be objective is to take into
account all relevant factors. To resolve an issue objectively or disinter-
estedly is to have as a trait of character a standing disposition to take
into account only the facts, interests, and beliefs that are relevant to the
issue at hand, setting aside one’s biases and singular interests, deciding
the matter on its own merits. We all have that disposition to some extent,
but no one exhibits it consistently or totally.”” My proposal is that engi-
neers embrace this kind of circumspect objectivity as a contribution to a
positive engineering character. Though most engineers are so inclined to

23. Edmund L. Pincoff, Quandaries and Virtues (Lawrence: University of Kansas Press,
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24. See Maclntyre, After Virtue, 191.

25. James Q. Wilson, The Moral Sense (New York: The Free Press, 1993).
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some degree, I want to designate this sense of objectivity as an explicit
ingredient in the proposed virtue ethic. This kind of objectivity, practiced
as a virtue, seems to provide the conditions that make possible an open-
minded consideration of rule-based ethical systems, such as codes of engi-
neering ethics. This notion of objectivity refers to a self-transcendence —
a transcendence of the self, but not a transcendence of the project—within
which I move beyond mere self-interest. I become more than myself by
affirming my individuality but at the same time affirming my connection
to the other beings in my world. The objective engineer practices in a
socially responsible way. Such practice, says Haworth, “directs the person
outwards, toward other persons and objects to which value is attributed,
and the self affirmed through the activity is one defined by its relationship
with those persons and objects”28

Here is an example. A positive engineering solution to the problem of
land erosion calls for a practice of the virtue of objectivity toward graz-
ing land. Many ranchers graze cattle in small fenced-in areas, because
cattle are easier to control this way. The problem is that the cattle in such
circumstances tend to consume all the green edibles in that area, which
leaves nothing to hold the topsoil together, causing erosion of the soil.
Agricultural engineers, working perhaps as a consulting team hired by
the ranchers, might suggest to the ranchers that the solution to their ero-
sion problem is to graze the cattle in larger areas. Cattle will then only
eat the greenest grass and leave much foliage that will hold the topsoil
together. Of course, this solution is expensive. Can ranchers afford it?
Can they afford not to? The view of land as a resource that has value
only to the rancher who owns it must be expanded “objectively” to be
able to see the land as having value in its own right and to persons and
animals other than the landowner. This is the “big picture” view that is
fair and impartial. Such a view might decrease short-term profits to the
owner and thus be seen to be in opposition to the pursuit of their exter-
nal goods. Most ranchers are business people who aim to make money.
The consulting engineers in my example are also in business to make
money, but for them to act as true professionals seriously engaged in objec-
tive engineering practice, they must look at the erosion problem with the
widest possible perspective. That invariably implies that they recommend

28. Ibid., 91-92.
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environmental responsibility, the long-term approach, over the short-term
profit motive. Trade-offs will be necessary. The conflict between short-
term and long-term goals will be an inexorable presence in much profes-
sional practice. Nevertheless, the objective engineer, in the face of a variety
of allegiances—to client, company, profession, and the social world —must
practice in an environmentally and socially responsible manner, which
may seem to be at odds with the pursuit of external goods, at least over
the short term.

The element of self-transcendence as part of objective engineering prac-
tice also enhances the professionalism of engineering. The dedication of
engineers to their profession implies that they are directed not only to-
ward satisfaction of personal wants, but also toward expressing the val-
ues of the socially defined practice of the engineering profession. An
engineer will ideally value and be directed toward the practice that holds
the highest standards. These standards are passed on through the vari-
ous ways that engineers learn to engineer within the social tradition of
engineering practice. For example, even though formal apprenticeship
programs do not exist as much today within engineering as within med-
icine, newly hired young engineers are usually called on to assist senior
engineers in various projects. Also, codes of engineering ethics, reflecting
and summarizing the social traditions of engineering practice, articulate
what the tradition views as the responsibilities practitioners have to one
another as participants in their practice. Treating each other fairly as codes
of ethics mandate, for instance, implies the practice of an underlying vir-
tue of objectivity in the sense discussed here.

Virtues are qualities necessary to achieve the goods internal to prac-
tices. Practicing the virtue of objectivity leads to a self-transcendence that
opens up the context of engineering practice. Within that expanded view,
we see that internal goods can only be achieved by subordinating our-
selves within engineering practice to our relationship to other engineers.
As practicing engineers we are always already in relationships to other
engineers with whom we share the kind of purposes and standards that
inform the practice of engineering.? Virtues are not only qualities neces-
sary to achieve the goods internal to practices, but are also the qualities
contributing to the good of one’s whole life.

29. See Maclntyre, After Virtue, 91.
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HONESTY

Nietzsche considered honesty the only virtue. In his Autobiography, Ben
Franklin confesses that when he was young, he and his friends stole stones
from a house about to be built. They used the stones to build themselves
a little wharf for their fishing-hole. “The next morning the workmen
were surprised at missing the stones, which were found in our wharf.
Inquiry was made after the removers; we were discovered and complained
of; several of us were corrected by our fathers; and, though I pleaded the
usefulness of the work, mine convinced me that nothing was useful which
was not honest.”® True utility, which is at the heart of the engineering
endeavor, in fact, calls for a sense of honesty on the part of all involved.
Even though Franklin suggested hard work and frugality as primary indi-
vidual virtues required of us all, he declared honesty to be his primary
social virtue. “Whereas effective people tend to be distinguished by their
hard work and frugality, effective societies tend to be distinguished by
their social commitment to honesty.”3! The society we have in mind is
the society of engineers, working together, being-with each other, con-
nected in a cooperative and truthful manner, not just to other engineers
but also to people in the social world who motivate their endeavors and
are impacted by their products.

Ephesians 4:25 commands, “Wherefore putting away lying, speak every
man truth with his neighbour: for we are members one of another.” In
being-with we are certainly connected, each to each. However, sometimes
the truth can be neither kind nor useful. Knowing when to speak and when
to keep silent requires the integrative virtue of phronesis. As Maclntyre
tells us: “Lutheran pietists brought up their children to believe that one
ought to tell the truth to everybody at all times, whatever the circum-
stances or consequences, and Kant was one of their children. Traditional
Bantu parents brought up their children not to tell the truth to unknown
strangers, since they believed that this could render the family vulnerable
to witchcraft. In our culture many of us have been brought up not to tell
the truth to elderly great-aunts who invite us to admire their new hats.”3?
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For virtue ethics lying is of course wrong, but in a manner that is not
as direct or as strict as it is for the deontological ethics of Kant, which
declares any lying absolutely incompatible with moral rectitude. In virtue
ethics actions are judged right or wrong according to one’s overall char-
acter. Virtues are positive qualities of people —culturally ingrained on the
one hand, but freely chosen on the other—which orient us toward cer-
tain types of behavior and not others. Objectivity and honesty, for instance,
are virtues engineers might practice to help fulfill their human potential.
From the perspective of virtue ethics, to practice the virtues is to be eth-
ical. With virtue ethics it is difficult to assess, in an unambiguous man-
ner, the morality of distinct acts. Nevertheless, virtue ethicists typically
consider lying wrong since it is in opposition to another virtue, namely
honesty. But there is ongoing discussion about whether a lie might be
acceptable when told in the service of another virtue. There is the classi-
cal example of a conflict between honesty and compassion: the son’s lie
to his drunken father is in the service of compassion for the mother and
her physical safety. Conflict between virtues is resolved by appealing to a
notion of the unity of the virtues, which is really just another version of
practical wisdom or phronesis. In accord with this unity, the ideal virtu-
ous person achieves all the virtues whenever he or she achieves any one of
them. What this might entail is to emulate an ethical exemplar, a person
whose ethicality comes across as balanced, centered, focused, and neutral.
In looking at lying from this broader perspective, virtue ethics would find
it to be immoral only if it indicates a divergent movement away from,
rather than a convergent movement toward, the process of coming into
the fullness of our moral being within the context of being-with others.

To be with the other in a way that leads to a flourishing existence
requires at the very least that we are civil and honest with one another.
This is certainly true of engineers. As engineers in contemporary times,
whether premodern or modern, working typically in teams, we strive to
bring useful things into being, to realize the promise of technology. The
need for trust and therefore honesty is amplified in such settings. Recall my
earlier mention of the distinction between Gesellschaft and Gemeinschaft
outlined by the German sociologist Ferdinand Tonnies (1855-1936).%
Gesellschaft is characteristic of the being-with form of relationship,

33. Ferdinand Toénnies, Community and Society: Gemeinschaft und Gesellschaft, trans.
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Gemeinschaft of the being-for form. Gesellschaft, ordinarily translated as
“society,” is largely functional. The members of a Gesellschaft, such as a
typical engineering team, are being-with each other. They must practice
objectivity and honesty in their relations, but their bond is their common
purpose, the project. The members of a Gemeinschaft have the potential
of being-for each other. A long-standing premodern engineering com-
munity or a group engaged in focal engineering would find their bond in
each other.

To practice the virtue of honesty in its purest form means to tell the
truth, to avoid the lie. Honesty is a virtue we would no doubt like every-
one to practice. It greases the wheels of social interaction. In the practice
of science and engineering, lying can cause severe problems. As Edmund
G. Seebauer and Robert L. Barry maintain, misrepresenting data or pro-
cedures derails the effort to discover the truth about reality, and inflat-
ing one’s contribution to a project at the expense of others corrodes the
team effort needed for long-term success.>* In their seminal work on engi-
neering ethics, Harris, Pritchard, and Rabins point out seven different
ways that engineers can misuse the truth. These include intentional false-
hoods or lies, deliberate deception, withholding information, failing to
adequately promote the dissemination of information, failure to seek out
the truth, revealing confidential or proprietary information, and allow-
ing one’s judgment to be corrupted.’

A classic example of honesty as well as misusing the truth is the case
of the 1986 Challenger disaster, in which seven astronauts lost their lives.?
The problem of the faulty O-rings is widely known within the engineering
community. Morton-Thiokol engineers Roger Boisjoly and Arnie Thomp-
son expressed their concerns about the booster rockets under cold weather
conditions. They were trying to be virtuous engineers. The cold would
exacerbate the problems of joint rotation and O-ring seating. Predicted
temperature at flight time was to be 26°F, but the lowest temperature ever
experienced by the O-rings in any previous mission was 53°F in a 1985
flight. Even at this temperature, the boosters had experienced O-ring
erosion. Since the engineers had no temperature data below 53°F, they
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and Engineers (Oxford: Oxford University Press, 2001), 145. This is the first engineering
ethics text that stresses virtue ethics.

35. Harris, Pritchard, and Rabins, Engineering Ethics, 119—21.

36. The information on the Challenger disaster was drawn from the cp-rRoM included
with Harris, Pritchard, and Rabins, Engineering Ethics.
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could not prove that it was unsafe to launch at lower temperatures. The
engineers recommended that NAsA delay the launch. A management deci-
sion was called for, and after much haggling, management decided that
from their “engineering assessment” a launch was recommended. These
managers were not being honest. Of the seven types of dishonesty, this is a
case where they were allowing their judgment to be corrupted, in this case
for political reasons.

CARE

I have established that a virtuous engineer must practice objectivity and
honesty; yet these alone are not sufficient. He or she must also practice
the virtue of caring. If I am being-with a group of other humans, say my
colleagues or my friends or even a group of people on the street, and
practicing honesty in an intersubjective manner, I might want to further
my connections by asking, What else is there? The next step beyond mere
being-with is being-for, as propounded by philosopher Emmanuel Levi-
nas. His thinking initiates from the idea that ethics arises out of relations
with other people, not from a universal law.’” The source of meaning in
our lives, that to which we are responsible, is the friend or stranger in
whose eyes I can recognize myself.

Caring for the other requires doing something that true being-for de-
mands. To the helpless I must provide help. To the starving I must provide
food, and so on. The care exercised in the being-for relationship opens
up the possibility of an authentic being-with and being-toward exhibited
in the practice of objectivity and honesty. Care makes us one. Care in the
widest sense links humans to their world. I care about “x,” and “x” is
thereby incorporated into my world, my context of involvements, which
in turn grounds and conditions me. Care is connective. It is the sponta-
neous enactment of the relationship of being-for the other. Just as being-
toward may elicit a deeper relationship of being-with, so too can being-
with give rise to being-for. Here is Zygmunt Bauman echoing Levinas:

To take a moral stance means to assume responsibility for the
Other; to act on the assumption that the well-being of the Other
is a precious thing calling for my effort to preserve and enhance

37. Jill Robins, ed., Is It Righteous To Be? Interviews with Emmanuel Levinas (Stanford:
Stanford University Press, 2001), 114-15.
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it, that whatever I do or do not do affects it, that if I have not
done it, it might not be done at all, and that even if others do
or can do it this does not cancel my responsibility for doing it
myself. . . . As the greatest ethical philosopher of our century,
Emmanuel Levinas, puts it—morality means being-for (not merely
being-aside or even being-with) the Other. And this being-for is
unconditional (that is, if it is to be moral, not merely contrac-
tual) —it does not depend on what the Other is, or does, whether
s/he deserves my care and whether s/he repays in kind.3$

The care I have for the other flows along the threads of the web of
relationships. That web of life, claims Carol Gilligan, depends on con-
nection and is sustained by activities of care. It is based on a bond of
attachment rather than a contract of agreement.? Like Levinas, Gilligan
detects a totally different approach to ethical life than acting on univer-
sal principles, which was Kant’s approach. The “different voice” Gilli-
gan wants us to hear is the voice of care, doing instinctively whatever the
situation demands.*

Nel Noddings elaborates on Gilligan’s ethics of care, providing dis-
tinctions and definitions for a philosophical analysis of care. Noddings
distinguishes the care-giver as the “one-caring” from the recipient as the
“cared-for,” insisting that both parties must be involved in this relation-
ship if caring is to be complete. Noddings also contends that our obliga-
tion to actually be caring is limited by the possibility of reciprocity. We
are not obliged to act as one-caring if there is no reciprocity, no possibil-
ity of completion in the other.#! This implies that ethical caring is restricted
to the human domain. As we move from the human level to the animal
level to the plant level to the level of the inanimate object and the idea,
we move “steadily away from the ethical toward the sensitive and aes-
thetic.”#> We can have a kind of nonethical or aesthetic caring, Noddings
suggests, for beings that are not members of the human race.

38. See Bauman, Life in Fragments, 267-68.

39. Carol Gilligan, In a Different Voice (Cambridge, Mass.: Harvard University Press,
1982), 57.

40. Hubert L. Dreyfus and Stuart E. Dreyfus, “Toward a Phenomenology of Ethical
Expertise,” Human Studies 14 (1991): 246.

41. Nel Noddings, Caring: A Feminine Approach to Ethics and Moral Education (Berke-
ley and Los Angeles: University of California Press, 1984), 149.

42. Ibid., 1671.
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But this seems a bit contrived, a move by Noddings to save her notion
of reciprocity. Levinas and Bauman, in fact, argue just the opposite, that the
other’s mere presence obliges us to be there for him/her/it. Deane Curtin,
writing from the ecofeminist perspective about the treatment of nonhuman
animals and the environment, generalizes and expands the idea of care
advocated by Noddings by distinguishing between caring about and caring
for.® I care about a general idea. I care for a specific person. And I can
care about things as well as ideas. My involvement with a rock, an idea,
a tree often involves an ethical dimension, an “ought.” The ought of envi-
ronmental ethics, for instance, insists that we listen to the voice of nature.

Though the needy other may oblige me in such a way that I respond
without thinking of any kind of reciprocity, there is still a kind of reci-
procity, or at least connectivity, at work among humans and between
humans and the nonhuman world. I project my possibilities onto an “x”
that I encounter. But to live in fullness of the experience of “x,” I ought
to embrace the possibilities that “x” projects onto me, to let “x” speak
in a sense. This field of mutually projected possibilities is the world of
care, and this world includes humans I care for from whom I can hope
for—but not require—some kind of reciprocity, as well as things I care
about, which from time to time grace me by the presence of their being.

To be sure, we humans are caring creatures in the sense of being con-
nected to our world, typically interacting with a variety of other humans,
pursuing goals, enacting roles, and employing an interconnected array of
tools, devices, structures, and systems. The question becomes, How might
these ideas of the broad sense of care speak more directly to a possible vir-
tue ethic for engineering? Milton Mayeroff’s slim volume On Caring lacks
the philosophical depth and political urgency of the works of Gilligan,
Noddings, and Baumann; nevertheless, his view of the caring relation-
ship is very specific and systematic and seems especially relevant to the
world of engineering. Following Mayeroff, I will view care as the practice
of helping the other to grow, where “other” can refer to people, places,
projects, ideas, or things. I experience what I care for (a person, an ideal,
an idea) as an extension of myself and at the same time as something sep-
arate from me that I respect in its own right.** The idea of something sep-
arate from me that I respect in its own right recalls the virtue of objectivity

43. Deane Curtin, “Toward an Ecological Ethics of Care,” Hypatia 6, no. 1 (1991): 67.
44. Milton Mayeroff, On Caring (New York: Harper & Row, 1971), 5.
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as treatment of the other with fairness. In caring for the other I do not
insist on my own agenda, but I appreciate the needs of the other, and I
follow the direction of the other’s growth. Generally, Mayeroff maintains,
I experience the other’s development as bound up with my own sense of
well-being. How I am and how it is are mutually interdependent because,
in the context of care, I am always already in the world, in relationship
with an array of others.

Mayeroff’s notion of care is very broad and subsumptive. It is synon-
ymous with mutual concern, benevolence, and the kind of love that was
known as caritas in the medieval world. St. Thomas viewed caritas as the
greatest of the virtues. St. Augustine maintained that all we needed to do
was practice charity (love, care), and the good life would automatically
fall into place: “dilige et quod vis fac” [love and do what you will].
Mayeroff’s notion of care implies a host of other virtues: knowing (im-
plicit as well as explicit knowing), patience, trust, humility, hope, courage,
and what he calls alternating rhythms (moving back and forth between
a narrower and wider perspective on a given problem). Mayeroff also
mentions honesty as involved in his notion of care, although I treat it
separately. Also, as I mentioned, the virtue of objectivity, considered in
the comprehensive manner presented previously, resonates with many of
the virtues that Mayeroff’s notion of care implies.

Care, enlivened by and enlivening the creative spirit, is at the heart of
the endeavor of being human, and that creative spirit is manifest to vary-
ing degrees in all aspects of life, including the practice of engineering.
Though some might claim we need to sever our connections in order to
do good engineering, it is only those connections that allow us, in the
first place, to comprehend the needs that provide the impetus for the engi-
neering project. A certain kind of disconnection, a de-worlding, was seen
to be intrinsic to the modern engineering enterprise. But, as Andrew Feen-
berg maintains, such de-worlding will be complemented by a world-
disclosing process that requires a caring connectivity.*

How do we in doing engineering invoke the virtue of care? I think the
character of most engineers is always already attuned to care to a large
degree. To increase the stature of care we need only invoke it more ex-
plicitly. As mentioned earlier, there are stories of some heroic engineers

45. Andrew Feenberg, “Modernity Theory and Technology Studies: Reflections on Bridg-
ing the Gap,” in Modernity and Technology, ed. T. Misa, P. Brey, and A. Feenberg (Cam-
bridge, Mass.: MIT Press, 2003), 73—-104.
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putting the resources and expertise of their small computer companies at
the service of a community center in a poor part of town, or others going
to third world countries and setting up water procurement systems that
immensely improve the quality of life for obviously needy people.

PHRONESIS

The virtues, however, are characteristics of persons, of the character of
persons, not algorithms for solving ethical problems. Problem-solving
requires another human excellence, the perfection of the activity of delib-
eration, which is called the virtue of prudence, practical wisdom, or
phronesis. It is the excellence of discerning what is truly good for us, as
individuals, or for human beings in general. It is the excellence of a cer-
tain kind of thinking—what Aristotle called an intellectual virtue. How-
ever, phronesis plays an instrumental role in guiding action to its proper
end. It involves both theory and practice. Aristotle differentiated phrone-
sis from, among other things, theoretical wisdom (sophia) and scientific
thinking (episteme). It is through phronesis that we discern and choose
appropriate goals of ethical virtue. Thus, ethical virtue without phrone-
sis remains directionless. But discernment of the good and perfection of
deliberation are dependent on having a good character. Hence, without
ethical virtue, one might be able to figure out an appropriate end, but one
would not be able to choose the proper means. And without phronesis,
one might be able to choose the appropriate means but not the right end.
Excellence of character, then, and practical wisdom together form a unity.

The virtue ethic I propose, headlining care, honesty, and objectivity,
should promote an ideal ethos for the engineering profession. Tying them
all together, achieving the unity of these virtues, requires phronesis. How
does one take on such an ethic? Phronesis seems to take time and the
incorporation and integration of the experience that goes with it, but to
get started, no complex equations or calculations are required. (As I will
show in the next section, however, some simple equations might be help-
ful in initiating the ethical discussion.) The most direct approach is sim-
ply to begin to be and act in a more caring, honest, objective way. With
practice and experience these virtues will become part of the fiber of the
being of the engineer. Engineers, practicing objectivity, honesty, and care
over time, develop the soundness of judgment we call phronesis. There
are engineers who have a knack, an intuition, for seeing the technically
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right thing to do even in very complex technical situations. What I am
calling for is more ineffable, more rare, more difficult to discern. I am call-
ing for engineers who have a knack, an intuition, for seeing the morally
right thing to do even in very complex moral situations.

