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DAMS

Dams, barriers to alter flowing bodies of water, are
among the most ancient and powerful examples of the
proclivity of humans to alter nature for their own bene-
fit. (Dams are also a type of construction shared with
other animals, that is, beavers.) Before the advent of
written history, dams were already being built to provide
water storage and irrigation. An earthen dam in the
Orontes Valley in Syria was ancient when visited by
the Greek geographer Strabo around the beginning of
the Common Era. The oldest large dam of which traces
survive today is at Sadd-el-Kafara, near Cairo. Ninety-
eight meters long, there are indications that it was
intended to stand 125 meters high. It is estimated that
this structure was built around 2500 B.C.E.

Dam Engineering

Despite their ubiquity and importance, dams are a step-
child of traditional engineering. Premodern treatises on
construction such as Vitruvius’s De architectura (first
century B.C.E.) do not mention dams, although Roman
dam achievements were not to be matched for 1,500
years. The scientific engineering of dams begins in the
1800s and was one of the early achievements of civil
engineering as it replaced trial-and-error intuition with
empirical rules of thumb for dam design.

In terms of function, dams primarily supply water
for irrigation or urban use, or serve as sources of power.
In conjunction with closely related structures called
dikes, dams may also protect from flooding and/or facili-
tate transportation by creating navigable bodies of water
such as canals.

In terms of design, dams are of two basic types:
earth- or rock-filled gravity embankment dams and
masonry or concrete dams. The former take the general
shape of a large-based equilateral triangle with sloping
embankments facing both upstream and downstream;
the latter have more the shape of a right-angle triangle
with a perpendicular upstream face and a sloping down-
stream face.

It was not until the mid-1800s that French engi-
neers designed the first dams using scientific procedures
to determine such issues as the slope of repose for
embankments. At the same time engineers began to
consider the geological structures on which various
types of dams might rest and to analyze the internal
stresses of masonry and concrete dams. Such analyses
promoted the design of arch dams, in which a vertical
upstream face is given a convex horizontal curve to help
transfer forces from the impounded water into the walls
of a canyon. The engineering of auxiliary structures such
as spillways, locks, and power conversion systems also
became part of dam design.

Progressive demands for water and power together
with advances in dam engineering led in the first half of
the twentieth century to what may be called the golden
age of dam construction. But the second half of the
twentieth century witnessed a technical reassessment of
dam engineering in terms of safety and ecology, social
and natural.

Dam Debates

For most of human history, dams were conceived and
built with an eye only to the task to be accomplished,
such as water storage, irrigation, or more recently,
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DAMS

Hoover Dam. Constructed in 1935, the dam holds back twelve
trillion gallons of water and generates enough hydroelectric power to
serve 1.3 million people. (© Corbis.)

promotion of tourism, and without much concern for
other implications, such as the impact on local popula-
tions or the environment. Of all major rivers in the
United States, only the Salmon and Yellowstone are
without dams. Half of the American wetlands that
existed in 1790 have been flooded and destroyed by dam
projects—up to 80 percent in river states such as Mis-
souri, where one-third of all the water in the Missouri
River is stored behind dams.

At the same time some experts argue that dams are
often inefficient mechanisms for water storage, spreading
water out over large areas in hot, dry desert climates where
it evaporates. As much as 8 percent of Colorado River
water may be lost to evaporation behind the Glen Canyon
Dam in northern Arizona. Dams, by promoting water use,
also contribute to the eventual depletion of aquifers.

In the modern world dams nevertheless continue to
be seen as important symbols of human domination of
the environment, sometimes outweighing all other
issues. China’s Three Gorges Dam, which will flood
thousands of acres of agricultural land and displace more

than one million people, is nevertheless viewed by the
Chinese government as a powerful symbol of mastery
and progress.

DAM SAFETY AND FAILURES. Like other huge, com-
plex human technology projects, dams can fail if ill-
designed or negligently maintained. The most famous
failure in the United States was that of the South Fork
Dam in Johnstown, Pennsylvania, in May 1889. Over
the years, successive owners of the dam made dangerous
modifications, eliminating outlet pipes, reducing its
height, and narrowing the spillway. During an unprece-
dented rainfall, the water rose 3 meters (10 feet) above
the usual lake level, breaking the dam and inundating
Johnstown, with the loss of almost 3,000 lives.