Roger Boisjoly’s experiences as a Morton-Thikol engineer involved
in the Challenger space-shuttle flight would, I believe, qualify him as a
phronemos (one who practices the virtue of phronesis). He looked at the
O-ring quandary in a fair and objective manner. There were obvious prob-
lems in that performance data was simply unavailable at low temperatures.
Boisjoly was honest in his assessment of the situation. He forthrightly
stated his belief that the flight should be delayed. He showed that he
cared about the safety of the flight and for all involved. He took his posi-
tion in the face of management pressures to give the flight a green light.
Though management ultimately prevailed and the disaster that resulted
shook the nation, throughout it all, Boisjoly acted as a true phronemos.
Though his authority was limited, he acted as best he could and made
his decisions, based on many years of experience, with the aim of con-
tributing to the overall common good. He can be characterized as a phro-
nemos, not just because he practiced the moral virtues of care, objectivity,
and honesty, but also because he directed those virtues toward a proper
goal, the common good, the health and safety of all involved.

Practical wisdom has a broad focus. It is proactive as well as reactive.
Practical wisdom in the practice of engineering in a caring, honest, and
objective manner can benefit the person as engineer and distinguish the
engineer as person, as well as provide a positive focus for the profession.
In order to practice the specifics of a particular task in harmony with a
positive virtue ethics, we must aim not merely at external goods like
money, power, and fame, but also at internal goods like virtue or social
consciousness, sought in a collaborative engagement. Seeking such inter-
nal goods in a caring, honest, and objective manner should help to enno-
ble engineering practice, as the practice exhibits a more salutary influence
upon the society in which it is embedded.

BRINGING IT TOGETHER AGAIN

In Chapter 2, I discussed a quasi-mathematical approach to initiating the
discussion about process ethics. Here I will present an analogous approach
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for virtue ethics. To bring all the pieces of the puzzle together, I will con-
sider all three virtues of objectivity, honesty, and care in terms of an ex-
ample, the same example, in fact, that I used in Chapter 2 involving the
engineering of Radio Frequency IDentification (RFID) devices. Again,
assume the technical aspect of the engineering has been impeccably done,
meeting all the standards of efficiency and productivity. How might we
assess the moral dimension of the engineers involved in the engineering
of RFID devices? We could certainly gauge them against the virtues I have
put forth in this chapter to constitute a virtue ethics of the engineer,
namely, the practice of objectivity, honesty, and care. This assessment can
be carried out at the company level, perhaps initially within the group.
Ultimately, assessments of the engineers involved in the RFID group will
need to be done within the conversation of the lifeworld, with all inter-
ested parties involved.

If I assign a value function (J, J,, J.) to each of the three virtues I am
aiming at, [ can write

By definition J, =B, J, + B, J, + B, J.
with B, + f, + [33 = 1.0

where the P, terms are weighting factors whose values are to be deter-
mined by consensus. Initially assume all three value functions are equally
weighted, so all §, terms will be set to 1/3. Assume all three value func-
tions can range from —3 to +3.

Assume the group leader is assessing the ethics of the engineers in
terms of the virtue ethics discussed in this chapter. She decides that the
objectivity or fairness of the RFID team members is at issue. With regard
to such issues, Seebauer and Barry distinguish between different ways
credit gets distributed. “Rewards include intangibles like notoriety and
influence, and tangibles like promotion and salary increases.”#¢ Assume
everyone on the RFID team is poised to get a ten percent raise because
the team made a big breakthrough, but not everyone on the team con-
tributed equally. Some members feel they did most of the work, and a
few who did very little want all the credit. Seebauer and Barry: “Clearly,
fairness requires that all members of the group contribute to the effort
in proportion to the time and talent available to them. An open, honest
discussion at the outset of the effort of who can best contribute what helps

46. See Seebauer and Barry, Fundamentals of Ethics, 175.
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to avoid misunderstanding.”*” The group leader vows to have more open
and honest discussions with her team members in an ongoing fashion
and to keep closer tabs on the them in future engagements, but in an
attempt to do a fair assessment of the current situation, she set the value
for the fairness of the group to each other (J ) at -1.5.

The honesty, let us say, of certain group members was also brought
into question. That sent a negative ripple throughout the group. In assess-
ing the overall honesty of the group and their apparent lack of care for
each other, the group leader assigned J, and J_values of —1.5 as well. In
retrospect, the team leader was surprised that the team did so well on the
technical side, because their virtue ethics profile was not so good. The
total value function ] is computed:

J,=13(-1.5) + 3(-1.5) + 13(-1.5) = -1.5

indicating that some work needs to be done.

Again, this number is not the “answer” to the ethical question about
whether or not these engineers involved in RFID device design, develop-
ment, and manufacturing are virtuous. But the number can provide a
point of departure for further discussion. The team can get together and
decide that even though they were able to do good technical work with
a not very good ethical assessment, they could in fact do even better tech-
nical work, and it will be more enjoyable for all concerned, if all team
members were to strive for excellence in fairness, honesty, and care in
their everyday human interactions.

Ultimately and eventually, the virtue ethics assessment profile can help
to orient the discussion about engineering ethics at the wider level, as it
moves beyond the personal level (discussed in this chapter) and the pro-
fessional level (discussed in Chapter 2) into the conversation of the life-
world at the social level.

CONCLUSIONS

In this chapter, I have laid out a general view of virtue ethics as it could
be applied to the modern engineer, or even the premodern engineer in con-
temporary times. Exercising these virtues requires being-toward, being-
with, and being-for other people, places, and things. I propose objectivity

47. Ibid.
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or fairness or personal justice as essential in guiding the orientation of
being-toward, honesty as essential to being-with, and care as essential to
being-for. In general, the practice of a virtue ethic strengthens, balances,
focuses, and centers all aspects of human being-in-the-world.

The loosely structured theory of virtue ethics I am putting forth here
lies somewhere midway along the Sittlichkeit/ Moralitit spectrum. Accord-
ing to that theory, the engineer needs to be of good character. That is to
say, he or she should be a “good” engineer —both technically and morally.
Education, training, apprenticeships, and experience lead to technical pro-
ficiency, but moral proficiency requires the engineer to practice the virtues
of fairness, honesty, and care in the pursuit of goals selected or approved
by practical wisdom, or phronesis.



SITX

CONTEXTUALIZATION

In Chapter 3, I looked at engineering as a colonizing project. The project
of the modern engineering enterprise colonizes the human lifeworld by im-
posing upon it the values of efficiency and productivity. That discussion
assumes engineering is a decontextualized project that comes up with
products of various sorts that impact the lifeworld. The true contextual-
ized nature of the engineering project was bracketed in order to focus on
colonization. In this chapter, I will make my analysis more comprehen-
sive by discussing the contextualized nature of the engineering project
without the need to bracket the colonization effect of it. Context, which
the modern engineering enterprise sidesteps whenever it can, is more fully
engaged within the premodern engineering endeavor. My working prem-
ise is that everything at least initially occurs within a context in both
modern and premodern engineering.

In Chaper 3, I looked at engineering in its part aspect. Engineering
was seen to be that particular project, looked at in terms of structure and
function, which impacted the human lifeworld by colonizing it. In this
chapter I will look at engineering in its whole aspect, engineering as a
contextualized endeavor that has colonizing tendencies. The separated
parts of engineering integrated into the systemic engineering project impact
the holistic lifeworld while that lifeworld simultaneously contextualizes
that engineering project.

What is context? Simply the surrounding world within which what is
at issue comes to be at issue. One place where context plays a major role
is in languages. American anthropologist Edward T. Hall distinguished
between high-context and low-context cultures. He maintained that
many Asian nations (China and Japan, in particular) can be categorized
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as nations with high-context cultures, and many Western nations (Ger-
many, Britain, and the United States, for example) possess low-context
cultures.! The meaning of what is said in a language and the context in
which it is expressed, according to Hall, are inextricably bound up with
each other. The question is how much meaning is found in the code of
the language itself versus the context in which the language is spoken.

In many low-context cultures, such as ours, a minimal amount of the
message meaning is embedded in the context, and more meaning is placed
in the language code, or message. For this reason, messages in such low-
context cultures tend to be more specific and detailed than messages in
high-context cultures, where meaning resides primarily in the context.
Most of the information in high-context cultures is either in the physical
context or internalized in the person, and a minimal amount of informa-
tion is transmitted in the message itself. Thus, to grasp the full meaning of
a message, the listener must be able to decipher contextual cues. In elabo-
rating on the work of Hall, R. S. Zaharna argues that more is expected of
the listeners in high-context cultures than in low-context cultures. “When
talking about something that they have on their minds, a high-context
individual will expect his interlocutor to know what’s bothering him, so
he doesn’t have to be specific. In other words, in high-context exchanges,
much of the ‘burden of meaning” appears to fall on the listener. In low-
context cultures, the burden appears to fall on the speaker to accurately
and thoroughly convey the meaning in her spoken or written message.”?

Concerning the project of engineering, we tend to view the modern engi-
neering enterprise as a “low-context” phenomenon. Whenever a contex-
tual problem arises within engineering, we usually thematize that problem
and make it part of the engineering project itself. For instance, the envi-
ronment becomes problematic, and we incorporate EPA guidelines into
our design processes. My aim, however, is to expand the typical purview
of the engineering project and look at it as a “high-context” phenomenon.
That means that context itself is given a voice and is not immediately
incorporated into the engineering project. In other words, what would
context look like if it were not colonized in a totalizing kind of way by

1. Edward T. Hall, “Context and Meaning,” in Intercultural Communication: A Reader,
ed. L. Samovar and R. Porter (Belmont, Calif.: Wadsworth, 1982), 18.

2. R. S. Zaharna, “Rhetorical Ethnocentricism: Understanding the Rhetorical Landscape
of Arab-American Relations” (paper presented to the Speech Communication Association,
1995); available at http://academic2.american.edu/~zaharna/rhetoric.htm/.
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the engineering project? The meaning and the place of the engineering
project, I submit, would come more fully to light. Contextualization dis-
closes. Decontextualization, as I have mentioned, is intrinsic to the modern
engineering enterprise, while the premodern engineering endeavor —the
principle focus of this second part of the text—has been a more contex-
tualized affair. The language, we might say, of premodern engineering is
high-context, and of modern engineering low-context.

Context is often paired off with content. Content is text. Content is
embedded within context. Con-text is that which is with the text. The
content of the engineering project was brought forth when I investigated
the modern engineering process in Chapter 1. Recollecting some of those
ideas, I might mention a typical sequence of steps one may see in the nor-
mal content of a modern engineering design process. For the premodern
engineering endeavor, some of the following elements of content may
apply, but normally in a much less clear and distinct fashion. The design
team, whether modern or premodern, begins by gathering information
and determining what the problem is. Then, if they are allowed to partic-
ipate, they get together and do some soul-searching or brainstorming to
determine what they ought to do. Then there might be a variety of steps,
like modeling the system via mathematical equations, doing a sensitivity
analysis of parameters within that model, investigating how compatible
the various systems and subsystems are, doing a stability analysis of the
system when subjected to various inputs, optimization of the design with
respect to some preselected criterion, simulation and prediction of the
performance of the system, and prototyping.’> Following all these steps
there is usually some kind of briefing or presentation of results. If the
design is acceptable, a production stage is required, which often is de-
signed along with the product itself. This process is called Concurrent
Engineering, which is done to obtain optimized designs faster, at a lower
cost, over the entire life cycle of the product.* Content, then, involving
some or all of these steps in a typical design process, lies at the heart of
the engineering project.

But the content, as text, is always embedded within context, the world

3. W. E. Wilson, Concepts of Engineering System Design (New York: McGraw-Hill Book
Company, 1965), §.

4. David Brazier and Mike Leonard, “Concurrent Engineering: Participating in Better
Design,” Mechanical Engineering, January 1990, 52.
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of engineering practice. Again, context was crucial to premodern engi-
neering and is less so to the decontextualized modern enterprise. But all
engineering depends on context, even if it does not make an issue out of
it. After all, it is only out of context that the need arises for the design
in the first place, and back into context that the products resulting from
the design are released. If content is figure, context is ground. Context
grounds, conditions, limits, binds, modifies. And we always already find
ourselves embedded within contexts, says Lorenzo C. Simpson, which are
structured by interests, concerns, and fundamental commitments, and
which give meaning to our practices.® Furthermore, continues Simpson,
context “is the surrounding background of pre-understanding that frames
our dealings with persons and things.”¢ Using the dynamic metaphors of
traffic and backdrop as substitutes for the more static figure and ground
metaphors, we can say that these backdrops (contexts) against which a
given content may traffic take many shapes and indicate a multitude of
ways of being. The context of the project of engineering includes the spa-
tial, temporal or historical, and conceptual backdrops against which the
traffic of the engineering project comes into relief. Which dimensions of
context, or which folds in the contextual backdrop, are crucial to the
engineering project?

Context tends to be ignored, generally in modern engineering and
understandably, if there is an urgency to get a product out the door quickly.
Unfortunately, this mode of operation has become standard operating
procedure for most modern engineering work. For the most part, modern
engineering is business. When the heat is on, and nowadays that is pretty
much all the time, it is hard to find time to worry about context. The real-
ities of the marketplace, especially for the modern engineering enterprise,
demand a decontextualization from the fullness of a world teeming with
contingency. However, in order to gain understanding of the Big Picture
of what we are about, we must pay attention to the meanings implicit
in that context. For example, I know that this new cell phone my com-
pany is developing generates more power than most others on the mar-
ket, and I also know that the danger of cell phone radiation is still an open
issue. What do I do? Or what should I do? Economics, ethics, and envi-
ronment are all contextual issues hiding in the folds of the backdrop of

5. Lorenzo C. Simpson, Technology, Time, and the Conversations of Modernity (New
York: Routledge, 1995), 34.
6. Ibid.
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my endeavors. Need they all be made explicit and factored into the struc-
ture of the content of the engineering process?

I am looking, then, for a general take on context and the way that
context “contextualizes” the engineering project. What were the con-
texts of primary importance to the premodern engineer? The politics of
the premodern era, particularly the ancient era, were no doubt repres-
sive, and the engineer had to labor within a system of subjugation. Going
along with the program would seem to have been a good idea, as it is still
today for the most part. However, today’s engineers tend to speak their
minds quite openly, though less so in tight economic times.

The immediate context of the engineering project is the realm of tech-
nological systems, of which the engineering project is one among many,
although through its products it is implicated in most of them. The realm
of technological systems is embedded in the realm of systems in general, of
which it is one among many. And the realm of systems in general consists
in constructs arising out of the lifeworld: within the lifeworld there are sys-
temic and nonsystemic ways to be. Martin Buber’s famous nonsystemic I-
Thou distinction is paired off against a systemic I-It.” The latter views the
other as an object immersed in some kind of system, while the former views
the other as a subject with its own intentionality. He was mainly concerned
with the other as being a person but the other can be construed as being,
e.g., nature. We take nature under the category of objective systemic real-
ity and our relation becomes I-It. We take nature under the category of
nonsystemic reality and our relation becomes a more heart-felt I-Thou.

The triple contextualization, including the contextualizing of systems,
technological systems, and the engineering project itself by socially consti-
tuted decisions coming from the lifeworld, is indicative of one direction
of the engineering/society relationship. A committee, say, of local citizens
and technical experts gathers in the town hall (in the lifeworld) to discuss
widening the highway that runs through town. They agree to form a sub-
committee that will look at the matter in a systematic manner. Lifeworld
contextualizes the realm of systems. After the subcommittee reports back
in three weeks, the members of the lifeworld decide to go ahead with the
widening effort. They ask local construction companies to submit bids
on the project. To do this these construction companies have to study the

7. Martin Buber, I and Thou, trans. Walter Kaufmann (New York: Charles Scribner’s
Sons, 1970).
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matter in more detail employing the apparatus of their technological sys-
tems. Lifeworld contextualizes the realm of technological systems. Finally,
six months later, the bids are returned to the town hall gathering and, after
much deliberation, the committee agrees on the best proposal. They hire
one construction company, which employs a team of civil engineers and
the engineering project gets under way. Lifeworld contextualizes the engi-
neering project.

Another view of triple contextualization is that decisions made in the life-
world contextualize the realm of systems. Then decisions made in the realm
of systems contextualize technological systems. Finally, decisions made in
the realm of technological systems contextualize the engineering project.

As indicated in Chapter 3, the triple colonization, that is to say, the col-
onizing of the lifeworld by the realm of systems, systems by technological
systems, and technological systems by practices of the engineering project
is indicative of the other direction of the engineering/society relationship:
from the products of the engineering project to their social impact. But,
as Feenberg, Dreyfus, and others indicate, not only does the lifeworld get
colonized but it also gets disclosed. The heart of that disclosure is revealed
in the decisions made within the conversation of the lifeworld.

LIFEWORLD

The lifeworld, as T have already mentioned, is the familiar world in which
life is lived. It is so normal and ordinary that it is often overlooked. When
I speak of the lifeworld, I will usually mean the nonsystemic lifeworld.
Habermas generally views lifeworld being and systemic being as two sep-
arate issues. The lifeworld is the concrete, sensuous, participative, expe-
riential context of ordinary everyday involvements. Herein people talk to
each other, not just about each other. A healthy lifeworld is characterized
by a human communication that exhibits mutuality and interdependence,
as well as possibilities of genuine dialogue.® In the lifeworld, we gener-
ally try to comprehend each other and come to some kind of agreement.
The two terms, comprehension and agreement, coalesce into something
like communion.’ The lifeworld is a place to develop one’s identity amid
a sense of belonging. The lifeworld is prescientific in that we know it by

8. Tod S. Sloan, “The Colonization of the Lifeworld and the Destruction of Meaning,”
Radical Psychology 1, no. 2 (Fall 1999): 4.
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direct acquaintance, without needing theoretical grounding. This does not
mean that in the lifeworld we are merely feeling things without any think-
ing going on. We do understand things in the nonsystemic lifeworld, but
our understanding is what might be called primal or primordial under-
standing. Within the lifeworld we engage in spheres of action intersubjec-
tively in seeking our mutual understandings. Once we begin to abstract this
or that out of its larger frame of reference, we enter the realm of systems.

As Heidegger might put it: as we shift from the nonsystemic to the sys-
temic ways of being, we shift from a ready-to-hand dealing with things
in an instrumental totality to a present-at-hand dealing with things in
a systemic totality. Within the instrumental totality of the lifeworld we
relate to other humans immediately in terms of a social integration; within
the realm of systems we relate in a mediated way via a system integration.
In both the systemic and nonsystemic lifeworld we are—as I mentioned
in the previous chapter’s discussion of virtue ethics—being-toward, and
being-with, and perhaps even being-for the other, where these ways of
being are buttressed by the practice of a set of virtues: faith, hope, and
charity perhaps, or maybe fairness, honesty, and care. Being in the life-
world, either systemically or nonsystemically, with a disposition toward
this or that set of virtues: that is how we find ourselves. But there are dif-
ferences in the systemic and nonsystemic ways of being. The nonsystemic
way of being in the lifeworld is a more free-flowing and less restrained
way to be, although it is more vulnerable, because it is constantly threat-
ened by systematization or colonization. Another way to say this is that
we belong together with others in the lifeworld. However, in the non-
systemic realm of the lifeworld, the emphasis is on the belonging, and in
the systemic realm, the emphasis is on the together.'0

My notion of lifeworld, which should prove useful for investigation of
the contextualized nature of the engineering project, is an amalgamation
of ideas drawn from Heidegger, Husserl, and Habermas. Heidegger spoke
of world, rather than lifeworld. For him the word “world” could be used
in several ways. It could be used, he argued, to signify (1) the totality of

9. Klaus Hartmann, “Human Agency Between Life-World and System: Habermas’s Lat-
est Version of Critical Theory,” Journal of the British Society for Phenomenology 16, no.
2 (May 1985): 149.

10. Heidegger uses the idea of Sameness in the sense of “belonging together” in “The
Principle of Identity” (in Identity and Difference, trans. Joan Stambaugh [New York: Harper
& Row, 1969]). “Belonging” indicates an intimacy between being and thinking, whereas
“together” indicates a more customary scientific unification.
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those entities of which we are conceptually aware; (2) the realm of possi-
ble objects for some sector of being, like the world of the engineer; (3) the
place where humans live, like the public world which we share with a vari-
ety of others; or (4) the ontological and existential concept of worldhood.!!

Clarifying Heidegger’s fourth meaning of “world,” Hubert L. Dreyfus
says that worldhood “is the way of being common to our most general
system of equipment and practices and to any of its subregions.”'? Hei-
degger said his normal concern was with the third sense of “world,” which
will be my general take on it too. We can view this sense of lifeworld sim-
ply as the context of our involvements, the place where we live and dwell
and have our being. In another essay, Dreyfus maintains that our aver-
age everyday world is a public world, which we find to be “laid out in
terms of roles, goals, and equipment for achieving these goals.”*3 In a more
recent work, Dreyfus, along with Charles Spinosa and Fernando Flores,
elaborated on these three ideas, arguing that the world is a totality of
interrelated pieces of equipment. It is an instrumental totality. Such a total-
ity is used to carry out a specific task such as hammering a nail. Dreyfus,
Spinosa, Flores: “These tasks are undertaken so as to achieve certain pur-
poses, such as building a house. Finally, this activity enables those per-
forming it to have identities, such as being a carpenter. These identities
are the meaning or point of engaging in these activities.”'*

Premodern engineers as builders, for example, no doubt had at hand
certain materials and tools to be used in road construction. Measuring
apparatuses and digging tools were part of their set of equipment. They
designed and constructed a road, employing a team of helpers; and if it
was a good road, they became known as “road-builders,” a title that
bore some weight and lent meaning to their lives.

A modern engineer, as another example, steps into her laboratory,
which is well stocked with the latest set of measuring devices: voltmeters,
oscilloscopes, ammeters, function generators, and spectrum analyzers.
Everything is properly connected to the operational amplifier circuit she
has constructed. She applies the input signal and observes the output, a
specific task in the service of designing a band-pass filter. She needs to

11. Heidegger, Being and Time, 97.

12. Hubert L. Dreyfus, Being-in-the-World: A Commentary on Heidegger’s Being and
Time, Division I (Cambridge, Mass.: MIT Press, 1991), 91.

13. Dreyfus, “Priority of The World,” 121-22.

14. Charles Spinosa, Fernando Flores, and Hubert L. Dreyfus, Disclosing New Worlds
(Cambridge, Mass.: MIT Press, 1997), 17.
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achieve a certain bandwidth at a fixed resonant frequency. This filter
circuit is to be used in a precision feedback control system for a disk drive.
Her company is a leading provider of disk-drives for the computer indus-
try. Her title of senior-disk-drive-engineer defines her work-world activ-
ities and gives meaning to this sector of her life.

Now, since Edmund Husserl was Heidegger’s teacher, much of Heideg-
ger’s notion of world is a distillation of what he learned from Husserl.
Husserl’s idea of the lifeworld, as the world of lived experience, was most
distinctly formulated in his Crisis of European Sciences and Transcenden-
tal Phenomenology,’ published posthumously a decade after Heideg-
ger’s 1927 publication of his magnum opus Being and Time. In any event,
Heidegger’s world closely resembles Husser!’s lifeworld, the world of imme-
diate experience, which is always already there or “pregiven.” Husser! dis-
tinguishes between a theoretical attitude toward life and a pretheoretical
attitude, analogous to Heidegger’s present-at-hand attitude and ready-
to-hand attitude. Husserl’s notion of the lifeworld or Lebenswelt refers
to the everyday world of ordinary experience in which intuitions or sum-
mary understandings prevail. It is contrasted to the idealized, cognitive
world of the sciences and mathematics. What makes getting a purchase
on the lifeworld so difficult, by and large, is that this realm of immediate
experience and intuition is generally attenuated even as it serves as the
ground from which all sciences and theoretical development spring.

Habermas elaborates upon Husserl’s and Heidegger’s notions of life-
world and world. His view is also based on the phenomenological life-
world descriptions of Alfred Schutz.'® For Habermas, as for Heidegger,
actors in the nonsystemic lifeworld are not agents of a system, but are
persons who find themselves thrown into a circumstantial world, being
with others in a variety of ways, enacting a variety of ways of being.
Habermas’s lifeworld is a web of undoubted background beliefs and intu-
itions that act as a fund of meaning and a horizon for beliefs and prac-
tices that are more explicit.!” Actors in the lifeworld, then, take on, or
have already taken on, these beliefs and hold fast to them without, for the
most part, bringing them to explicit awareness. They share experiences,

15. Edmund Husserl, The Crisis of European Sciences and Transcendental Phenomenol-
0g), trans. David Carr (Evanston, Ill.: Northwestern University Press, 1970).

16. See Hartmann, “Human Agency,” 149.

17. David Kolb, “Heidegger and Habermas on Criticism and Totality,” Philosophy and
Phenomenological Research 52, no. 3 (September 1992): 687.
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linguistic cues, and connotative understandings that allow participants
in the process of communicative action to understand each other.'® In
the sphere of everyday communicative interactions, functions like child-
rearing, education, and public debate transpire.” It is of course possible
to view education, as in perhaps the conceptualized educational institu-
tion which employs a variety of educational methodologies, as being in
the realm of systems rather than the nonsystemic lifeworld. Lorenzo Simp-
son points to another dimension of Habermas’s structuring of the lifeworld,
this time in terms of three components: culture, society, and personality
or psychology. In its cultural dimension, the lifeworld is the realm wherein
our practices take on meaning. In its social dimension, the lifeworld refers
to normative orientations that facilitate group solidarity or social inte-
gration. In its psychological dimension, the concept of lifeworld refers to
motivation structures that aid the acquisition of various speaking and act-
ing competencies. In general, the lifeworld provides the backdrop against
which, or the coordinate system within which, the traffic of communi-
cative action unfolds.2°

More specifically, what about engineers? They are certainly members
of their lifeworld, as are we all. Engineers communicate in their lifeworlds
with their friends and neighbors, coworkers and colleagues, as well as
a plethora of other folks. This involves, as Klaus Hartmann maintains,
the two actions of comprehension and agreement, which constitute what
Habermas calls communicative action. Such “communing” unfolds within
the conversation of the lifeworld. Because modern engineers aim to side-
step lifeworld and context in general, that conversation matters less to
them than to premodern engineers.

Of course, part of this conversation involves the lack of comprehension
and a variety of disagreements, as well as the struggles to understand each
other and to arrive at consensus. Precisely out of the stew of this conver-
sation come the ideas and decisions from which much of our social world
is constructed, and that construction is often the result of mechanizations
of the engineering project. Engineering, then, is contextualized by lifeworld
decisions. Engineers have a major role to play in the conversation of the
lifeworld, especially in light of the increasingly technological world emerg-
ing as a result of the work of engineers. Engineers have a better handle

18. Lambert, “Jiirgen Habermas: Luddite Dragon or Defender of the Weak?” 4.
19. Feenberg, Questioning Technology, 167.
20. See Simpson, Conversations of Modernity, 81.
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than most on the substance of these emergent technological phenomena.
The decisions engineers make in the lifeworld as citizens of that world
can be as crucial as the decisions they make in the highly specialized realm
of their distinct engineering practice. While the modern engineering enter-
prise shifts into the focal engineering venture, context and lifeworld will
play an increasingly important role.

The specialization of engineering practice from out of the more con-
crete and practical realm of everyday being has eventuated in modern
times in the conceptual and often rather theoretical discipline of modern
engineering. However, before the dawn of the modern engineer, the pre-
modern engineer worked in the more concrete nonsystemic lifeworld.
The notion of system is really a modern notion. The discussions in this
chapter hold rather strictly for the modern engineer and rather loosely for
the premodern engineer. Premodern engineers were more integrated into
their lifeworld than are modern engineers. Precisely the quantification
of what was more qualitatively engaged with, the abstraction out of the
wholeness of concrete life, has brought us the fruits of modern techno-
science but also has left us a plethora of issues with which to deal. For
instance, the disburdenments modern engineering has wrought have left
us disengaged from formerly more integrated lives. Of course, many dis-
engagements are welcomed precisely because of the disburdenments. 1
appreciate the freedom I gain by being able to drive to the store rather
than walk. With the time saved I am free to do other things. But, again,
the point that Borgmann makes is that we tend to fill up our free time with
other disengaging distractions, and we need some engagement in our lives.

Consider the example mentioned in the introduction involving the act
of picking up a telephone phone and calling a friend. Easy and safe, no
need to travel from the woods into town or even across town and run
the risk of getting mugged. No need to endure bad weather. But what’s
lost in this disburdenment? A greeting from a neighbor, a flock of peli-
cans flying in formation, a brisk wind that clears the cobwebs from the
brain, the face-to-face encounters that disclose worlds with just a smile.

SYSTEM

We occasionally choose to be but usually just find ourselves in our life-
worlds in a systemic or a nonsystemic manner. In the premodern era, being
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in the lifeworld nonsystemically was more typical, because the notion of
system, as I indicated before, had yet to come into its own. But today the
system idea is everywhere. Habermas, however, opposes system to the
lifeworld, by conceptualizing society as being in a state of tension between
system and lifeworld. System is comprised of those technical structures,
like administrative and economic mechanisms, which serve our technical
interests of social order and material production, and especially today,
security.?! In my view, as I have mentioned, the realm of systems is still
part of the lifeworld. Systemic being is just a specialized, quantitative,
theoretical, or abstract way of being in the lifeworld. We generally find
ourselves being in the lifeworld in an everyday nonsystemic but neverthe-
less socially integrated manner. We are being-toward, being-with, or being-
for the others we encounter in our midst. Then from that primal way of
being we might branch out into various systemic ways of being. We can
engage in strategic action employing varieties of instrumental rationality.
We can participate in theoretical discourses, like mathematics or physics,
involving present-at-hand entities, about which we strive to concoct truths
of a conceptual nature. Or we might just meditate on a mountain range
in the holistic interconnection of its profusion of peaks, an experience
that keeps us anchored in the nonsystemic lifeworld.

A system is an assemblage or combination of entities forming a com-
plex or unitary whole. A mountain range certainly qualifies as a system,
though a meditation upon that range probably doesn’t. The systems ap-
proach to reality was a major breakthrough in the evolution of human
understanding. There were always heaps of things here and there, but to
distinguish wholes, which are greater than the sum of their parts from
heaps, which are the simple sums of their parts, represented a significant
human advance. Wholes are foundational to systems development, and
system characterization evolves by virtue of describing the interaction
among parts that constitute the whole. Worlds can be systems and so
can atoms.

Almost anything can be a system or part of a system. A lot depends on
my orientation to the situation. If I take “x” artfully as something to be
with or play around with, then I am normally being nonsystemic. If I take
“x” practically or pragmatically in terms of its efficiency, productivity, or

21. Deborah Kilgore, “In Defense of the Lifeworld,” Adult Education Quarterly 49,
no. 2 (Winter 1999): 122.
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profitability, then I see it as connected to a system of other entities, and
while engaging with it I am normally being systemic. And there is a whole
range of ways to be in-between. Instrumental rationality, regimentation,
objectification, and capitalization lie more toward the realm of systems.
Intuitive reasonableness, subjectivity, and caprice lie more toward the
realm of the nonsystemic lifeworld.

Systems come in two basic types: they can be discovered or they can
be created. Discovered systems are natural systems. They are just there,
forming part of the given aspect of reality. Though they do not require
the human hand for them to come into being, they do require humans to
represent, articulate, or describe them, say, via a work of art or a set of
differential equations. Created systems are artificial systems. They require
the human hand for them to come into being, and they require the human
mind to order their parts into a functional connection of entities designed
for a given purpose. They are technological systems. The purpose or telos
of a natural system is given, whereas the purpose of a technological sys-
tem is a product of human ingenuity.

Habermas does not stress systems in general, but rather the particular
system called society, the systemic nature of society. By system, Haber-
mas understands society from the point of view of action consequences.
From this standpoint, society is conceived as a system of actions. These
are maintained and stabilized through functional interconnections, where
each action has a functional significance in terms of its contribution to
the maintenance of the system, thus allowing the system—as a collection
of subsystems—to become independent of the lifeworld. The economy
and public administration, for instance, form two central subsystems in
late capitalist societies. Habermas, again, wants to sharply distinguish
system and lifeworld, while I see the former as a subset of the latter. In
any event, Habermas claims that the systems aspect of society comes into
view necessarily as a consequence of adopting an objective observer’s point
of view, while the lifeworld—which T would call the nonsystemic life-
world—can come into focus only by entertaining caring and participa-
tive “I-thou” perspectives.??

I can dwell in my lifeworld in a nonsystemic way, for example, by
just puttering in my garden. Or I can behold the wonder of a singular

22. See Buber, I and Thou.
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experience, say, of this apple tree, just today coming into bloom. To in-
corporate this tree into a system of scientific interpretation employing,
for example, the Cartesian methodology of abstraction/decomposition/
reconstitution/control, seems to miss something vital. The wonder of it,
we might say, would be usurped by a kind of systemic amazement. Of
course, the systemic and scientific perspective on the tree is valuable and
contributes to general knowledge that advances civilization as we know
it. Singularity is sacrificed, as it generally must be as the price of progress.
Nonsystemic lifeworld dwelling is one thing, but if I look at my garden
as the configuration of growing vegetables, “volunteers” perhaps, that I
happened to discover growing over in a corner, I can take it as a natural
system, which might have a function like providing lettuce for some sum-
mer salads. Or I can take that configuration of vegetables as a techno-
logical system, if I consciously focus my energies on weeding, fertilizing,
watering, and cultivating my garden for maximum yield.

Within the realm of systems, then, ends and means, subjects and objects,
are abstracted out of the flux of everyday life. But these elements do not
just remain suspended in abstract system space. They are worked over,
made into a variety of things and systems, connected to and combined
with other systems, then they are reembedded within the lifeworld in order
to serve as useful entities for the sake of nonsystemic “socially active
humanity.”? That reembedding might be called colonization as suggested
in Chapter 3. But that is not the end of the story. In turn, the ensuing
human activity in the nonsystemic lifeworld serves to contextualize the
systems that eventuate from the abstractions in the first place. Various
actions and decisions call for certain systemic responses and not others.
Decisions made as a result of the communicative action of humans in the
lifeworld can be said to contextualize the realm of systems. Engineers in
their systemic endeavors experience the contextualization process as the
call of the need to which they respond in the enactment of their projects.
Many layers of context, however, might muffle the call, and some mod-
ern engineers might reject the notion that the engineering project is really

23. This phrase is one I discovered many years ago upon first looking into Heidegger.
I was always intrigued by the tone of condescension and sarcasm Heidegger projected onto
scientific and commonsense thinking, as opposed to his brand of deep and profound med-
itative thinking. It made me realize that Heidegger, in spite of all his deficiencies, probably
had an interesting sense of humor. See “The End of Philosophy and the Task of Thinking,”
in On Time and Being, trans. Joan Stambaugh (New York: Harper & Row, 1972), 58.
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responding to a lifeworld of human need. Modern engineers sometimes
get so separated from the contexts of their endeavors that they think of
themselves as disembodied machines carrying out preassigned functions.
We may see ourselves as automatons of our own design, or else servants
of the machinery of capitalist enterprise.

Since premodern engineers were more naturally attuned to the con-
textualization process, for them the natural and environmental contexts
were close at hand. Abstraction out of the concrete lifeworld was not so
sharp. Quantification out of the qualitative lifeworld was not so precise.
The complexity and rigor of modern societies, however, call for a more
pervasive process of systematization, the process of making connections
and combinations among various systems within the realm of systems.
Such systematization, stemming from lifeworld decisions, and the con-
nections of systems to aspects of the lifeworld are essential to the contex-
tualization process. As Andrew Feenberg puts it: “The exorbitant role of
systematization in modern societies is rooted in the success of the co-
ordination media, money, power, and . . . technology, and the large-scale
organizations they make possible.”?* But without integrations and human
decisions in the nonsystemic lifeworld, in other words, contextualization,
no systems can exist.

Everywhere we turn we see elements of system. The voice of context,
more audible in premodern societies, requires a finely tuned ear in con-
temporary times. In addition, once that voice is tuned in, Herculean effort
is often needed to resist the temptation to integrate its message into the pro-
cess of engineering. What should remain a social integration, at home in
the nonsystemic lifeworld, is all too easily made into a system integration.
This is an instance of what Habermas calls colonization, which was investi-
gated in Chapter 3. But no colonization exists without contextualization.

TECHNOLOGICAL SYSTEMS
Technological systems are certainly systems but not all systems are tech-
nological systems. Organizations and institutions, as well as artifacts and
actors, are elements of technological systems. Groups of actors coalesce

into networks of people who activate, maintain, manage, and control

24. See Feenberg, Questioning Technology, 206.
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institutions and organizations. These institutions and organizations con-
sist not just of people but also of artifacts—systems, organisms, devices,
structures, networks —of uncountable variety. Technological systems are
generally built up over long periods of time. The railroad system, for in-
stance, was begun with the running of the first steam locomotive in 1804
in South Wales. The nineteenth century was the century of the railroad.
Track was laid and lines were developed. Safety features like signals were
added. Terminals and train stations were built. Eventually, the railroad
system became a global phenomenon. None of the elements involved in
the technological system of the railroad was naturally occurring. Each
required explicit planning and action on the part of concerned humans
who had a stake in the expansion of the railroad.

As mentioned earlier, the realm of systems can be decomposed into nat-
ural systems and artificial systems. Natural systems are what I call a pri-
ori systems comprised of other humans, with whom I share a world, and
also ready-to-hand things. Artificial systems are technological systems,
which T call a posteriori systems, comprised of systemic things, which
include objectified humans and present-at-hand entities. Present-at-hand
entities are put together into systems after being designed, developed,
and produced. The humans involved in a posteriori systems are engaged
in technological networks. Human and nonhuman entities are integrated
into or enrolled in networks or technological systems for the sake of some
function or other.?’ Functionalism is an essential feature of technological
systems.

Technological systems have both physical and social parts. The physical
parts of these systems are connections of objects of all sorts: lawnmow-
ers, tractors, freight cars, televisions, pipelines, automobiles, computers,
and so on. The social parts are connections of people and organizations
that make possible the connections between physical objects: farmers,
lawyers, bakers, and truck drivers might be the people involved, while
grain elevators, refineries, factories, and supermarkets might be the orga-
nizations involved.? It is difficult to conceive of any facet of contemporary
life that is completely untouched by a technological system. As another

25. Bruno Latour, “Where Are the Missing Masses? The Sociology of a Few Mundane
Artifacts,” in Shaping Technology/Building Society: Studies in Sociotechnical Change, ed.
W. Bijker and J. Law (Cambridge, Mass.: MIT Press, 1992).

26. Ruth Schwartz Cowan, A Social History of American Technology (New York: Oxford
University Press, 1997), 151.
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example, an aircraft is an artifact which is inherently systemic and inte-
grated into technological systems. It is tied to myriad physical and social
systems that include inspection schedules and inspectors, maintenance
activities, pilots, flight scheduling, air traffic control, fuel distribution sys-
tems, safety systems, computers of all kinds, flight attendants, and flight
attendant schools.

Of course, technological systems contextualize the engineering proj-
ect. They form the backdrop against which the engineering project traffics.
Without an already existing technological system of computer networks
and satellites, for instance, the newly engineered communication prod-
ucts that continually pour forth from the engineering enterprise would
find no home. Again, most of the technological systems that currently con-
textualize the modern engineering enterprise were only dimly perceived,
or were really nonexistent in the premodern era. Lifeworld decisions and
judgments contextualized the premodern engineering endeavor directly
with little influence from the realm of systems or the realm of technologi-
cal systems.

THE ENGINEERING PROJECT

In modern times, the engineering project is a particular kind of techno-
logical system. Engineers are actors. Tools of the trade as well as engineered
products that stem from the engineering design process are artifacts. Engi-
neering itself, the process proceeding in an orderly fashion, as well as the
various professional societies that delimit and guide the engineering enter-
prise in performance of socially responsible action are the organizations.
Though these elements of engineering as technological system are iden-
tifiable in the modern era, they were, again, less obvious in the premod-
ern era. Actors, like the craftsperson or artisan—the engineers of the day—
and artifacts, like the clay used by the potter, were surely recognizable,
but the institutions in which engineers engineered were not. The distinc-
tion between lifeworld and technological system was not as sharply drawn
then as it is today, since artifacts in the premodern era were more inte-
grated into the lifeworld, and the lifeworld, as a result, had more of a
contextualizing force. Ethical and aesthetic mediations, according to Feen-
berg, embellished the elementary technical object with additional dimen-
sions of being, new secondary qualities, which helped to keep the artifact
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embedded in the lifeworld. Contextualization by the lifeworld was then
more pronounced. “The ornamentation of artifacts and their investment
with ethical meaning are integral to production in all traditional cultures.
The choice of a type of stone or feather in the making of an arrow is
motivated not only by sharpness and size, but also by various ritual con-
siderations that yield an aesthetically and ethically expressive object.”?’

Within the premodern engineering endeavor, the artifacts that were
incorporated into technological systems maintained their uniqueness and
were not swallowed up by the system. Such artifacts were personalized
more than they are today. My knife, for example, which I used for chop-
ping, cutting, carving, throwing, and so on, was my knife. In modern
times I can go into a lab and use any oscilloscope —owned by the com-
pany, not by me—to measure voltages in a circuit. Context, especially the
particulars of a given time and place, the people and their character, for
instance, had more of an impact on the technological system at issue then
than is the case today. For the most part, invention in the premodern era
produced only tools and not machines. Premodern engineers and their
tools were more “one” with each other, whereas modern engineer and
their machines are more separated. The traditional engineering endeavor
was more tuned to and entangled within its lifeworld,?® more contextu-
alized by it. The modern engineering enterprise is more removed from its
lifeworld, and thus more decontextualized.