RELOCATING PEOPLE. Dam projects have often
involved the removal of the populations least able to
defend themselves politically. Most often the groups
forced to relocate are poor members of minority groups,
subsisting on small-scale agriculture.

In June 1957 Congress voted the creation of Kinzua
Dam in western New York, flooding half of a Seneca
Indian reservation. More than 500 Seneca were forcibly
moved in the dead of winter to trailer camps. Without
access to hunting grounds, and denied compensation for
their homes, these already poor individuals were,
according to the sociologist Joy A. Bilharz (1998), dri-
ven into greater poverty, which lasted for decades.

Organized political opposition to large dam projects
was pioneered in India, where in the late 1940s impor-
tant projects backed by the prime minister, Jawaharlal
Nehru, made little provision for the relocation of
affected villages. Large demonstrations and other oppo-
sition increased the costs unacceptably, causing the gov-
ernment to back away from some of these projects.

ENVIRONMENTAL CONCERNS. During the twentieth
century, the environmental movement advanced the
argument that natural beauty was a factor to be taken
into account in dam construction. John Muir led an
early campaign against the O’Shaughnessy Dam in
Yosemite National Park’s Hetch Hetchy Valley on the
grounds that it would destroy a unique environment.
Later came the related idea that wild species themselves
had interests worthy of protection, interests that might
be harmed by dam construction. Environmentalists
went to court to end construction of the Tellico Dam
on the Little Tennessee River, on the grounds that it
would destroy the remaining population of snail darters,
an endangered fish. In response, federal courts halted
construction of a dam already 80 percent completed. In
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DAOIST PERSPECTIVES

1978 the U.S. Supreme Court affirmed the court order
halting construction, stating that the Endangered Spe-
cies Act unambiguously bars projects that threaten the
continued existence of a listed species. Congress, how-
ever, later passed legislation exempting Tellico from the
Endangered Species Act, and the dam was completed.

Egypt’s Aswan High Dam has been argued to have
caused an environmental disaster, starving the Mediter-
ranean of nutrients, making croplands excessively salty,
and creating a reservoir in one of the highest evapora-
tion zones on Earth.

DAM REMOVALS. Because of changing views of the uti-
lity of dams and the relative importance of environmen-
tal considerations, more than 500 dam removal projects
were undertaken in the United States during the last
decades of the twentieth century. The first dam
removed for purely environmental reasons was the Qua-
ker Neck Dam on the Neuse River in North Carolina.
Built in 1952 to provide cooling water for a steam-dri-
ven electrical generating plant owned by Carolina
Power & Light Company, the dam prevented shad from
migrating upstream. The shad catch, 318,000 kilograms
(700,000 pounds) in 1951, was only 11,400 kilograms
(25,000 pounds) by 1996.

Carolina Power & Light was glad to get rid of Qua-
ker Neck. The dam was expensive to maintain and also
created litter and liability problems. Instead of the dam,
a canal between two channels of the river now provides
cooling water. More than 1,600 kilometers (1,000 miles)
of local rivers have since been reopened to fish.

As the political and psychological importance of
dams has faded and other considerations have come to
the fore, Americans have stopped building dams. Since
the mid-1970s, there has not been a single major dam
construction project commenced in the United States.

JONATHAN WALLACE

SEE ALSO Bridges; Environmental Ethics; Three Gorges
Dam; Water.
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DAOIST PERSPECTIVES

The word Daoism (or Taoism) was coined in the early
nineteenth century from the Chinese expression “dao
jiao teachings” (tao), which encompasses both the intel-
lectual activities and historical religious movements
that shaped the various and changing meanings of the
term Dao (or Tao), meaning, literally, “the Way.” Mod-
ern scholars have claimed that the term specifically
refers to Daoist schools or Daoist sects, though some
European Daoism scholars contend that this distinction
is unnecessary or even misleading. In contemporary aca-
demic circles the words religion and philosophy are inevi-
tably applied to Chinese traditions; one must remember,
however, that in the Chinese context these two words
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Daoism

[ Daoist ideas and practices most commonly
held, including Singapore (not shown)

[] small populations of adherents

[ slight population to no adherents
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diverge from their Western usages. Nevertheless, Dao-
ism has suggestive importance as a perspective on
science, technology, and ethics.