CONCLUSIONS

We have looked at the increasingly abstract layers of lifeworld, system, and
technological system as contexts of the project of engineering. Decisions
made in the lifeworld contextualize the realm of systems, the realm of tech-
nological systems, and the engineering project itself. The immediate con-
text of the engineering project, the realm of technological systems, includes,
especially in modern times but less so in the traditional era, technicized
social, economic, and political systems. These systems influence (contex-
tualize) the engineering project in a variety of ways. Yet, the engineering

27. See Feenberg, Questioning Technology, 206.
28. Carl Mitcham, “Notes Toward a Philosophy of Meta-Technology,” Techne: Jour-
nal of the Society for Philosophy and Technology 1, nos. 1—2 (Fall 1995): 3.
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project is not only influenced by these systems, but also influences them.
In fact, in general in modern times, technological systems tend to be in-
creasingly engineered, and even if engineered artifacts therein are kept to
a minimum, many such systems fall under the sway of the engineering
metaphor. At stake here is the process of colonization, which was pur-
sued in Chapter 3. The engineered aspects of these technological systems
reveal that force of colonization.






PART III

THE FOCAL ENGINEERING VENTURE






SEKEVEN

PRODUCT

In this chapter, I arrive at the heart of my project. Having discussed the
premodern and modern takes on the engineering project, it is now time
to look at the focal engineering venture. In the focal engineering venture
it is the product of the engineering project that stands out. Focal engi-
neering asks whether these systems, services, structures, devices, organ-
isms, and networks being let loose upon the planet are good products, and
if so, in what sense? The hope is that some products will be not just func-
tional but able to fulfill and engage our lives in a deep and meaningful
manner.

Consider a product. For the moment it does not matter what product.
Assume that the engineers who designed this product were fair, honest,
and caring in all their deliberations and activities. Assume that the pro-
cesses of engineering practice that resulted in this product were aimed at
social justice, environmental sustainability, and the health and safety of
end users. The product itself could still have a dissonant, disengaging, or
deadening effect on its eventual end-user. Focally engineered products seek
to counter those effects. Focal engineering is my proposal for the kind of
engineering that concerns itself with bringing into the lifeworld products
that disburden us without disengaging us.

Let us assume the latest model Gizmo Delux sedan has just rolled off
the assembly line. It has great gas mileage. It is affordable. It is safe, com-
fortable, and efficient. Does it contribute to the good life? T buy one and
on the way home almost immediately find myself in the middle of a
traffic jam. I am depressed, anxious, out of balance, disengaged, lacking
harmony. Of course, I cannot blame these feelings on my new Gizmo
Delux. It is just one of the many products that has given us this world of
disburdenment.
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The point is that most engineered products are pretty neutral when it
comes to the good, engaged, meaningful life. Do no harm: that’s the aim
of the modern engineering enterprise. Do not be unfair. Do not be unsafe.
Do not pollute. But to actually seek to do good, to contribute to an enliven-
ing and resonant life of engagement? That is what the focal engineering
venture is after.

The contexts will play a greater role in the engineering of focal real-
ity than they do for the modern engineering enterprise. The elements of
those contexts, benefiting from the focal engineering effort, will resonate
with each other. At least that’s the aim of the focal engineering venture.

Focal engineering promotes products that are compliant with the pre-
cautionary principle. The precautionary principle says essentially that we
should proceed with caution with regard to the implementation of any
new or proposed technology, especially when the current scientific and
technological knowledge about that technology is deemed to be incom-
plete. It is only common sense, argue its advocates, to avoid nasty surprises
from new technologies.! As advocates of the precautionary principle, focal
engineers would certainly avoid putting into the world products whose
potential for harm is unknown, such as, for example, genetically engineer-
ing foods. They may really be acceptable in some circumstance and at
some time, but a conversation of all concerned should be a prerequisite
before any implementation takes place. Focal engineers, however, will take
this principle one step further and seek to engineer products that are not
just safe and healthy but are also harmonious with their worlds.

This chapter will explore the possible contributions of engineering to
the expansion of contextually situated focal reality. If engineers do have
a role to play in this venture, they cannot just ask how a product is to be
made, like a premodern engineer, or how and what, like a modern engi-
neer. They will have to also ask why a new or newly proposed product
should be brought into being.

EXAMPLE

The Internet seems to be everywhere these days. In addition to the Inter-
net, also on the rise are Intranets. They function much like the Internet

1. Kenneth R. Foster, “The Precautionary Principle—Common Sense or Environmental
Extremism?” 1EEE Technology and Society Magazine 21, no. 4 (Winter 2002/2003): 12
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but are typically local in scope. They have access to the Internet but not
vice versa. An Intranet is protected by a firewall that keeps out unau-
thorized visitors. Can an Intranet be a focal product? Maybe not, in and
of itself, but maybe it can contribute to a focal practice.

A focal thing or practice “gathers the relations of its context and radi-
ates into its surroundings and informs them.”? It contributes to the har-
mony of the people involved with the product at issue and the context or
world of this involvement. So, whether we are looking at a specific prod-
uct or a specific practice employing that product, product, person or per-
sons, and world should be brought into consonant focus. Such a product
in light of that consonant focus, harmonized with end-user and lifeworld,
would be considered a focally engineered product.

When we are talking about the focal engineering of products that can
contribute to a focal reality, we must talk specific products in specific
contexts. As Steven Goldman puts it, “Engineers [unlike scientists] have
to wrestle with the refractoriness of the particular in its particularity.”’
In any particular focal product, context or world is always at stake, gen-
erating that product’s particularity or at least the conditions that make
that particularity possible. Computers in general, say, can never be focal
or nonfocal in and of themselves. But certain types of computers, or the
practices they serve, in certain situations, involving certain kinds of peo-
ple, can be focal (or not). The specific case I want to look at is discussed
by Michael Arnold and involves the use of an Intranet being made in a
new housing development at Williams Bay in Melbourne, Australia.*

Arnold uses the idea of social capital in his explication, drawing on
the work of Robert D. Putnam and others. “For Putnam, social capital is
a compound composed of two major elements—networks of civic engage-
ment and norms of generalized reciprocity, which together generate social
trust.”’ In a well-networked community, people engage each other in re-
lationships of general respect and reciprocity, people trust each other and
openly share information, thoughts, and feelings. Social capital is high.
The practice of communal engagement in a face-to-face sense is primal.
The Intranet used by the people in the housing development at Williams

2. See Borgmann, Technology, 197.

3. Goldman, “Philosophy, Engineering, and Western Culture,” 126.

4. Michael Arnold, “Intranets, Community, and Social Capital: The Case of Williams
Bay,” Bulletin of Science, Technology & Society 23, no. 2 (April 2003).

5. Tbid., 8o.

>
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Bay is intended to enhance their already established face-to-face engage-
ment. The point seems to be that a focally integrated community should
already be in place—or be on the way to being in place—before the Intra-
net is put into the mix. In other words, for the Intranet to be considered
a focal product contributing to a focal practice, that practice should
already be in place.

The Internet as a medium of mass communication seems less likely to
be a focal product. People do meet on the Internet, but those meetings
are seldom prefaced by a nonvirtual face-to-face engagement. Although
surfing the Internet can be absorbing—wherein you lose yourself—it is
not often engaging—wherein you find yourself. The Intranet as a com-
munication device is the more likely candidate for a focal product. The
Williams Bay residents are striving to develop social capital by virtue of
their meetings and get-togethers in the real world. They hope to further
expand that social capital focally through the use of a community Intra-
net that fosters civic engagement and community networking.

The focalness of a given product, such as the Intranet at Williams Bay,
can be appreciated only through a narrative that lays out the context
within which the focally engineered product comes into being. That story
or narrative emerges out of a conversation to which all participants con-
tribute. That means the end-users especially, as well as those who may not
be users but who may be impacted by the products. That must include
the people with the power as well as those without. The voice and the
vision of the focal engineer should be prominent in that conversation.

THE CONVERSATION OF THE LIFEWORLD

One thing the Intranet example reveals is that people need to discuss the
pros and cons of using a new technology. Could the residents of Williams
Bay have gotten along without the Intranet? Sure, no doubt. But they
and the developers of the community have been having ongoing conver-
sations about the prospects of enhancing community engagement via the
use of an Intranet. And the conclusion thus far—these conclusions are
almost always contestable or at least tentative—is that, yes, the Intranet
does expand social capital.

The Williams Bay conversations are generally about how to enhance
community involvement and social capital, and not specifically about the
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employment of a specific technology. I am proposing that an ideal instance
of focal engineering needs to engage all involved parties in constructing
a narrative within the conversation of the lifeworld regarding any new
or proposed technology. In order for a product or a design for a product
to be considered a focally engineered product, it needs to be discussed by
all interested parties, including the engineers involved in the creation of
the technology at issue. Social justice requires the disenfranchised to also
have a voice. How will this product enliven our lives? And so on. It is
particularly the case that we engineers should look at the two sides of our-
selves, “the side of ourselves we invest in the technology when we cre-
ated it, and the side we now exercise in using it.”¢ And, I would add, we
should look at our role as citizens.

Landon Winner offers us three guiding maxims about how to focus
lifeworld conversations:

1. No innovation without representation. All affected get a voice.

2. No engineering without political deliberation. And that would
necessitate ethical and social deliberation as well. Who gets what
and why are questions that need to be addressed.

3. No means without ends. Clearly established and meaningful goals
need to be discussed and agreed upon before any design, develop-
ment, production, or distribution gets under way.”

The conversation of the lifeworld that I envision could begin with Lang-
don Winner’s maxims but it would have to incorporate more explicitly
the focal dimension, which asks about what kind of world we want to
contribute to in order that we might live more harmoniously. A major
problem here is that realizations of the dreams of a better world through
focal engineering tend to be thwarted by cost considerations. How to get
down to the bottom line, to make these transformations to a new way of
being an engineer, being a focal engineer, cost effective? Well, we might
start by expanding the notion of “cost” to include not just dollars and
cents, but also costs to the soul, to the spirit. Social capital must play a

6. Stephen L. Talbott, “Netfuture,” February 25, 2003, 6. This is a newsletter dealing
with technology and human responsibility published by the Nature Institute and is avail-
able at http://www.praxagora.com/stevet/netfuture/.

7. Langdon Winner, “Artifact/Ideas and Political Culture,” Whole Earth Review, no.
73 (Winter 1991): 23—24.
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role. Here is another spot where the conversation of the lifeworld needs
to focus.

Conversation in the lifeworld regarding both the Intranet and the Inter-
net has been rather minimal. The Williams Bay conversation has really
been the exception to the rule. The Internet to most of us seemed to come
out of nowhere and was generally perceived as a general good. We have
viewed it as a wonderful tool to gather information and to reach out and
touch someone halfway around the world. Why fret about something so
positive? In fact there is some question about whether or not we actually
could have been focal about the Internet. It did not seem to emerge ex-
plicitly as a network planned by specific human intentions and decisions
arrived at within the conversation of the lifeworld. Was it, then, techni-
cally determined rather than socially constructed? The Internet has been
found to be like many tools that just appear without a conversation of
the lifeworld looking intently at what they might be for—in direct viola-
tion of Langdon Winner’s maxim that we have “no means without ends.”
Inventions often come into being without unique purposes in mind, but
once entrenched, users come up with appropriate uses. Edwin Schlossberg
points out that the Internet itself was invented to allow scientists and schol-
ars at universities to exchange information. “It was only when a software
package was invented that made access easy and free that many people
realized the opportunity that the Internet provided.”$

Lifeworld conversation takes many shapes and involves many different
characters and personalities, including nature. But as Steven Talbott main-
tains, we converse in order to become our true selves. Being-with and
being-for the other, conversation is the explicit connection that discloses
the already implicit connection inherent in my being my primal self, my
true connected self. We cannot and do not want to predict or control the
exact course of a conversation. Not, at least, if we are looking for a good
conversation. As Talbott puts it, “Revelations and surprises lend our
exchanges much of their savor. We don’t want predictability; we want re-
spect, meaning, and coherence. A satisfying conversation is neither rigidly
programmed nor chaotic; somewhere between perfect order and total sur-
prise we look for a creative tension, a progressive and mutual deepening
of insight, a sense that we are getting somewhere worthwhile.”?

8. Edwin Schlossberg, Interactive Excellence (New York: Ballantine, 1998), 14.
9. Stephen L. Talbott, “Ecological Conversation: Wildness, Anthropocentrism, and Deep
Ecology,” Netfuture, no. 127, January 10, 2002, 3.
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Although the jinni is out of the bottle, perhaps a lifeworld conversa-
tion is still called for with respect to the Internet. All future Internet ex-
tensions, applications, refinements, and so on, can still be deliberated. And
the focal engineer wants to be part of that deliberation. We recognize the
Internet as a technology that is given now, for a growing number of peo-
ple, as part of our everyday way of being. But alternatively we can take
the situation in hand and begin to shape it, or continue to shape it, as we
see fit.

WHEN IS ENOUGH ENOUGH?

One thing the prudent venture of focal engineering would initiate is a
slowing down of the almost manic rush to push out “the next best thing.”
But immediately the idea of thoughtful considerations comes into conflict
with the capitalist mandate to maximize profits in the minimum amount
of time. Progress demands a relentless pushing forward into a utopian
technological future. In this regard, we humans, with our full-steam-ahead
attitudes, are driving and at the same time driven. But we are really noth-
ing special, a lot like all successful species. Nothing special, except for
one thing, just one small thing, as Bill McKibben says, “which the apos-
tles of our technological future have overlooked. One small thing that
actually does set us apart. What makes us unique is that we can restrain
ourselves. We can decide not to do something that we are able to do. We
can limit our desires. We can say, ‘Enough.””'0

Just because we can do x, v, z does not mean we should. And here comes
the ethics question again, What kind of world do we want to live in? A
good world, to be sure. It seems to me that most thoughtful people would
agree that that does not mean more and more stuff. Juliet Schor claims
that we need a “politics of consumption” to lay out ideas and policies that
can guide our consumption in a sagacious manner. Here again is where
we must invoke the virtue of phronesis, the wisdom to see the big picture
and do the right thing at the right time. Schor’s proposal for a politics of
consumption consists of seven basic elements:

1. A right to a decent standard of living
2. Quality of life rather than quantity of “stuff”
3. Ecologically sustainable consumption

10. Bill McKibben, Enough (New York: Henry Holt, 2003), 205.
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4. Democratized consumption practices

5. A politics of retailing and the “cultural environment”
6. Exposure of commodity “fetishism”

7. A consumer movement and governmental policy!!

The details of these elements need to be worked out in the conversa-
tion of the lifeworld and should involve the focal engineer’s input. What
does it mean, for instance, to expose commodity “fetishism”? A fetish is
an object that is seen to embody magical powers. We often look at com-
plex technologies this way. My computer is full of magical properties that
I do not understand, and I hold it in awe because of that. But it needs to
be demystified. A computer is really just a device, in the background of
which are processes of design, prototyping, marketing, programming, pro-
duction, testing, and so on. Everything we consume has to have been, in
one way or another, produced. At the very least, it seems, a new politics
of consumption must promote high standards by accounting for safety,
labor, environment, social justice, and other conditions under which prod-
ucts are made. “This argument has been of great political importance in
recent years, with public exposure of the so-called ‘global sweatshop’ in
the apparel, footwear, and fashion industries. Companies fear their pub-
lic images, and consumers appear willing to pay a little more for products
when they know they have been produced responsibly. There are fruitful
and essential linkages between production, consumption, and the envi-
ronment that we should be making.”!2

Focal engineering aims to make those linkages explicit. And, along the
lines of another of Schor’s elements, we might ask, what is involved in ex-
panding the quality of life? Focally engineered products aim at this expan-
sion. If more and more “stuff” is not the answer, perhaps the answer is
that less is more.

Affluence is always having more. Wealth is always having enough. Mod-
ern engineering contributes to affluence. Focal engineering will bring into
the world products that will increase our wealth. Affluence is glamorous,
Borgmann concedes, and “wealth in comparison is homely, homely in
the sense of being plain and simple but homely also in allowing us to be
at home in our world, intimate with its great things, and familiar with

11. Juliet Schor, “The New Politics of Consumption,” Boston Review, 1999 (Summer):
10-12; available at http:/bostonreview.mit.edu/BR24.3/schor.html/.
12. Ibid., 12.
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our fellow human beings.”!? The wealth of having enough and knowing
just when enough is enough can replace the affluence of having ever more
disposable commodities.

STRUCTURES

Most structures are purely functional. We use them. The job gets done.
We move on to the next thing. But some structures are not just functional
but are also embellishing and inspirational to the human spirit. Focal
structures, like bridges, like the Golden Gate, reflect their world as they
radiate out into it. They gather world to them as world gathers them to
it. What was heavy becomes light. What was dark becomes illuminated.
A focal structure, lightened and lit up, opens up to its world. Focal engi-
neering strives to bring structures into the world that will enliven and
embellish the patterns that constitute places as lived worlds. According
to Borgmann, “To open structures up is to give them an intelligible
design, to adjust them to their location, and above all to invite humans
to walk along, across, and through them, to rest and linger in them, and
to allow people to comprehend the structures from various angles and at
various levels.”'* Focal structures resonate with the worlds in which they
are embedded. Humans who take up with these structures are engaged
with them and enlivened in their worlds.

Architect Christopher Alexander discusses enlivening structures that
need not be great but can actually be humble. Consider a simple court-
yard. The structural engineers involved in the design and construction
of a courtyard might be teamed with architects, homeowners, planners,
and environmentalists. If this were a focally engineered project, focal engi-
neers would promote on their team an enlivening place where people
could sit under the stars, or sit in the shade and enjoy the sunny day. The
structure and materials that comprise the courtyard must resonate with
the patterns of human life-events that occur there, and the people who
will use the product determine those patterns. Alexander suggests that
people will walk in and out of a well-designed courtyard, passing through
it every day, in the course of their normal lives. Eventually the courtyard
should become a familiar and natural place to go and be a place that is

13. See Borgmann, Technology, 223-24.
14. See ibid., 243—44.
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used. But, on the other hand, a badly designed courtyard—one with re-
stricted access or intended as a destination in its own right—tends to stay
unused.'S Other features that make courtyards enlivening are an inter-
esting view from inside the courtyard looking out, which makes it a com-
fortable place to be, smooth transition from inside to outside, via a porch
or veranda, which makes it easier to go out more often, and a variety of
paths in the courtyard. Gradually the courtyard becomes a harmonious
and enlivening place to be.

But if walls enclose a courtyard leaving no opening to a larger world,
the courtyard produces a claustrophobic sense and is a deadening place.
If it has no porch or veranda as a space halfway between inside and out-
side, it does not invite people in. If the courtyard has no crossing paths
and only one path leading out to it, people will not frequent it. “They
hope to be there, but the lack of paths across the courtyard make it a
dead and rarely visited place, which does not beckon them, and which
instead tends to be filled with dead leaves, and forgotten plants.”¢

An enlivening product integrates smoothly with the patterns of human
life-events that characterize any particular place, and such places are typ-
ically nodes in a web of other such places: products, people, patterns,
and places in engaging accord. Focally engineered products, of course,
may transform the patterns of human life-events, but they do so, or ought
to do so, in such a way that the patterns are embellished. The enlivening
patterns, enhanced by focal products, contribute a sense of stability and
harmony to the lives of the human beings who use these products, as well
as to the people who design and manufacture them.

DEVICES

Structures are devices but not all devices are structures. The essence of a
device is its function. A device in Borgmann’s sense of the device para-
digm exists in such a way that its physical or mechanical presence tends
to disappear or recede as its commodity aspect is made available.!” Struc-
tures are devices, but they have a concrete physical presence that can be

15. Christopher Alexander, The Timeless Way of Building (New York: Oxford Univer-
sity Press, 1979), 109.

16. Ibid., 110.

17. See Borgmann, Technology, 40—48.
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enlivening or deadening. The more deadening the structure, the less con-
sequential its physical presence tends to be, and the closer it follows the
device paradigm. When we confront an ugly bridge, all we want to do is
get across it. Its functionality is all that matters. Its concrete physical
presence becomes irrelevant.

As far as nonstructural devices are concerned, the focal engineer aims
to engineer products that contribute to enlivening, engaging, and reso-
nant life-events or focal practices. Electronic device engineering is a major
concern of thousands of engineers today, most of whom would find it
hard to relate to the notion of focal engineering as described here. They
strive to get more and more computing power on smaller and smaller
pieces of silicon real estate. But even though much of this work is done
in “clean rooms” which are hermetically sealed from their surroundings,
no engineer is an island. The chips they design are for something, some-
thing bigger. To shift into a focal engineering perspective, an engineer
needs to inquire about the nature of this something. What is the device
for, the device in which the chip will be embedded? How does it add beauty,
peace, life, love, joy, to the world? In what way does it enhance human
life-events or focal practices? Why should it be brought into the world?
Why does it or why does it not support a sense of the good life in a con-
vivial society? And replies to these questions will inevitably be debatable
and open up other questions and other discourses.

PERSON/PRODUCT/WORLD ACCORD

The accord of person, product, and world refers to the harmonious man-
ner in which the end user takes up with the product emerging from the
focal engineering venture. At the same time, the end-user is enlivened in his
or her lifeworld as a result of engaging with the product, and the product
itself resonates with other things in its lifeworld. Among the reasons the
modern engineering enterprise is incapable of attaining such accord are its
inability to take the required extra time to accommodate this accord into
product design because of economic constraints and its failure to exercise
the virtue of phroneses because of its blindness to the relevance of context.
The person/product accord, one of the aims of the modern engineering
project in general and of the human-computer-interface (HCI) movement
in particular, is necessary but not sufficient for focal engineering, which
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aims at a person/product/world accord. HCI seeks to have machines be
more human, which is certainly a good idea. But humans, concomitantly,
tend to become more like machines. Integrating world as context into the
person/product accord helps to mitigate these tendencies. And that inte-
gration is precisely the aim of the practice of focal engineering. World is
context and is intentionally brought to bear on the focally engineered
product or person/product conjunct. The larger patterns must be allowed
to speak. They are part and parcel of focal engineering. They add their
share of dependable structure to the lifeworld.

While modern engineering may incorporate a larger pattern here and
there, it does so only when social forces—acting from outside the modern
engineering enterprise —demand attention, as is often the case with envi-
ronmental constraints. With regard to modern engineering, because social
and political interests have for the most part remained outside what engi-
neering values, the profession lacks, as Stephen Johnston, Alison Lee, and
Helen McGregor argue, “an adequate definition of human or community
needs on which to base ethical judgments on its activity. The subordination
by engineering science of all other discourses means that engineering has
defined its practice as lying outside the context in which it occurs.”!®

Because it denies context, the modern engineering enterprise will never
attain phronesis—practical wisdom. Recollection of context slows down
focal engineering and makes it less progressive than modern engineering.
But focal engineering is certainly more holistic than modern engineering.
Admittedly, one of the constraints to a full enactment of focal engineer-
ing is the modern engineering quest to minimize “time to market.” How
does a company maintain its competitive edge? Must focal engineering
look for ways to mitigate the determining power of market forces?

The focally engineered product, in invoking context, brings the ideas
of the Good and the Beautiful back into the picture. As philosopher Ken
Wilber has suggested, the Good and the Beautiful have been suppressed by
the hegemony of the True in the modern era. ' The modern Western world
had divided the cultural spheres of morals, art, and science, which before
the Renaissance had been intimately intertwined, but by the end of the
eighteenth-century scientists, artists, and intellectuals were all specializing

18. Stephen Johnston, Alison Lee, and Helen McGregor, “Engineering as Captive Dis-
course,” SPT Journal (http://scholat.lib.vt.edu/ejournals/STP/vi_n3n4/Johnston.html): 4.

19. Ken Wilber, interview by Mark Matousek, Utne Reader, July/August 1998, 50-56,
106-7.
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and heading in different directions with little communication among them-
selves. This led to fragmentation, isolation, and alienation. As Wilber
pointed out, “A very aggressive science, coupled with industrialization,
was allowed to colonize and dominate the realms of morals and art. With
the good and the beautiful removed from science, the only truth was mate-
rialism, which led us to our current disaster.”20

Engineers engineer not just products but worlds as well. They create
aspects of human lived worlds by the products they put into these worlds.
And the focal engineer aims at a person/product/world accord. To thwart
the growing dominance of the Bad, the Ugly, and the False, focal engi-
neering by knowing how, what, and why—or at least by asking how, what,
and why—tries to put in place products and practices that contribute to
the Good, the Beautiful, and the True.

WHY QUESTIONS

While how and what questions remain important to focal engineering,
why questions become pivotal. They ask for reasons, aims, intentions,
goals, the telos of the focal engineering venture. Often they are assumed
or vaguely expressed, like in the Strategic Defense Initiative (sD1) of the
early 1980s. President Reagan insisted that sp1 would render nuclear
weapons impotent and obsolete. As Langdon Winner points out: “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 seized upon the instrumental issues —
issues about ‘how’—as if they were the truly essential ones.” Ends were
taken for granted and not much discussed, while means were all that mat-
tered. People began to talk about gadgetry and instrumental concerns, the
wonders of technological possibility. They distanced themselves from ask-
ing why questions and from thinking about the goals of the project and
the relationship between ends and technical means.?!

Certainly, how and what questions are an integral part of the techno-
scientific project—how to solve these equations, what materials to use,

20. Ibid., 55.

21. Langdon Winner, “Engineering Ethics and Political Imagination,” in Broad and Nar-
row Interpretations of Philosophy of Technology, ed. Paul T. Durbin (Dordrecht: Kluwer
Academic Publishers, 1990), 61.
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how to work within this or that constraint, what procedures to employ.
We live in a world of rapidly advancing technology in which more and
more sophisticated tools and techniques are being engineered every day.
But we seem to have forgotten to ask why we do what we do. The U.S.
military, for example, has increasingly powerful weaponry at its disposal
and a great many situations across the planet seem to justify applying these
weapons as rapidly as possible. Yet the debate over the notion of a just
war never seems to get off the ground. Typically missing from our dis-
cussions about new technical means are deeply grounded reasons to guide
our choices.

Consider the quest for the genetic engineering of the human species.
Do we not all want optimal children? The means to achieve the kind of
human we want are becoming more and more available. It is beginning
to be possible to modify some human genetic structures. But why? Why
is such a project needed? What and whose goals are to be served? Before
continuing with such a project, one needs to explore the reasons.??

CONCLUSIONS

In a letter to the editor in the 1EEE Technology and Society Magazine,
Robert Brook takes Langdon Winner to task for insisting in an interview
that engineers be contextually sensitive:

Winner is unrealistic in his desire that engineers become politi-
cians and policy mavens. It is not the purpose of the designer of
a more efficient power supply or a class A amplifier to look for
its ramifications in the area of social justice. The economic need
is where engineering design starts. Engineers certainly cannot be
held accountable for the unintended and unforeseen consequences
of technological development—many of which turn out to bene-
fit society.?

Brook is making a category error. Winner’s interview is about focal en-
gineering, not modern engineering, which does have the limitations and

22. Thid., 60.
23. Robert Brook, letter to the editor, IEEE Technology and Society Magazine, Summer
1999, 4.
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constraints that Brook ascribes to it. Indeed, Winner states his position
quite clearly: “Technical change ought to be guided by principles of social
justice, psychological harmony, and personal dignity, rather than the un-
trammeled pursuit of efficiency and profit.”?* The idea of harmony is at
the heart of the focal engineering venture, while efficiency is intrinsic to
the modern engineering enterprise. The “modern” and “focal” notions
point toward different categories of engineering, the latter being more
inclusive than the former. And though a given engineer may adopt dif-
ferent features of each category, to varying degrees at various times, the
distinction should help to clarify issues, especially when focal engineer-
ing is advocated and is taken to be at odds with modern engineering.

I am not suggesting that modern engineering should be abandoned. It
will persist, as premodern engineering has. Modern engineering will hope-
fully bring forth products that are user-friendly, that exemplify values of
ideal modern engineering practice, including versatility, durability, sim-
plicity, and stability. Nevertheless, the product that is well engineered and
achieves these ideals, and that satisfies professional standards of safety,
efficiency, and cost effectiveness may, in spite of all these wonderful aspects,
still have a gravely deadening effect on the well-being of hapless users.
The danger is not modern engineering per se, but rather the exclusiveness
of such a practice. Without alternatives, the world will have to endure, as
it in fact does today, many deadening or disengaging effects. To counter
these effects, to promote things and products that have positive charac-
ter, focal engineering is called for.

24. Langdon Winner, “Technology as ‘Big Magic’ and Other Myths,” 1EEE Technology
and Society Magazine, Fall 1988, 4.
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MATERIAL ETHICS

In this chapter I will look at an ethics of products brought forth into the
world by the practicing engineer. A given product, as I indicated in the
last chapter, may be equitably distributed, totally safe, and environmen-
tally benign, yet it may still deaden or disengage us. Truly focal products
contribute to the good and open up rather than close down the world.
In this chapter I will make these ideas more explicit by employing a type
of ethics called material ethics, which stems from the work of Albert Borg-
mann. Material ethics seeks to assess the focal-ness of products that aim
to augment our shared lifeworld. The specific values I associate with the
material ethics assessment are engagement, enlivenment, and resonance.
Focal products are not the same as products that have undergone
human factors engineering. Kim Vincente defines human factors engineer-
ing as “the unique area of engineering that tailors the design of technology
to people, rather than expecting people to adapt to technology.”! There
is a huge and important literature in the human factors area. Part of that
area is taken up by the HCI (human-computer-interface) discipline, which
is of growing concern in light of the proliferation of computers.
Generally speaking, the physical and psychological sides of the human
person are major concerns of the human factors engineer. One of the
things these engineers do is document the psychological aspects of peo-
ple and the design techniques that can be used to create a fit with those
aspects.? So, we expect that the human factors engineers will make sure
the relationship of the end-user with the end-product is seamless to ensure
that the user finds the product absorbing. But the focal product aims to

1. Kim Vincente, The Human Factor (New York: Routledge, 2004), 1.
2. Ibid., 9o.
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be engaging rather than absorbing. Absorption with my family sedan, for
example, means I can drive the car without needing to explicitly think
about it. But engagement with my sports car is a different story. To drive
it properly, I need to be fully present with it. Absorption is a kind of dis-
burdenment. I know that the aim of much of our engineered technology
is to disburden us from onerous tasks, but Borgmann’s point, again, is
that a life of total disburdenment is a life of total disengagement. Focal
engineering aims to engineer products that will be disburdening but at the
same time engaging, enlivening, and resonant. Human factors engineer-
ing takes into account only part of the relationship between user and prod-
uct. Focal engineering takes into account every aspect of the three-way
relationship of user, product, and lifeworld.

How do we make lifeworld more explicitly a part of our deliberations
regarding the ethical assessment of a product? World or lifeworld is con-
text, and focal engineering looks at every particular product as being em-
bedded in its contexts first by asking about its orgins—its formal, material,
and efficient causes—and second by asking about its final cause, its goal,
its telos. These questions about causes and purposes, if kept on the table,
animate the lifeworld and keep it alive in our ethical assessments.

A clear, honest, noncoercive, public discourse—a conversation of the
lifeworld —will be required to assess the focally engineered product. A
major roadblock to that discourse is that public policy orientations these
days tend to favor a rather limited cost, risk, benefit analysis that down-
plays the role of ethics. Engineers, to distinguish themselves as focal engi-
neers acting in concert with other lifeworld deliberators, must extend their
purview beyond the merely pragmatic and efficient. They must develop
a better appreciation of their role as informed citizens who through their
works of engineering can contribute to an enhanced lifeworld.

In this chapter, I will discuss a methodology for assessing the focality of
an engineered product. Material ethics assumes that the virtue ethics assess-
ments associated with the personal ethics of the engineer and the process
ethics assessments associated with the professional ethics of the engineer-
ing process have been made with positive results. Yet, virtue ethics and
process ethics assessments are necessary but not sufficient. Material ethics,
which is a kind of public policy ethics, is a different kind of engineering
ethics. Unlike virtue ethics of the individual engineer and conceptual ethics
of the professional engineer, material ethics requires the contributions not
only of engineers, focal engineers, but also of a variety of other citizens.
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FOCAL ENGINEERING IS LOCAL ENGINEERING

Having become almost a cliché, the expression “think globally, act locally”
is seldom given a second thought, yet it has definite relevance to the focal
engineer in the conversation of the lifeworld. Global concerns, of course,
abound. There remain the global problems of hunger, pollution, over-
population, poverty, and energy depletion, among others. Most of us feel
helpless in the face of these problems. But hope dies hard, and many peo-
ple are proposing local steps to be taken which, if compounded, would
have global ramifications. If more people grew their own vegetables, for
example, world hunger would no doubt diminish. Local issues can be
addressed by focal engineering. As these local incidences proliferate, the
global village starts to thrive.

Though global concerns are certainly important, the initial encounter
with context is a local experience. At the center of the material ethics
assessment procedure of the focally engineered product is the require-
ment that the outcome must be good, do good, or contribute to the good,
within the context of the end-user’s local involvements. Being in a life-
world means being bound up with social and political contingencies as
well as a wide range of other patterns of human life-events. Such a life-
world, in which I dwell and to which I am bound, can be thought of as
a local habitation or engineering ecology, similar to what Bonnie Nardi
and Vicki O’Day refer to as information ecologies.’

By this we mean settings in which we as individuals have an active
role, a unique and valuable local perspective, and a say in what
happens. For most of us, it means our workplaces, schools, homes,
libraries, hospitals, community centers, churches, clubs, and civic
organizations. For some of us, it means a wider sphere of influ-
ence. All of us have local habitations in which we can reflect on
appropriate uses of technology in light of our local practices,
goals, and values.*

The project of focal engineering aims to make the engineered world,
the engineered ecology, engaging, enlivening, and resonant as a result of
incorporation of this or that system, device, organism, service, structure,

3. Bonnie A. Nardi and Vicki L. O’Day, Information Ecologies: Using Technology with

Heart (Cambridge, Mass.: MIT Press, 1999).
4. Tbid., ix.
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or network. Even if the engineered is seemingly immaterial, for example,
a virtual reality, it still has material consequences. These are of concern
to material ethics. What kind of prospects does a focally engineered sys-
tem or device need if it is to be considered good or at least contributing
to the good? It must be able to provide enrichment and fullness of con-
textualized being, conceptual continuities, and community attunements.
Since these things mean many different things to many different people,
the point of departure for focal engineering is opening the dialogue.

CONSEQUENTIALISM

Material ethics is a form of consequentialism, which claims that the moral
rightness of an act depends on its consequences. The consequences of
choosing the focal product over the nonfocal product are a more harmo-
nious lifeworld and a harmony in the day-to-day tasks that make these
tasks eventful. Living in harmony and peace with ourselves and one an-
other within our engineered world may not be possible in any absolute
sense, but it can be a vision toward which we strive.

Is material ethics then just utilitarianism? No. Consequentialism is the
broad category. Utilitarianism is one form of consequentialism. Material
ethics—as I envision it—is another. Utilitarianism, which seeks the greatest
happiness for the greatest number, is the most common form of conse-
quentialism and, like Kantian ethics, lies more toward the Moralitdt end
of the Moralitat/Sittlichkeit spectrum, the realm of practical ethical judg-
ments, within which a general notion of duty is paramount. Within it there
is an insistence that the duties which bind agents are based on pure reason.
Materials ethics lies more toward the Sittlichkeit end of the spectrum, the
practical realm of moral being and conduct, the world of our everyday
involvements in which we encounter reality directly, wherein we intuitively
sense how to be in accord with “the ought” or “the should.” What matters
to material ethics is the harmony that ought to result from an end-user tak-
ing up with a focal product with both user and product embedded in a con-
textualizing lifeworld. At the root of its concerns, material ethics includes,
in Borgmann’s words, “a moral assessment that takes into account the
concrete dailiness that channels our endeavors and aspirations.”’

5. Borgmann, “Moral Assessment of Technology,” 211.
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ASSESSING THE PRODUCT

To assess a product using materials ethics, we need to know how well
the interaction of product, end-user, and lifeworld realizes the values of
engagement, enlivenment, and resonance. Engagement arises from the
interaction between the end user and the product; enlivenment, from the
interaction between the end user and the lifeworld as a consequence of
using the product; resonance, from the interaction of the product and the
lifeworld (Figure 4).

USER

engagement enlivenment

resonance

Figure 4. The Assessment Triangle

How might we go about making such an assessment? One way is the
method I proposed earlier in the book for assessing the engineering pro-
cess and the engineers involved in it. We can ask the participants in a dis-
cussion of the product in the lifeworld to assess the relationship between
end-user and product (engagement), the relationship between end-user and
lifeworld (enlivenment), and the relationship between product and life-
world (resonance) on the now-familiar scale of —3 for very negative to +3
for very positive. As before, we will assign the average of their responses to
the appropriate value function (], J,;, J,) As before, the value functions
are weighted (the v, terms). As before, assume initially that all three value
functions are equally weighted (v, = /3). And as before, the numerical
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value of the weighted ] function will indicate whether or not the materi-
als ethics value associated with it has been achieved.

By definition J_ = v, J, + V. Ja + v, ],
with y, + v, +vy,= 1.0

Assume that as a result of conversations, we can gather a material ethics
assessment of the RFID device, the example used in Chapters 2 and 5.
The participants decided that the engagement of the end user with the
RFID device would be rather minimal. The value of Jog = —2.0 seemed
appropriate. The enlivenment of the end user in his world also turned
out to be minimal so J, = —2.0 was deemed appropriate. The resonance
of the RFID product and the human lifeworld was trickier to assess. This
kind of resonance, impossible to measure, seemed to depend on the pro-
ponents of RFID making a case for how enlightened the world will be
with a proliferation of RFIDs. Much discussion resulted in a value of
J. = 1.0. The total value function J_ is computed:

J. = 18(=2) + 3(=2) + 3(+1) = -1.0

indicating a not very positive material ethics assessment. Again, this num-
ber is not the “answer” to the ethical question about whether or not the
RFID device contributes to harmonious reality. But the number can pro-
vide a point of departure for further discussion.

CONSENSUS CONFERENCE MODEL

I assume that a conversation within an engineering group has done a vir-
tue ethics assessment of the engineers involved in a given project, and I
assume their assessment was positive, at least in terms of the personal
virtues of fairness, honesty, and care. Furthermore, I assume that a con-
versation at the level of the profession has determined that the values of
health and safety, environmental sustainability, and social justice have
been honored by the engineering process. Nevertheless, if a company, for
example, engineers a product about which there is some ambiguity regard-
ing its environmental sustainability, then what? If the conversation at the
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level of the profession allows this product to be produced —perhaps giv-
ing it a green light because even though there was ambiguity regarding
environmental sustainability, the other values of social justice and health
and safety received high marks—then the ultimate burden of assessment
falls upon the conversation of the lifeworld. Within that conversation the
product is to be assessed primarily in terms of material ethics and the val-
ues of engagement, enlivenment, and resonance. However, within that
conversation the virtue ethics and conceptual ethics assessments must also
be reviewed. The conversation of the lifeworld is the Supreme Court of
engineering ethics assessments. How might the conversation of the life-
world unfold?

For example, people can just get together in a neighborhood or town
meeting, talk things over, and decide on whether or not to install speed
bumps. Take a vote and that’s it. But what about more complex issues?
Especially issues involving controversial engineered products? Genetically
engineered or genetically modified (M) foods are widely discussed today.
Are the products or policies surrounding the products good or do they
promote the good? Gathering, discussing, and voting seem to be neces-
sary but not sufficient. Many layers of interpretation, for instance, sup-
port the notion of GM foods. The conversation could be more structured.
Who, for instance, should be conversing? This is, I believe, the place where
consensus conference models could come in handy. The consensus con-
ference arrangement of public participation was first instituted by the
Danish Board of Technology in 1987 and has been employed many times
since, mostly in Europe.

A consensus conference can be defined as a method of technology
assessment organized as a meeting between an expert panel and a lay panel
consisting of concerned citizens.® The lay panel of citizens actually does
the assessment after being informed by the experts. My suggestion is that
both panels should include focal engineers. Focal engineers on the expert
panel would, of course, be experts in the area of engineering from which
the product springs. Focal engineers on the lay panel would be function-
ing in their role as citizens. A consensus conference is analogous to a jury

6. Johs Grundahl, “The Danish Consensus Conference Model,” in Public Participation
in Science: The Role of Consesus Conferences in Europe, ed. S. Joss and J. Durant (Lon-
don: Science Museum, 1995); available at http://www.ucalgary.ca/~pubconf/Education/
grundahl.htm.
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process used in the courts. Sometimes they are called citizens’ panels. Each
panel consists of a representative cross-section of nine to fifteen citizens.
These are people to be affected by the public policy under consideration.
The citizens’ panel is chosen by a steering committee whose membership
includes only those who have no direct stake in the outcome of the pol-
icy recommendations.”

The expert panel is also chosen by the steering or planning committee,
though the lay panel has some input as well. The steering/planning com-
mittee must be as impartial as possible. In a typical Danish consensus
conference, the Danish Board of Technology, which is a quasi-independent
state agency, sets up the steering committee.® Who controls the controllers
is a question that sometimes comes up here. Striving for as much impar-
tiality as we can on steering committees is the best we can do. Consensus
conference recommendations are, as a matter of fact, seen as remarkably
unbiased. Assuming a well-balanced steering committee is selected to over-
see the consensus conference organization, what kind of constituency
might that committee have? Typically it might include “an academic scien-
tist, an industry researcher, a trade unionist, a representative of a public-
interest group, and a project manager.”® And [ would, of course, strongly
recommend the inclusion of focal engineers.

Focal engineers, then, should be on the steering committee as well as
on the lay and expert panels. Focal engineers are, after all, citizens as
well as engineers, and they have a special attunement to the good works
that engineering can bring forth.