Daoist philosophy is attributed to Laozi, who,
according to the ancient and authoritative Records of
History, is believed to have been an elder contemporary
of Confucius (551-479 B.c.E.) and the author of the
Laozi (Daode jing, or Tao-te-ching), a work roughly 5,000
characters long. This traditional account has been chal-
lenged by skeptics, yet the three Guodian bamboo ver-
sions of the Laoz unearthed in 1997 prove that the text
was extant and prevailing in the fourth century B.C.E.
and may have been composed still earlier. Another
founding thinker of Daoism was Zhuangzi. He and his
followers created the Zhuangzi, a much longer work that
is full of thought-provoking fables, stories, anecdotes,
and inspiring ideas and arguments.

The religious worship of Laozi, together with the
Buddha, is recounted in the official dynastic history in
the first century C.E. Daoist religious movements,
inspired by and combined with immortality beliefs, tra-
ditional medicine, yin—yang theories, Yijing (Classic of
change) theories, and prognostication and apocrypha,
developed in the following centuries. Regional Daoist
religious activities, however, were not recognized by an
independent royal court until the fifth century C.E.
Because of its origination, Daoist religion had strong
associations with folk and royal religious practices and
beliefs, such as polytheistic worship, the pursuit of long-
evity, and the belief in immortality, physical or spiritual.
Daoist priests and scholars may simultaneously be believ-
ers in Buddhism and practitioners of Confucianism.

A Philosophical Paradox

Daoism is commonly tagged as a sort of irrational mysti-
cism. Actually, Daoist attitudes toward science and
technology are mixed and varied. There are statements
in the Laoz that seem directed against knowledge and
artistry: “Eliminate knowledge, get rid of differentiation,
and the people will benefit one hundredfold. Eliminate
craftiness, get rid of profit, and there will be no robbers
and thieves” (chap. 19, bamboo version). “The more
cunning and skill a person possesses, the more vicious
things will occur” (chap. 57).

In the Zhuangzi, one can find stories such as this
one: Confucius’s disciple Zigong while traveling saw an
old man working in a garden. Having dug his channels,
he made many trips to a well, returning with water in a
large jar. This caused him a great expenditure of energy
for very small returns. Zigong said to him, “There is a
contrivance by means of which a hundred plots of

ground may be irrigated in one day. Little effort will
thus accomplish much. Would you, Sir, not like to try
it?”” After hearing Zigong’s description of the contri-
vance based on the lever principle, the farmer’s face sud-
denly changed and he laughed, “I have heard from my
master,” he said, “that those who have cunning devices
use cunning in their affairs, and that those who use cun-
ning in their affairs have cunning hearts. ... I already
knew all about it, but I would be ashamed to use it”
(chap. 19). The farmer presents a typical Daoist criti-
cism of technology and scientific invention. This is
nevertheless a moral observation on the side effects of
technological inventions, not an overall theory about
technology and science.

Actually, the Zhuangzi contains many intriguing
fables praising craftsmen who demonstrate fascinating
artistry, such as boatmen, a butcher, sword makers, car-
vers of bell stands, arrow makers, and wheelwrights. A
wheelwright once gave a lesson to the Duke Huan about
the limitations of communication through the example
of his artistry. He said:

If my stroke is too slow, then the tool bites deep
but is not steady; if my stroke is too fast, then it is
steady but does not go deep. The right pace,
neither too slow nor too fast, is the hand respond-
ing to the heart. But I cannot tell the skill by
words to my son and he cannot learn it from me.
Thus, it is that though in my seventieth year, |
am still making wheels. The ancient author of the
classic you are reading are dead and gone—so
then what you are reading, is but the sages’ dregs
and refuse! (chap. 13)

This fable is not only a paean to the artisan and his
artistry but also an ancient version of modern or post-
modern theories of hermeneutics and linguistics.