The theory behind Danish technology panels is that while experts can
provide insight into the issues, mechanics, facts, possibilities, and prob-
lems associated with a particular technology, they do not have any bet-
ter sense of what ought to be the case than the average citizen. In a
democracy we the people should have the final say. Those of us whose lives
are affected by an issue should have an effective voice in deciding how to

7. Bob Hudspith and Mike Kim, “Learning from a University-Cosponsored Regional
Consensus Conference,” Bulletin of Science, Technology & Society 22, no. 3 (June 2002):
232.

8. Phil Bereano, “Report on Danish ‘Citizen Consensus Conference’ on Genetically
Engineered Foods, March 12-15, 1999,” 2; available at http://www.loka.org/pages/Danish
GeneFood.htm.

9. Richard E. Sclove, “Town Meetings on Technology,” in Science, Technology, and
Democracy, ed. Daniel Lee Kleinman (Albany: State University of New York Press, 2000), 3 5.
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deal with it. The people who have to live with the results of the technol-
ogy should be the judge about how to deal with the inevitable trade-offs.
On these technology panels, people bring up for discussion their feelings,
their values, their humanity, and the experiences of their everyday lives.
This is precisely what is missing from most official dialogue about tech-
nical issues.!°

The experts and the people should strive for consensus; however, the
consensus sought here “is not the familiar Beltway political consensus,
in which powerholder A trades favors with powerholder B, or where pow-
erful interest groups forge lowest-common-denominator compromises at
the expense of the rest of society.” It is creative movement in the midst
of inevitable differences and conflicts, seeking to achieve deeper and higher
levels of common ground, often with unpredictable consequences.!! Often
in authentic dialogue there emerges an inspiration that cannot really be
attributed to any particular speaker, but comes from the connections be-
tween participants that the dialogue promotes.

Now, the lay panel of the consensus conference, in my estimation,
needs to expand its horizon. The ingredient I would like to insert into the
mix of their deliberations is an assessment based on the ideas of material
ethics. That would entail looking at any issue through the lens of the val-
ues of engagement, enlivenment, and resonance. I would think that a
numerical value of 1.5 or above on the —3 to +3 scale mentioned above
should be a requirement to give a project a green light. Of course, these
and all such concerns should be open to discussion in the ongoing con-
versation of the lifeworld. In addition, if a consensus does not seem pos-
sible, I might want to include a constraint on variance. A lay panel with
a high variance in their assessments could be assumed to have not yet
finished their deliberations.

One more thing: the lay panel should also review the virtue ethics and
process ethics assessments that are presumably done in-plant and at the
professional level, respectively. Integrating the assessments of all three
types of ethics—virtue ethics, process ethics, and material ethics—can re-

sult in an overall value function of the form

10. “Danish Citizen Technology Panels,” 2, from a report of The Co-Intelligence Insti-
tute, available at http://www.co-intelligence.org/P-DanishTechPanels.html.
11. Ibid.
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J=a] +BJ, +v],

witha +f +vy=r1.0

and the Js are again restricted to a scale from —3 to +3. Since the notion of
“at the professional level” is somewhat vague, we could have the process
ethics assessment in terms of environmental sustainability, social justice,
and health and safety done by professional engineers who are members
of the expert and lay panels. These consensus conferences, in fact, might
be optimal configurations for doing both process ethics and material ethics
assessments. But that would require both the lay panel and expert panel
to include professional engineers as well as focal engineers. They could,
of course, be the same persons. By the expression professional engineer 1
mean a practicing engineer who is recognized as a professional by the
society in which he or she functions.

CONCLUSIONS

Focal engineering and its assessment demand that before we decide on
any suggested technological innovation we think seriously about it and
talk about it. Reflection and discussion should precede letting loose upon
the planet any new engineered product. This is not really anything new.
Since our engineered world has transformed so rapidly, speed matters
most, and many believe reflection is a luxury we can ill afford. But unless
we make time for that reflection, the perception is that technological deter-
minism prevails and the possibility of avoiding colonization of our life-
worlds appears slim. A slowing down and a step back are the minimal
requirements.

There is a story of the Cheyenne Indian priest who consulted their most
important god about whether the tribe should accept the new technol-
ogy of horses when neighboring Comanches offered them to the tribe. He
reported back to his people:

If you have horses everything will be changed for you forever.
You will have to move around a lot to find pasture for your horses.
You will have to give up gardening and live by hunting and gath-
ering, like the Comanches. And you will have to come out of
your earth houses and live in tents. . . . You will have fights with
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other tribes, who will want your pasture lands or the places where
you hunt. You will have to have real soldiers, who can protect
the people. Think, before you decide.?

But, you may insist, the contemporary engineer is thinking all the time,
seeking optimal solutions and “best practices.” Contemporary engineers
tend to be typically modern, which implies that they take on features of
premodern engineering as well as a scientific perspective. Many projects,
judgments, calculations, and decisions can be carried out in a premodern
way. Design in the past was often intuitive. Design these days tends to be
science based. Modern engineering explicitly employs science in the ser-
vice of its methods and processes, particularly the design and manufac-
turing procedures, key ingredients in the production process. But the focus
of the modern engineering enterprise is on means and methods. Ends and
goals are usually considered to be outside the purview of the engineer.
The discussion about ends and goals gets foreclosed because it is taken
for granted that we all want to be disburdened and entertained.

A discussion of aims of the engineering project, as distinguished from
the project itself and its methodology, brings modern engineering face to
face with the possibilities of focal engineering. The venture can and should
be directed toward the big problems of the day, like global warming, ozone
depletion, declines in biodiversity, growing rates of resource depletion, and
exponential population growth. Yet focal engineering seeks most earnestly
to act locally, to embellish local ecologies with systems, services, devices,
organisms, and structures whose prospects are good for advancing the
engaged life. The best practice for a focal engineering enterprise might be
not to bring forth such and such, but rather to decide against letting
loose into the world another product that would lead to disengagement
and dislocation.

To get to the point of seeing the crucial importance of focal engineering
requires a fundamental reorientation of perspective, a shift in worldview,
for both the engineering project and for our public discourse. In which
public arenas might this best occur? Profit-driven corporations may be too
entrenched in a bottom-line modern perspective, valuing only efficiency
and productivity. The university, however, is touted as a place where

12. W. H. McNeill, “Goodbye to the Bison,” New York Review of Books, April 27,
2000, 23.



I90 PART III: THE FOCAL ENGINEERING VENTURE

students not only prepare for future careers, but also engage with contex-
tualizing critiques of their lifeworld, putting it in perspective, and adopt-
ing a critical attitude toward it. However much it may have fallen from
grace, the university is, I suggest, the most promising place to begin the
conversation of focal engineering. For openers, without making drastic
changes in curriculum, engineering instructors could initiate more why
questions. Opening up the world in which a proposed device will function,
why questions bring context to bear on the deliberations of professional
engineering. How might the precise skills students learn in engineering
fields be brought to bear upon the questions of connections between per-
sonal life and the social lifeworld? As Langdon Winner puts it: “Our moral
obligations must now include a willingness to engage others in the dif-
ficult work of defining what the crucial choices are that confront tech-
nological society and how intelligently to confront them.”"3 Clearly, the
crucial choices for the ideal engineering project, the focal engineering
venture, are choices about engineered products that are to be brought
into the world.

The material ethics assessment is based on relating the values of en-
gagement, enlivenment, and resonance to the constellation of product/
user/world. The minimum requirement is the participation of the focal
engineer in a conversation of the lifeworld about the product at issue.
Ideally, such assessment should be done as soon as possible in the cycle
of the product’s design and development, at least before the product is
brought forth into the world and made available for mass consumption.

I emphasized the consensus conference model of the conversation of
the lifeworld because of its democratic, dialogical, and unbiased nature.
The growing positive reputation of such conferences suggests that future
technoscientific assessments can incorporate the voice of average citizens,
including the disenfranchised, previously considered unable to understand
the intricacies of the technoscientific phenomenon at issue. One doesn’t
really need to understand the details of, for instance, a radar system we
may be assessing. But with expert input and intensive discussion, most
average citizens who are serving on a lay panel can understand its uses
and implications.

13. Langdon Winner, “Engineering Ethics and Political Imagination,” in Broad and Nar-
row Interpretations of Philosophy of Technology, ed. Paul T. Durbin (Amsterdam: Kluwer
Academic Publishers, 1990), 62.
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BALANCE

The colonization and contextualization intrinsic to the engineering proj-
ect will come into balance as the modern engineering enterprise shifts to-
ward the focal engineering venture. The focal engineer contributes a new
perspective from within contemporary technological culture, a perspective
that will challenge our apparently accelerating plummet into a hypertech-
nological postmodern future. The hypermodern spirit seems to be on the
verge of overwhelming us today, and our worldview seems to be uncrit-
ical of, indeed totally complicit in, that process. What we need is a bal-
ance of that spirit with a more critical worldview. What we witness,
however, is a proliferation of all kinds of technologies, filling every cor-
ner of contemporary life. Some of it is of course useful, but it is hard to
see how much of it contributes to advancing the quality of human life.
The result, in Borgmann’s palpably poetic expression, is “a suffocating
overlay of disposable reality.”!

To counter this descent, Borgmann recommends focal things and focal
practices, and along Borgmannian lines, I am promoting a focally engi-
neered reality. The focal engineering I am proposing is a specific kind of
focal practice, the process of engineering itself as a focal practice, resulting
in products that will either be candidates for focal things or will contribute
to other focal practices. Such products can promote a commanding reality
that balances the proliferation of disposable reality.

In this book I have been in pursuit of several states of balance that en-
compass the project of engineering. The balance of the old with the new,
emotion with order, the general with the concrete, the one with the many,
are all involved. But to be more specific, in this final chapter, I look at the

1. Borgmann, “Moral Significance of Material Culture,” 299.
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balanced engineer as the focal engineer, the balanced engineering project
as the focal engineering venture, and the balanced engineered product as
the focally engineered product.

Focal engineering will bring the colonizing forces of modern engineer-
ing and the contextualizing forces of premodern engineering into a state
of equilibrium around the focally engineered product. These activities,
within the consideration of the focally engineered product, become ex-
plicit concerns. Context is no longer side-stepped but becomes a crucial
element in the focal engineering conversation of the lifeworld. Within
that conversation, the material ethics assessment evolves, and harmony
becomes the measure against which any proposed focal product stands.
If the product does not yield a harmonious accord among end-user, prod-
uct itself, and the lifeworld, then it cannot be called a focal product. If it
does, then nothing stands in its way. If the assessment happened to reveal
a harmonious accord after a product is designed and produced, then we
are generally pleased. But the more thoroughly focal product is the one
designed from the ground up to exhibit that harmonious accord.

Balance refers not only to product but also to the process of focal
engineering, specifically the local/global balance that the focal engineer-
ing venture strives for. To be focal is primarily to be local. But we are
deluged these days with claims of a globalized world and with positions
favoring the essentiality of the globalization process. It connects us all,
so the stories go, on a very high level, and it may be the only salvation
for the future of the human species. Upon closer observation of those
connections, however, they appear to be primarily economic in nature.

But, in point of fact, I fail to engage, in a full sense of the word and for
the most part, with anyone I cannot meet face to face. There are excep-
tions. Feenberg mentions a medical support bulletin board devoted to peo-
ple with Lou Gehrig’s disease. The people on the board connect globally
with others and share deep feelings about dependency, dying, and sexual-
ity. These online networks certainly exhibit focality. Though the frankness
in some of these discussions “may owe something to the anonymity of
the online environment,” generally speaking, the quality of these discus-
sions and involvements are buttressed by face-to-face meetings at picnics
and other gatherings.? And though the focal is generally focused in the
local, the global nature of human connection will no doubt continue to

2. Feenberg, Questioning Technology, 192.



BALANCE 193

thrive and will probably remain essential to most future endeavors. What
the focal engineering venture really seeks is not local over global involve-
ments but rather a harmonious balance of local and global forces.

In addition, the idea of balance refers to the person, the focal engineer,
who achieves a balance between the moods we find ourselves in and the
understandings we develop: as Befindlichkeit and Versteben called these
disposition and projection in chapter four. Other kinds of balance may
also be relevant. A plethora of key distinctions, then, emerges everywhere
we turn, calling for balances not only in persons, but also in processes
and products. If they are to be deemed focal, within the focal engineer-
ing venture, it will be necessary that the engineered, engineering, and the
engineer achieve a state of balance. The first systematic concern of the
chapter, as we move in the direction of a state of balance, will be with
the person, the focal engineer.

THE ENGINEER

Like most people, focal engineers see the world in terms of both actuality
and possibility. They are actual engineers, having graduated from this or
that engineering school, working typically at some particular company, on
some particular project. But their possibilities, both as engineers and as
citizens, are more extensive than the particulars of their lives. Possibilities
are what connect them to other people and things in their lifeworld. We
might say that possibilities are com-possibilities. Modern engineers, as
engineers, generally accept the actual givens in their lives as being the cru-
cial aspect of their being engineers. But focal engineers seek to balance
the facts of their being with the possibilities of who they can be as engi-
neers. They tend to be reflective in their outlook. For example, a focal
engineer might be concerned with questioning a procedure for its longer-
term effects on health and safety, or trying to understand what it means
to be an authentic engineer, or figuring out how to go about bringing into
the world harmonious products. Many philosophers privilege the realm
of the possible and maintain that it is prior, in the sense of fundamental-
ity, to actual existing entities. Possibilities or com-possibilities are always
already there and presupposed whenever any actual entity comes into view.
Those possibilities can be viewed, in fact, as constitutive of that actuality.
As Michael Gelvin puts it in his commentary on Heidegger, “There must
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be a mode beyond the limits of the actual, if there is to be an understand-
ing and indeed a conceptual use of the actual existing entities. Possibility,
whether articulated in terms of freedom (Kant), will (Schopenhauer), or the
will to power (Nietzsche), alone can provide the perspective of the self
necessary to explain the occurrence of the philosophical activity.”? That
perspective provides the framework for understanding and interpreting
any given actual situation. Those givens may certainly be real but what
do they mean? If we use the term “reality” to mean the sum total of all
existing entities in the world, then actuality is “more real” than possibil-
ity. But possibility, argues Gelvin, is more meaningful than actuality.

The meaning of their role as engineers is what focal engineers strug-
gle with, even though that struggle may be backgrounded in their daily
push to get the product out the door. There is always a question about
whether that product is a good product, a focal product. Possibility, then,
is primary in the involvements of the focal engineer, while actuality is
more important in the involvements of the modern engineer. Focal engi-
neers, of course, are not unaware of their actual situation but rather seek
a balance between the actual and the possible. And this is no doubt also
true for reflective modern engineers, although that reflection tends to be
primal for focal engineers and secondary for modern engineers.

To enhance this analysis we can look at the Heideggerian ideas of
Befindlichkeit and Versteben, the state in which one finds oneself and the
understanding associated with that state. Befindlichkeit and Verstehen,
which Heidegger refers to as existentiales or fundamental features of our
basic condition of being-in-the-world, indicate the bringing of awareness
to the facts of our actuality and possibility. I find myself having certain
dispositions, having been cast into a world I did not create. I keep shuf-
fling through my possibilities and trying to make the best of an often ill-
understood situation. The understandings I do arrive at are usually partial
and difficult to maintain. As an engineer I may feel focal one day and
completely unreflective the next. Still, focal engineers persist in alternat-
ing between experiencing actual reality and seeking understandings and
possible interpretations of that reality.

What I have in mind here can be thought of as a hermeneutic circle.
Hermeneutics is the practice of bringing to light interpretations and

3. Michael Gelven, A Commentary on Heidegger’s Being and Time, revised ed. (DeKalb:
Northern Illinois University Press, 1989), 79.
4. Ibid., 8o.
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meanings drawn from the world or context of our involvements. Peter-
Paul Verbeek elaborates on this idea by employing Don Thde’s scheme of
mediated perception, in which “technology” mediates between the “self”
and the “world.” Verbeek takes Thde to task for suggesting that humans
are already given as such and world is already given as such and in between
we find artifacts. The more appropriate way to envision this, according
to Verbeek’s postphenomenological perspective, is that subject and object
mutually constitute each other. “The relation between subject and object
always already precedes the subject and the object themselves, which im-
plies that the subject and object are mutually constituted in their inter-
relation.”’ For us, the engineer is always already implicated in the world.
World conditions engineer, and engineer conditions world —to some degree
at least. And how humans are and how world is are contingent upon the
engineered products we let loose into the world. Focal engineers realize
that they and their worlds are not just impacted by those products but
that persons (both engineers and end-users), products, and world are, in
Verbeek’s terminology, mutually constituted in their interrelation. The her-
meneutics involved in this conflux of interactions circle between person
and world, between product and person, and between product and world.
A balance in these hermeneutic circles might be characterized by the notion
of harmonious accord.

How, then, should focal engineers be? Of course, I will assume focal
engineers practice the virtues of care, honesty, and fairness in their engi-
neering work. But also, in balancing out their actual and possible states
of being, they balance out the factual way they find themselves immersed
in this or that specific situation (Befindlichkeit) with understandings
(Verstehen) and interpretations pertinent to that situation. Balanced and
focused, they emanate a commanding presence in the face of the vicissi-
tudes of everyday engineering life. They realize that the fruits of their
labors will not just impact but will actually constitute ways of being. They
stand their ground in making clear that their practice aims at health and
safety, environmental sustainability, and social justice. And their focal
engineering activities yield a product that will harmonize with end users

and their world in an engaging, enlivening, and resonant manner.

5. Peter-Paul Verbeek, What Things Do: Philosophical Reflections on Technology, Agency,
and Design, trans. Robert P. Crease (University Park: Pennsylvania State University Press,
2005), 129-30.
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ENGINEERING

Focal engineering assumes that the modern engineering values have been
pursued: health and safety, environmental sustainability, and social justice.
These are essential but they are not sufficient. The harmony that the focal
engineering venture aspires to takes the project of engineering to a new
level. Not a higher level but, in a sense, a lower level. The focal engineer-
ing process focuses on the local domain, and it does so as a counter to
globalization, to the global capitalist movement that has become hege-
monic in contemporary society. Balance is probably a better word than
counter, since the forces of globalization are ubiquitous and, so it appears,
insurmountable.

Much, in fact, is being written these days about the wonders of globali-
zation, the international bonding that shapes the political and economic
relationships of almost every country on the planet. In his book The Lexus
and the Olive Tree, Thomas Friedman says that globalization “can be
incredibly empowering and incredibly coercive. It can democratize oppor-
tunity and democratize panic. It makes the whales bigger and the min-
nows stronger. It leaves you behind faster and faster, and it catches up to
you faster and faster. While it is homogenizing cultures, it is also enabling
people to share their unique individuality farther and wider.”¢ So, glob-
alization is ambiguous, that’s for sure. And most of us are ambivalent
about it. It invokes undecidability. Can we embrace the good stuff and
shy away from the bad? Or do we have to either take it altogether or leave
it? Or can we even leave it if we wanted to?

Whatever the case, the spread of the idea of the self-regulating mar-
ket to every corner of the globe seems now to be a fait accompli.

Globalization is a decentralizing phenomenon. There is no center or
structure of power and control. It erupts and has erupted everywhere at
once. With no one in charge there is no visible hand, only the invisible hand
of the market. Is globalization really just capitalism writ large? Does this
mean that one cannot criticize globalization without also criticizing cap-
italism? Often, proponents as well as opponents of globalization choose
to exaggerate the role of popular vehicles of globalization like NAFTA
(North American Free Trade Agreement). They avoid any serious dis-
cussion about historical capitalism. As J. B. Foster maintains, “Radical

6. Thomas Friedman, The Lexus and the Olive Tree (New York: Anchor Books, 2000).
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dissenters frequently single out the wTo, the 1IMF, the World Bank and
multinational corporations—and even specific corporations like McDon-
alds—for criticism, while de-emphasizing the system, and its seemingly
inexorable forces.””

One of the accepted if not acceptable consequences of globalization is
the decline in the sovereignty of nation-states. The flow of capital eludes
the constraints of local or national interests. Capital investors and multi-
national corporations are free to roam about the globe and are beholden
to no nation-state or power structure. Their goal is endless and efficient
production and accumulation of consumable commodities and a maxi-
mization of profits acquired through basic market exchanges. Labor, unlike
capital, remains a local phenomenon, but it, like capital, serves the goals
of productivity and efficiency. Also, labor is becoming increasingly deval-
ued with the ascendancy of automation, leaving capital at the helm. Within
this milieu of productivity and efficiency, capital colonizes the lifeworld.
That is, if unfettered, globalized capital becomes the vehicle whereby, as
Habermas claimed, the realm of system colonizes the lifeworld.

Nation-states, however, remain intact to varying degrees even though
their sovereignty is diminished. They become rational players in the game
of world culture. On the one hand, integration of nation-states can result
in a global homogeneity because global concerns take precedent over local
concerns and swamp out the uniqueness of any given particularity. On the
other hand, that integration can bring forth a global heterogeneity with
a mix of cultures yielding a global mosaic.

The mosaic versus melting pot idea used to be applied to the country
but is now conceived globally. A key question is whether the global inte-
gration taking place today will turn out to be a Gemeinschaft (commu-
nal society) or a Gesellschaft (associational society). Because the former
thrives on local engagements, the latter seems to be the case. In either
case, however, there is no doubt that globalization has changed the essence
of human interaction. As our culture pushes ever more strongly toward
globalization, we sacrifice much that was near and dear. How can we
recapture some of that local spirit without being romantic or nostalgic?
For example, I find buying organic food locally at small natural food
stores or at farmer’s markets is more satisfying than shopping at the giant

7. ]. B. Foster, “Monopoly Capital and the New Globalization,” Monthly Review, Jan-
uary 2002, http://www.findarticles.com/p/articles/mi_m1132/is_8_53/ai8200 6/pg 2/.
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supermarket chain. You get to know the customers and workers at small
stores. It is more personal. Supporting local economy also feels more
authentic. The global chains can provide me more instantaneous avail-
ability of foodstuffs than can the local providers. I cannot get organic and
locally grown grapes at the farmer’s market here in California in the win-
ter. But just down the street at the supermarket I can buy grapes from Chile
on the coldest and rainiest winter day. I prefer to just do without grapes
in the winter. I feel more in tune with the rhythms of the local seasons.

As globalization pushes down across the boarders and on into South
America and into the third world countries of Asia and Africa, we see the
ill effects of organizations like NAFTA and the Fraa (Free Trade Area of
the Americas). For one thing, the environment suffers due to market lib-
eralization. Agricultural production suffers in the United States when we
can buy food from the other side of the world at cheaper prices. Manu-
facturing, especially of the high-tech variety, endures a similar fate. These
kinds of organizations are aiming to liberalize public services, which really
means to privatize them. They seek, ultimately, to eliminate the com-
monweal. Public services are being viewed as inefficient, and by priva-
tizing such services as education, health care, social security, water, postal
delivery, and so on, we can save money and advance our quality of life.
Of course, who makes out on these deals? Corporations to be sure. The
poor people suffer as usual. And corporate privatization is on the rise in
the United States and globally.

But focal engineering is local engineering. It aims to serve the public
good, the commonweal. However, given that most engineering is a cor-
porate concern, and most corporations are increasingly global, we must
ask whether focal engineering is even possible. If it is not possible to keep
context alive in the deliberations of the engineering project, then it might
not be. But nowadays some concern for context is already mandated even
by modern engineering ethics. The modern engineer is called upon to strive
for environmental sustainability, health, safety, and social justice. The focal
engineer is called upon to do the same, but other things as well. Contex-
tual conversations need to be expanded, especially into areas of the pos-
sibility of a general harmony attributable to focal products. The smaller
the corporation, the more likely it seems such conversations will be per-
mitted and maybe even encouraged. Focal engineering, then, would seem
to be at home in small start-ups and in companies that pride themselves
on their human face. In any event, conversations are the key.
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As an example, assume in my human-oriented company we are assigned
the task of coming up with a proposal for engineering a movable walk-
way for a new airport in a developing third world country. Our nonfocal
competitor submits a proposal that meets the specifications. Their design
has minimal environmental impact, meeting all EPA standards. Its safety
is guaranteed. As far as social justice is concerned, that’s somewhat too
vague and is left up to the politicians of the country. My focal engineering
company has met all the technical and ethical standards that our com-
petitor has. But we have an ongoing conversation with representatives of
all concerned parties. Trips to the site were needed. There we discussed
the walkway with airport users, owners, and workers. Our conversations
were informal, but in general could be formalized along the lines of the
Danish Consensus Conference model discussed in the previous chapter.
How could our design harmonize with the hustle and bustle of the air-
port ambiance? We contemplated applying the principles of feng shui to
make the movable walkway more resonant with the world of the airport.
Will the world of the traveler be enlivened by using this product? Can
they actually engage with the product, or will it just be something they
use for its convenience and then forget about? Maybe that’s all we want
from the product. How might we make the experience memorable? Or
is that even important or desirable? These are questions the focal engineer
should address. We delved also into social justice issues that our com-
petitor company glossed over. Will poor people be welcomed by this prod-
uct? Of course they do not use airports much. But when they do, they
should certainly feel welcomed. And what about the environment con-
sidered more deeply? Our competitors satisfied the minimal requirements,
but we were interested in how the product/environment totality could actu-
ally contribute to social and environmental good, rather than having the
product just do no harm. These kinds of concerns were more than just
aesthetic overlays or optimal packaging of a given product. They were
attempts to contextualize a product in the process of its realization. They
were focalizations of our engineering practice.

However, will all this extra attention to the given engineering design
context not be too costly? Will not the cheaper proposal that meets the
specifications be the one selected? We think not. Here’s why. Certainly
the extra measures that focal engineering employs will cost more up front.
But since we are a small company we have fewer CEOs, and the salary
differential between labor and management is smaller for us. The April
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14, 2003, issue of Fortune featured a story about the paychecks of cor-
porate CEOs who pay themselves on average $7,4 52 per hour. Jim High-
tower was incensed by this corporate greed. As he put it:

These Thieves in Guccis are grabbing all they can for themselves
at a time when their corporate performance stinks, shareholders
are being stiffed, millions of workers are being dumped, pen-
sioners are ripped off, unemployment is skyrocketing, college
graduates are trading mortarboards for hairnets, and the general
economy is rolling into a ditch. The stickiest-fingered Iraqi looter
with a big cart and two mules has better ethics than our current
corporate crowd.®

If we focal engineers have to compete with corporations with CEOs like
this, we can afford to spend a bit more on the engineering process and
still end up spending less overall than they do.

Another example concerns the possibility of focal agricultural engi-
neering. Agricultural engineering uses scientific principles to design, test,
and develop systems and equipment that deal with natural resources like
water, soil, and energy for the production and processing of food, fiber,
and feed. The efforts of agricultural engineering can be applied locally or
globally. Most of this effort these days is at the global level. Most agri-
cultural engineers seek employment with multinational corporations,
which seek to feed the world by advancing efficiency and productivity of
food, fiber, and feed products. Focal agricultural engineering tends to be
local rather than global, but its overall aim is the same: to feed hungry
people. Genetically modified (Gm) food is becoming the silver bullet for
many of the giant global corporations. The questioning of M foods is
expanding at the local level and goes hand-in-hand with promotion of
local agriculture, which can benefit from the employment of focal agri-
cultural engineering procedures. At the local level, farmers are going bank-
rupt—and this is true all around the world, not just in the United States—
and rural life and local ecosystems are in decline, while the global food
business is booming. The benefactors are a handful of giant agribusinesses,
which focus mainly on bottom-line profits and ignore risks to human

8. Jim Hightower, Hightower Lowdown, June 2003, http://www.hightowerlowdown

.org/.
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health from chemical residues in global foods. The global food system con-
sumes a major share of earth’s resources and leaves in its wake a major
amount of soil, air, and water pollution. And the expense of transport is
an additional cost the consumer bears. The short-term gains that agri-
business accumulates are apparently grand enough to offset the long-term
disasters waiting to happen, if indeed agribusiness even considers long-
term consequences.

The turn from global to local agriculture is commendable. One obvi-
ous advantage is the lower transport costs. Shipping food a mile or two
does not compare with shipping it a thousand. Local focal engineers seek
to construct sustainable growing systems that leave the land in good shape
for future generations. Organic farming is more labor intensive but it
produces a product that resonates with the world of the consumer.

A prime example of local agriculture is a technique called permacul-
ture. The focal engineering aspect of permaculture is located in the design
and planning stages. As Bill Mollison tells us: “Permaculture is a design
system for creating sustainable human environments.”® It focuses on
elements like animals, communications, plants, water, energy, and build-
ings. But permaculture is not about such elements per se, but rather about
the relationships that are possible among them by virtue of how we place
them in the landscape. A key idea here is to look at plants and animals
in their total functionality. The inputs to one element come from the out-
puts of another. The needs of the system are met from within the system,
unlike in the case of modern agriculture, which depends largely on exter-
nal sources. Permaculture stresses diversity in crops, plants, trees, and
animals. That diversity provides stability and helps us to prepare for envi-
ronmental or social change. Permaculture also stresses small-scale, energy-
efficient systems, which are intensive in that each element performs many
functions and each important function is supported by many elements.
Relative location is crucial. “To enable a design component (pond, wood-
lot, garden, windbreak, etc.) to function efficiently, we must put it in the
right place.”'® Permaculture aims to rekindle the life of place in place of
the soulless and abstract space modern engineering is typically thought
in terms of.

9. Bill Mollison, with Reny Maislay, Introduction to Permaculture (Tyalgum, N.S.W.,
Australia: Tagari Publications, 1991), 1.
10. Ibid., 5.



202 PART III: THE FOCAL ENGINEERING VENTURE

What focal engineering seeks is an emphasis on local engagements,
not as a replacement for global involvements, but rather as a complement
to them. When engineering the movable walkway, for instance, we still
use materials from our warehouses that are standards on the market and
come from global sources. Some things are just not conveniently available
locally, and we need to maintain that local/global balance. Within the tra-
ditional engineering endeavor, the local/global distinction was never a real
issue. Within late modern engineering, the global aspect began to domi-
nate. The focal engineering venture, stressing local involvements, in the
context of the whole, seeks to provide answers to the question of balance.

THE ENGINEERED

I will assume that the focally engineered product has met all the require-
ments of the material ethics assessment and that the product contributes
to harmonious life-events in a convivial society. What does the focal prod-
uct denote or connote from a broader perspective? My contention is that
the focal product is instrumental in balancing the forces of contextual-
ization and colonization. Both forces have been extant to varying degrees
throughout history. Contextualization is the effect that decisions made in
the lifeworld have upon the engineering project. Colonization is the impact
that the engineering project has on the human lifeworld.

I discussed triple colonization and colonization in general in Chapter 3.
Technological systems are colonized by the modern engineering enter-
prise, systems by technological systems, and lifeworld by the realm of
systems. Or, more directly, as is often the case, the engineering project
colonizes the lifeworld directly.

Since colonization involves a process of decontextualization, if a bal-
ance is sought, then a contextualization is called for as a countermeasure.
I should perhaps think of a reanimation of contextualization, rather than
a re-creation of it, because contextualization has always been part and
parcel of the engineering project, waxing in the premodern era, waning
in the modern era. In contemporary times, if we seek to evolve a focal
engineering practice, we will need to reestablish the connective linkages
that constitute a healthy contextualization. Pure colonization would leave
us suspended in an abstract, reductive, isolated —albeit efficient and pro-
ductive—space. But pure colonization is never really possible, since some
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amount of contextualization is always already fleshing out the colonized
and functionalized lifeworld.

Andrew Feenberg has proposed what he calls a Primary and a Second-
ary Instrumentalization.'! The primary instrumentalization, associated
with functionalization and colonization, involves the moments of decon-
textualization wherein the engineered product or the constitutive elements
thereof are separated from their context; reduction wherein the primary
qualities of the engineered product are separated from their secondary
qualities; autonomization wherein the engineer or end user of the engi-
neered product is separated from the product itself; and positioning
wherein the subject situates itself strategically.'? All these processes involve
disconnection, separation, or taking apart. They are part and parcel of the
general methodology of modern technoscientific activity, and they con-
tribute to the colonization brought about by the impact of the modern
engineering enterprise upon its lifeworld.

Still, acting in various ways as agents of their own interests, humans
in the lifeworld are not generally just passive consumers. Only a philos-
ophy of pure technological determinism would view the triple coloniza-
tion process as a fait accompli. Social constructionists are champions of
the secondary instrumentalization. They maintain that while the moments
of the primary instrumentalization are enacted to varying degrees, there
are also, often simultaneously, a series of contextualizing counter moments
associated with the realization of any engineered product in its tangible
human setting. Among the secondary instrumentalizations are the moments
of concretization wherein synergisms are discovered between technolo-
gies and their various environments, vocation wherein humans bodily en-
gage with their craft in a context of community, mediation wherein the
ethical and aesthetic dimensions are brought more directly to bear on
technical processes, and initiative or collegiality wherein the positioning
process is collared to some degree as humans cooperatively appropriate
available technologies.!?

What might it mean that elements of the primary instrumentalization
contribute to the colonization of the lifeworld by separating natural objects
from their contexts, that is to say, by de-worlding them and reducing them
to their primary qualities? Silicon, for example, is separated from the sand

11. See Feenberg, Questioning Technology.
12. Ibid., 203-5.
13. Ibid., 205-7.
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in which it is found, then it is refined so that its conductivity is optimized.
The silicon goes into the latest chip design. The chip becomes a micro-
processor that serves as a controller for an assembly-line robot. Then the
resulting electronic robot is programmed by an autonomous subject, eat-
ing donuts perhaps in a remotely situated control room. He controls the
robot by optimally positioning himself with respect to the laws of mech-
anics that govern the robot’s movements. The four moments of decon-
textualization, reductionism, autonomization, and positioning result in
a robot adding value to an assembly line, making it more productive and
efficient.

Robot, then, impacts the assembly line and transforms social relations.
The wonders of our technological society must of course be celebrated.
They lighten our loads in many ways. However, if only technological val-
ues dictate the shape of culture, then technological determinism can be
said to prevail and the lifeworld will become narrowed and predictable,
mechanized and monotonous. The effect of an engineered device impact-
ing society can be compared to an open-loop control system. A setting,
say, on an automatic clothes dryer is fixed at thirty minutes. After that time
the machine automatically turns off. The clothes though may still be
damp, or they may be scorched. Feedback would normally improve such
a situation. In another feedback control system, for example, a thermostat-
controlled central heating system, the actual temperature is sensed and
turns the heater on or off in response to how close the actual tempera-
ture comes to the desired reference temperature. The secondary instru-
mentalization acts like a closing of the loop in a feedback control system,
and social constructionism is its appropriate philosophy. The actual device
of the robot must be combined with and connected to other elements of
the overall system. The assembly line, the maintenance crew, the pro-
grammers, the products produced on the assembly line, these are all part
of the system within which the robot is embedded. Ethical and aesthetic
mediations provide our robot “with new secondary qualities that seam-
lessly embed it in its new social context.”'* Such mediations are contex-
tualizing and act as counters to the reductionism inherent in the primary
instrumentalization. The engineers who designed and produced the robot,
as well as the end-users who take up with it, are not isolated subjects but
counter the autonomization of the primary instrumentalization by working

14. Ibid., 206.
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within the lifeworld traditions and practices that define their jobs, careers,
or vocations. Employing various forms of initiative, end-users and engi-
neers can invoke context that fleshes out their being-together and can lead
to friendships and collegiality.

The four moments of initiative, vocation, mediation, and systematiza-
tion integrate the robot into the lifeworld of involvements where its real-
ization is contextualized. The engineered products that impact the lifeworld
with their functionality are realized and these realizations are evaluated —
this is where ethical assessments could occur within a conversation of the
lifeworld—and feedback could be sent to the engineering project from
the lifeworld, which may result in changes in the methods of design or
modes of manufacturing. Ethical assessment could also take place in a more
formal setting, for example, within a Danish Consensus Conference where
the robot might be evaluated in terms of its service to the Good, how well
it enhances quality of life and contributes to a more harmonious life of
engagement, enlivenment, and resonance. In any event, lifeworld contex-
tualizes the engineering project even as the engineering project impacts
lifeworld.

Now, it is true that, via consumer attitude surveys and marketability
studies, the modern engineering enterprise is influenced by the conversa-
tion of the lifeworld, the secondary instrumentalization is enacted, and
the loop is closed to some degree. But within the modern engineering
enterprise forces of contextualization are generally weak. To achieve a
more authentic circle of mutual interpretation and dialogue between the
engineering project and the lifeworld, to effect a balance, something like
a shift from modern engineering to focal engineering is required.

Focal engineering incorporates the know-how of premodern engineer-
ing and the know-what stressed in modern engineering into an attitude
that seeks to also know why. Focal engineering is inherently contextual-
izing because why questions point into context and bring context to bear
on the multiple stages of the engineering enterprise. Focal engineering
focuses on the public role of the practicing engineer. Public policy is made
in the lifeworld, and the focal engineer plays an active role in the process
of making policy about technological advances. Public policy, within the
public arena, entails making decisions that encourage or request, and
sometimes demand, that the engineering enterprise bring forth products
that at least do no harm and ideally contribute to the common good of
people in the lifeworld. Focal engineering pursues this ideal. It strives to
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bring into the world products that enliven and embellish the patterns of
human life-events and eventful things populating an engaging lifeworld.

The product is the engineered. What about this focally engineered prod-
uct? How does one gauge the good it is supposed to serve? The balance
of the social construction of engineered products and the shaping of soci-
ety by engineered products—contextualization and colonization—should
constitute the backdrop against which the traffic of the focal engineering
venture flows. A major issue here is that the ethics of the product, the
engineered, is typically left to the end-user. But an authentic public pol-
icy would insist upon a focal engineering that aims to design, manufac-
ture, and let loose upon the planet products that the end-user will find
inherently tuned toward serving the common good. That is, enlivening
and engaging products are human, sustainable, and of minimal risk. At
the very least, a clear, honest, noncoercive, public discourse will be required
for a genuine discussion about public policy and an enactment of an
assessment process with the requirement that the outcome must be good,
do good, or contribute to the good, within the context of the end user’s
involvements. Being in a lifeworld means being bound up with patterns
of human life-events, with social and political contingencies.

THE FULCRUM

Focal engineering, then, effects a balance of the forces of colonization
and contextualization. What might constitute the fulcrum for the balance
that focal engineering promotes?

If we all shared a common religious belief or spiritual practice, that
would do it. But we don’t. We are a pluralistic society. Heterogeneity
reigns. As a focal fulcrum, I propose the Good. Although ten people might
have ten different notions of the nature of the Good, the conversation of
the lifeworld could open up whatever common ground comes to light.

The Good is the ground, the foundation, upon which the edifice of the
focal engineering venture is based. The Good is what the Greeks called
the hypokeimenon—the foundation underlying all things. From it springs
all that is worth having. The Good is the fulcrum, the point of balance,
which is not just the origin but also the goal. It is for the sake of the
Good that the focal engineer engineers the focally engineered product. For
focal engineers to be good engineers, I suggested that they needed to be
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not only technically proficient but also practitioners of the virtues of fair-
ness, honesty, and care. For the focal engineering process to be good, it
needs to be aimed at the values of social justice, environmental sustain-
ability, and health and safety. For the focally engineered product to be
good, it needs to pay homage to values of engagement, enlivenment, and
resonance. Again, the diversity of interpretations involved in these values
calls for conversations, debates, negotiations. If all this transpires, and the
conversations prove to be fruitful, then the Good is served. The result will
be good products that contribute to the good life in a convivial society.

How do we get to be worthy people leading good lives who have the
propensity to employ focal products in the service of a convivial society?
About the good life, Aristotle said its highest goal is happiness. But the
Greek word for what we translate as happiness, exdainonia, meant some-
thing a little different to the Greeks. As Charles Guignon tells us:

Where we usually think of happiness as a good feeling accom-
panying some activity or state, similar to pleasure, the Greeks
regarded the feeling as only part of what constitutes happiness.
For them, eudaimonia refers primarily to what Aristotle calls
“living well and doing well,” that is, living a life that is satisfy-
ing and worthwhile because it is full, abundant, and deserving
of praise. This is why eudaimonia is often translated as “flour-
ishing” or “thriving.” What is at issue in this conception of hap-
piness is not how one happens to feel at any moment, but the
quality of one’s life as a whole, with all its ties to the social world
in which it unfolds.'s

The good life is the life in pursuit of the good life. Ends and means are
one, not two.

Charles Guignon believes that Aristotle’s conception of the good life
entailing character-building and acting in accord with virtues has had a
deep and lasting impact on Western thought.'® Though many believe, for
example, that the practice of the virtue of love is necessary and sufficient
for the good life, we cannot deny the technological nature of contempo-
rary society and the fact that engineered products have saturated our

15. Charles Guignon, ed., The Good Life (Indianapolis, Ind.: Hackett, 1999), 22.
16. Ibid., 23.
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world. In light of this and to augment the virtuous life, I contend that we
also need the focal products that the focal engineering venture brings
forth. They will augment and help, as Borgmann says, “to circumscribe
a commonwealth of the good life.”!”

I have already indicated the kind of virtues that would be of benefit to
the practicing focal engineer. This speaks of the person as engineer. What
about the engineer as person? How to lead a good life is the question.
What kind of character should citizens, including focal engineers, as end
users of all kinds of engineered products, be in possession of in order to
be worthy of taking up the task of determining the nature of the good
life? That includes the determination of the focalness of engineered prod-
ucts. A minimal requirement would be a sound moral character. Of course,
again, the heterogeneity of typical social life indicates a wealth of practices
and positions that could be deemed appropriate and could be illustrated
in narratives, stories, and conversations. The role of engineered products
within these various practices and positions is also an important inquiry.

One interesting portrait of the good life comes from Richard Gula, a
professor of moral theology. Because living the good life means living as
a friend of what one considers a higher spiritual being or force, the moral
and spiritual life must come together. The point of convergence is mani-
fested in a person’s character and virtue. Friendship is crucial. Even if
God or gods are not part of one’s spiritual path, we need to recognize a
connection to something greater than ourselves, a higher power, or at
least a whole of which we are a part, a One that contains the Many. Also,
we need to connect to other people; and if we connect by establishing
friendships, that, says Gula, is ideal. The good life is not about living in
a world separate from ordinary life, but rather about living immersed in
a life hopefully enriched by focally engineered products. The good life,
as Gula maintains, is a life that we can live within the very activities and
responsibilities that fill our days. The quest for the good life is about liv-
ing virtuously in connection with others.!®

In light of our connection to each other and to a higher source, we are
both sacred and social beings. As sacred beings, we have dignity beyond
our achievements. It is both a gift and a responsibility. As social beings,
we live the good life by giving freely what we have received freely in

17. Borgmann, “Reply to My Critics,” 366.
18. Richard M. Gula, The Good Life (New York: Paulist Press, 1999), 120-22.
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order to create a community wherein everyone can flourish. Then Gula
proceeds to recommend a set of virtues the practice of which will lead to
the good life in a convivial society. Humility is one. It is a virtue that means
we are realistic in trying to create a community where our sisters and broth-
ers can gather. Such a community is characterized by equality, mutuality,
and reciprocal giving and receiving for the sake of the well-being of all."®
Gratitude is another virtue which entails giving what we can and only
taking what is given. Self-esteem entails accepting and enjoying the bless-
ings that befall us. Justice is a balancing kind of virtue in its own right
which “reaches out to include those who can easily be forgotten—the
lost, the least, the last.” Other virtues Gula recommends include soli-
darity, fidelity, trust, hope and forgiveness. Forgiveness, for example, “is
the virtue that makes it possible for us to live with one another without
letting revenge and violence dominate our life together.”?°

Gula mentions one other virtue that ties all the others together. Hos-
pitality. “It is the practice of paying attention to what is going on around
us and then creating a welcoming space where we can experience new
bonds of communion and live with all who are willing to put their gifts
at the service of everyone else.”?! This may sound a bit too much like
socialism or a Catholic religious community for the likes of some. But I
think the idea here is that we must recognize and welcome our ties to the
world and we must set up channels of communication that effectively allow
us to interact with regard to issues of general concern, and that includes
the discussion about the appropriateness or inappropriateness of partic-
ular engineered products. The conversation of the lifeworld needs to be
made a part of our human involvement. As Vincent Miceli puts it in his
book about the philosophy of Gabriel Marcel: “The thrust toward com-
munication, communion and community represents a necessary facet of
the interpersonal dialectic of the human situation.”??

Jacques Derrida has a lot to say about hospitality. He speaks of the law
of hospitality, which insists that the new arrival, the foreigner, the stranger,
be offered an unconditional welcome. We ought to be yea-sayers and not
yes-men, to welcome whomever or whatever might show up, as Derrida

19. Ibid., 125.

20. Ibid., 126.

21. Ibid., 126-27.

22. Vincent P. Miceli, Ascent to Being: Gabriel Marcel’s Philosophy of Communion (New
York: Desclee, 1965), 175.
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insists “before any determination, before any anticipation, before any iden-
tification, whether or not it has to do with a foreigner, an immigrant, an
invited guest, or an unexpected visitor, whether or not the new arrival is
the citizen of another country, a human, an animal, or divine creature, a
living or dead thing, male or female.”?3

Being-for the other is Levinas’s expression for what it means to be con-
vivial. Love your neighbor as yourself is what the New Testament says.
Love is all you need said The Beatles. Iris Murdoch had a resonant take
on the idea of the Good. She had discussed the indefinability of the idea
of the Good, but thought there was something that could be said about
it, something it had a relation to:

Philosophers have often tried to discern such a relationship: Free-
dom, Reason, Happiness, Courage, History have recently been
tried in the role. I do not find any of these candidates convinc-
ing. They seem to represent in each case the philosopher’s admi-
ration for some specialized aspect of human conduct which is
much less than the whole of excellence and sometimes dubious
in itself. I want to speak of what is perhaps the most obvious as
well as the most ancient and traditional claimant, though one
which is rarely mentioned by our contemporary philosophers, and
that is Love.?*

Murdoch did not want to conflate the Good and Love. The Good, she
maintained, “is the magnetic centre toward which love naturally moves.”
Like Eros from Plato’s Symposium, Love is capable of infinite degrada-
tion, “but when it is even partially refined it is the energy and passion of
the soul in search for The Good, the force that joins us to Good and joins
us to the world through The Good. Its existence is the unmistakable sign
that we are spiritual creatures, attracted by excellence and made for The
Good. It is a reflection of the warmth and light of the sun.”?

The fulcrum, then, which T am naming the Good provides the foun-
dation, the ground, for the balance of focal engineering. But the Good is
also the aim, the goal, of the focal engineering venture. As ground we can

23. Jacques Derrida with Anne Dufourmantelle, Of Hospitality, trans. Rachel Bowlby
(Stanford: Stanford University Press, 2000), 77.

24. Tris Murdoch, The Sovereignty of Good (London: Routledge & Kegan Paul, 1970), 99.

25. Ibid., 100.
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perhaps view the Good as that which is attainable by the practice of the
virtues, particularly, hospitality. As goal we can perhaps view the Good
as inspiring the Love that aspires to the realm of the ideas, the home of
the Good. Perhaps. But all these speculations might only raise more ques-
tions, issues for the conversation of the lifeworld to struggle with.

CONCLUSIONS

I have presented three kinds of ethics for three kinds of engineering. The
premodern engineer practices the virtues suggested by virtue ethics. Mod-
ern engineering is guided by process ethics. The products of focal engi-
neering are assessed by material ethics. Within the premodern engineering
endeavor, engineer, engineering, engineered, and context were intimately
bound up with each other. The project was a contextualized affair. Then
as we shifted into the modern engineering enterprise, context became less
crucial, and functionalization and colonization became the primary phe-
nomena associated with the impact of engineering on the human lifeworld.
In contemporary times the colonization process is continuing with a busi-
ness as usual attitude as hypermodernism begins its reign, taking over
from modernism but with refined and intensified procedures. Focal engi-
neering is my suggestion for a way to implement what Borgmann calls
postmodern realism, an alternative to hypermodern reality. Within the
engineering of focal reality, the goal is to let loose upon the planet only
those products that enliven, engage, and resonate. By recognizing and
developing our common ground through conversations surrounding focal
engineering, then seeing how we can affect the engineering project through
our collective actions, we are able to amplify the forces of contextual-
ization relevant to the engineering project. The result: a balance between
the forces of colonization and contextualization.

It takes acting in the service of the Good to retain and maintain this
balance. Hospitality in our everyday lives as well as being-for each other
in the variety of ways it is done daily, solidify our connection to the Good
and to each other as well. This web of association and relationship holds
us up to feel the warmth and see the light of the sun.



INDEX

Abu Lulua, 111

accord, 172~73, 192
affluence, 170

Africa, 63

aircraft, 37, 157
Alexander, C., 171
ambiguity, 92, 184, 196
ambivalence, 84, 196
analysis, 14

Annas, J., 119, 122, T25 n. 22
Appropriate Technology, 9
architect, 92-93, 171
architectus, 92, 96
architekton, 92
Aristotle, 98, 120, 207
Arnold, M., 165
Artificial Intelligence, 30
assessment, 125, 183
Athens, 97

authenticity, 105
autonomy, 3941, 43

Bacon, E, 19, 22-23, 28

Barry, R. L., 131, 138

Bauman, Z., 121, 124, 125 n. 21, 132, 134

Beatles, 210

Befindlichkeit, 107, 193—95

being, 6
being-toward, 124, 140, 152
being-with, 124, 140, 152, 168
being-for, 124, 132-33, 140, 152, 168

benefactor, 99

Bentham, J., 16, 52

Berman, M., 19—20

Berry, W., 68

Bertram, E., 58

Billington, 4

biodiversity, 70

Blackburn, S., 5o0-51

Boisjoly, R., 131, 137

Borgmann, A., 1, 3, 17, 78, 82, 100 n. 28,
1§51, 165 n. 2, 170-71, 179, 182,
201, 208

Brindley, J., 1ot

Brook, R., 176-77

Broome, T. H., 15

Brundtland Report, 67

Buber, M., 145, 153 n. 22

builders, 98

bureaucracy, 84

Caliph Omar, 111

capitalism, §8-60, 91, 196

Caputo, J., 104

care, 125, 132-35, 139—40

Categorical Imperative, 16, 50-51

cathedral, 13, 110, 113

Catholic, 1053, 209

cement, 98

Chalk, R., 49 n.13

Challenger, 131, 137

Channell, D., E, 28

character, 52, 92, T01-2, 106, T13-16,
121, 136

Charlemagne, 17-18

Cheyenne, 188

colonization, 8, 9, 13, 75-86, 110, 113,
154, 202

Colossus of Rhodes, 97

Columbus, C., 18-19

Comanches, 188

commitment, 39—41, 43

commodity, 171

communicative action, 150, 154

communion, 146

concupiscence, 105



INDEX

Concurrent Engineering, 143

consensus conference, 184-88, 190, 199,
205-6

consequentialism, 44, 118, 182

consumption, 109, 170

contextualization, 9, 75, 77, 8§0-82,
84-85, 141-59, 202, 206

conversation of the lifeworld, 71-72,
138-39, 146, 150, 166—69, 180-81

Copernicus, N., 18-19

courage, 126, I35

courtyard, 171-72

Cowan, R. S., 156 n. 26

cruise missile, 115

cultural imperialism, 62

Curtin, D., 134

Dasein, 104

da Vinci, L., 19, 2122
Davison, A., 67-68

de Camp, L. S, 91 n. 1, 96
democracy, 97
deontology, 44, 51
Derrida, J., 209-10
Descartes, R., 19, 23
design, 27, 32-39
determinism, 203
devices, 172—73

Dewey, J., 113, 117, 119
disburdenment, 1, 163
disclosure, 146
disenchantment, 94
disengagement, 1
disposition, 104, 193
Dorn, H., 94 n. 8, 95, 98
Dreyfus, H. L., 7 n. 8, 133 n. 40, 146—47
Dreyfus, S. E., 133 n. 40
Dyson, E, 63-64

Earth Day, 69

effectiveness, 89

efficacy, 35

efficiency, 5, 8, 35, 75-76, 79, 89, 971,
141, 177

Eldred, M., 100 n. 26

Emerson, R. W., 101, 106

engagement, 3, 124, 179, 183-85, 190, 207

enlivenment, 3, 179, 183-85, 190, 297

environmentalism, 43

EPA, 43, 67, 199

Ephesians, 129

ethics, 12

codes of, 17, 41, 44, 47, 116, 128

213

material, 6, To0, 179-90
process, 6, 9, 16, 76, 116, 180
virtue, 6, 9, 116, 125, 180

ethos, 102-3, 106, T15-16, 118, 120, 123

eudaimonia, 119, 207

Europe, 185

Evan, W. M., 47

excellence, 122

existentiales, 194

experiment, 98

exploitation, 61

fairness. See objectivity

fallenness, 104

Feenberg, A., 9, 84-85, 135, 146, 155,
157-58, 192

Feezell, R., 123 n. 17

Felsenstein, L., 64

fetishism, 170

Finch, J. K., 107

Fisher, M., 62-63

Flores, F.,, 148

Florman, S., 33, 48—49, 111-12

Forbes, R. J., 91 n. 1, 98, 108

Foster, J. B., 196

Foster, K. R., 164 n. 1

Franklin, B., 129

Friedman, T., 196

friendship, 208

fruitfulness, 89

FTAA, 198

fulcrum, 206, 210

functionality, 93

Galileo, 19, 24-25
Garrison, E., 95
Gasparski, W., 36
Gelven, M., 194
Gemeinschaft, 26, 117-18, 130-31, 197
Gesellschaft, 26, 117-18, 130-31, 197
Gilligan, C., 133-34
Ginder, S., 59-60
Glegg, G. L., 36,37 n. 50
globalization, 196-97
GM foods, 67-71, 186, 200
Golden Gate, 3, 171
Goldman, S., 15, 165
Good, the, 179, 181-82, 206-7, 210-11
goods
Internal, 122-25, 137
External, 122-25, 137
Gormley, D., 57-58
government, 83-85



Grundehl, J., 185 n. 6
Guignon, C., 207
Gula, R., 208-9

Habermas, J., 8, 75, 81, 146—47, 150,

152-53, 197
HallL E. T., 141—42
happiness, 119, 207
harmony, 172, 177
Harris, C., 40, 55, 131
Hartmann, K., 146 n. 9, 150
Harvey, D., 57, 61, 66, 73
Haworth, L., 126-27

HCI, 173-74, 179

health and safety, 5, 44, 54, 71-72, 82,

86, 163, 207
Hegel, G. W. F,, 116-17

Heidegger, M., 85, 99, 103~7, 14749,

154 0. 23
Heisenberg, W., 34
hermeneutics, 194

Hero of Alexandria, 110
heuristics, 9o
Hightower, J., 200
Hissey, T., 112

home power, 2

honesty, 42, 125, 129-32, 139—40

hospitality, 10, 209-11
Hoover, H., 97

Hughes, T. P, 100 n. 27
Hughson, R. V., 118 n. 8
Husserl, E., 147, 149
hypermodernism, 8285
hyperreality, 82
hypokeimenon, 206

IEEE, 46, §3, 112
Thde, Don, 195
Imhotep, 95
individualism, 25
Ineni, 95
Instrumentalization
Primary, 9, 203
Secondary, 9, 203
Internet, 164, 166, 168-69
Intranet, 164—66, 168
intuition, 9o
iron cage, 84

Jarvie, I. C., 35
Jhai, 65

Johnston, S., 174
Jones, W. T., 23-25

INDEX

justice, 73
environmental, 73, 82
social, 5, 44, 54, 56-65, 71-73, 86,
163, 177, 207

Kanta I'a 16’ 44, 50—-51, 57, 117, 129, 133,
194

Keenan, J. E, 121 n. 13

Klein, S., 114

Klemm, F, 22, 91 n.1, 110

Kohn, P. M., 118 n. 8

Kupperman, J., 120

Ladd, J., 4748, 56

Lambert, T., 81

land mines, 47

Laplace, 27, 34

Latour, B., 8o, 156 n. 25

Layton, E. T., 30, 32, 40, 45

Lee, A., 174

Leinhard, J., 20 n. 13, 21

Levinas, E., 132-34, 210

Lévi-Strauss, C., 99 n. 24

Lichter, B., 26-27

lifeworld, 7-9, 41-43, 75, 78, T145-52,
157-58, 173-74, 181, 204, 206

Locke, J., 19, 25, 60

Lou Gehrig’s disease, 192

Lowrance, W. W, 55

Luegenbiehl, H., 50, 71

Luther, M., 18-19

Maclntyre, Alasdair, 120, 122, 126, 129
macro, 6, 78
Marcel, G., 209
Margetts, H., 83, 85
marginalization, 62
Mayeroff, M., 134-35
McClellan, J. E., 94 n. 8, 95, 98
McGregor, H., 174
McKibben, B., 169
media
qualitative, 8
quantitative, 8
meme, 96
methodology, 13, 89-90, 180
Miceli, V., 209
micro, 6, 78
Mill, J. S., 16, 52
mind
rational, 68
sympathetic, 68
Mira, T. J., 78



INDEX

Mitcham, C., 4-5, 28, 34-35, 37, 81, 92,
93
Mollison, B., 201
monoculture, 70
Moralitit, 117-19, 121, 140, 182
morality, 121
customary, I14-15
reflective, 114
Munzel, G. F, 51
Montesquieu, 59
Morton-Thiokol, 131, 137
mosque, 110
Mumford, L., 76
Murdoch, 1., 210

NAFTA, 196
nanotechnology, 9
Nardi, B., 181

NASA, T32

New Atlantis, 22
Nietzsche, E, 129, 194
Noddings, N., 133-34

objectivity, §, 42, 125-28, 130, 139—40,
207

obligation, 39—41, 43

O’Day, V., 181

Olderquist, A., 49

Oppenheimer, J. R., 124

OSHA, §5-56

Pacey, A., 91 n. 1

Parsons, T., 8

Parthenon, 90, 97

pattern, 4, 172

permaculture, 201

Perrucci, R., 39, 43

Pharaoh Netjerikhet, 95

phosgene, 53

phronesis, 120, 12930, 136—37, 140,
169, 17374

Piercey, R., 116, 117 n. 4

Pincoff, E., 126

Plato, 98, 114, 210

Polanyi, M., 29

Pollio, M. V., 99

Potter, ]J. H., 30

Postmann, N., 76

powerlessness, 62

practice, 12225

Pratt, C. A., 46

praxiology, 16

precautionary principle, 164

215

present-at-hand, 147, 152, 156

Prior, W. J., 120

Pritchard, M., 40, 55, 131

productivity, 5, 8, 75-76, 79, 89, 91, 141

professionalism, 10, 27, 42, 44—46, 61,
128

projection, 104, 193

Pursell, C. W., 91 n. 1

Putnam, R. D., 165

pyramid, 13, 94-96

quality of life, 169—70

Rabins, M., 40, 55, 131

Rae, J.,, 91 n. 1, 92

railroad, 156

Rankine, W. J. M., 28

rationalization, 84

Rawls, J., 56-57

ready-to-hand, 147, 156

Reagan, R., 175

recycling, 68—69

Renaissance, 18, 33, 174

Rennie, J., 91 n. 1, 92

resonance, 3, 179, 183-85, 190, 207

resource, 93, 100

responsibility, 45, 48-49, 92, 121, 124,
128, 132

RFID, 71-72, 138-39, 184

Ricoeur, P, 117, 119

risk, 55

Rist, J., 118

Robins, J., 132 n. 37

Rogers, T. J., 57

Rogers, T. T., 47, 49

Sakaiya, T., 17-18, 108-9
San Francisco Chronicle, 62
Sargent, R. G., 46
Schlossberg, E., 168
Schopenhauer, A., 194
Schor, J., 169—70

Schutz, A., 149

SDI, 175§

Seebauer, E. G., 131, 138
Sharpe, K., 58

Shiva, V., 70

Silicon Valley, 53, 90, 115
Simon, H. A., 38

Simpson, L. C., 144, 150
Sinclair, G., 39

Sittlichkeit, 116-19, 140, 182
Skolimowski, H., 35



Slone, T. S., 146 n. 8
Slowter, E., 49
Smeaton, J., 30
Smiles, S., Too-101
social capital, 165
speed bumps, 185
Spinosa, C., 149
stability, 172, 177
St. Augustine, 135
steam engine, 76
Stevens, J. E., 62
St. Francis of Assisi, 109
Structures, 171-73
St. Thomas, 135
substance, 23
Supreme Court, 185
surveillance, 85
sustainability
cultural, 68—69

216

INDEX

environmental, 5, 44, 54, 65-73, 82,

86, 163, 207
technocratic, 68—69
Symposium, 210
synthesis, 14
system, 7, 75, 78, I51-55
a priori, 156
a posteriori, 156

tabula rasa, 23

Talbott, S. L., 167 n. 6, 168
technological systems, 7, 78, 155-57
technocracy, 76-77
technopoly, 76-77
technoscience, 44, 79-80, 115
telephone, 2

Telford, T., 101

telos, 119, 180
thermodynamics, 15, 31
Thevenin, L. C., 29
Thompson, A., 131

Thorn, L., 64

Tonnies, E, 117, 130
Trewavas, A. J., 69, 70 n. 61
Trianosky, G., 113

Unger, S., 49

United Nations, 62, 67

utilitarianism, 16, 44, 52, 59, 93, 182
act, 52-53
rule, 52, 54

Verbeek, P. P., 195
Verstehen, 107, 193-95
Vietnam War, 114
Vincente, K., 179
Vincenti, W. G., 37-38
violence, 62

virtues, 121-22, 125, 128
volition, §

Volti, R., 91 n. 1, 92

waterwheel, 111
wealth, 170
Weber, M., 84, 94
welfare, 54
whatness, 13
whistle-blowing, 40
Whitehead, A. N., 34
Wilber, K., 174-75
Wilson, J. Q., 126
windmills, 1ro-11
Winner, L., 6 n. 7, 167-68, 176-77,
190
wood-burning stove, 3
Woodson, T. T., 36

Yellowstone National Park, 8o
Young, I. M., 61

Zaharma, R. S., 142
Zeitgeist, 107
Zimmerman, M., 70



“This genuinely original book contributes significantly to contemporary
efforts to rethink the human-made world through an extended
engagement with the philosophical examinations of technology found
in the work of Albert Borgmann, Hubert Dreyfus, Andrew Feenberg,
Jirgen Habermas, and others. It constitutes a thoughtful, reflective
engineer’s effort to deepen engineering and engineering education
discussion in ways that go beyond apology or promotion. It will be of
value not only to those in engineering, engineering studies, and the
philosophy of technology, but to historians of technology, to science
and technology studies scholars, and to any informed citizen concerned
about the future shape and character of our technoscientific world.

I recommend it for all of us.”
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