In one chapter, the Zhuangz raises questions about
the natural world and its movements:

How ceaselessly heaven revolves! How constantly
earth abides at rest! Do the sun and the moon
contend about their respective places? Is there
someone presiding over and directing these
things? Who binds and connects them together?
Who causes and maintains them, without trouble
or exertion!
rain, and the rain again form clouds?” (chap. 14)

... Then how does a cloud become

These questions come from and in turn stimulate curios-
ity about the natural world, which inspires investigation
into scientific and technological mysteries. Daoism con-
siders human beings to be equally part of the natural
world and has a strong interest in the ultimate origins
of, reasons behind, mechanisms of, and mysteries of the
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universe, including human lives—especially in compari-
son with Confucianism and Buddhism.

One distinctively Daoist concept is wuwei (nonac-
tion), which is often misunderstood as inactivity or lit-
erally doing nothing. But the Huainanzi (142 B.C.E.), a
Daoist work of the early Han period, argues that this
term does not mean inactivity. Wuwei actually suggests
that no personal prejudice interferes with the universal
Way and that no desires or obsessions lead the true
courses of Daoist techniques astray. To undertake an
enterprise one must follow reason, and to realize an
achievement one must take account of surrounding con-
ditions to be consistent with the principle of natural-
ness. For example, if one used fire to dry up a well or led
the waters of the Huai River uphill to irrigate a moun-
tain, these would be contrary to the principle of natural-
ness and be called taking action (youwei, the opposite of
wuwei). Nevertheless, such activities as using boats on
water or sledges on sand, making fields on high ground,
and reserving low ground for a pond constitute Daoist
wuwei or nonaction. This interpretation of wuwei, deriv-
ing from the Laoy’s idea of “assisting the naturalness of
the ten thousand things without daring to act,” pro-
motes a rational and observant attitude in everyday life,
which favors the scientific spirit.

Religious Pursuits

While Daoist thinkers presented reflective and inspiring
ideas, religious scholars and priests, in their informal
roles as inventors, practitioners, compilers, or distribu-
tors, made great practical and academic contributions to
the development of science and technology in China.
According to the first official 5,305-volume Daoist
Canon (completed in 1445), Daoist scholarship and
practice pursued knowledge and technology in various
fields, such as chemistry, mineralogy, biology, botany,
pharmacy, medicine, sexology, physics,
mathematics, astronomy, and cosmology. Ancient Dao-
ists were not professional scientists or technicians, and
their essential concern was attaining longevity and
material immortality, rather than science and technol-
ogy for their own sake. This pursuit makes Daoism dis-
tinct among religions and led Daoists to seriously
observe and explore the natural world, including the
human body and life, from generation to generation.
Thus, religious enterprise provided fertile ground for the
development of science and technology.

anatomy,

A good example of this confluence is the discovery
of gunpowder. Joseph Needham (1981) contends that
saltpeter (potassium nitrate) was recognized and iso-
lated at least by the fifth century in China. This first

compounding of an explosive mixture arose in the
course of exploring the chemical and pharmaceutical
properties of a great variety of inorganic and organic
substances. It was the hope of realizing longevity and
physical immortality that led to this discovery, one of
the greatest technical achievements of the medieval
Chinese world. One finds the first reference to it in the
ninth century, toward the end of the Tang dynasty, in a
description of the mixing of charcoal, saltpeter, and sul-
fur. This mention occurs in a Daoist book that strongly
recommends not mixing these substances, especially
with arsenic, because some alchemists who had done so
had the mixture deflagrate, singe their beards, and even
burn down the house in which they were working.

The fields of medicine and pharmacology were also
directly shaped by the Daoist pursuit of longevity and
immortality. Daoist scholars and priests advanced Chi-
nese medical theory and compiled important herbal
medicine classics. Tao Hongjing (451-536), a direct
descendant of the founder of the Supreme Purity Sect, is
the most prominent of these scholars. His eighty works
involve astronomy, calendrics, geography, literature,
arts, and the arts of war, in addition to medicine and
pharmacology. He argued that humans control human
destiny, not Heaven. The reason people die early is not
because of fate, but because their way of living harms
their spirits or bodies. A piece of semifinished pottery is
made of earth, yet is different from earth. Still it will dis-
solve in water before it is fired, even though it has
already dried. If it is not fired properly, it will not hold
up. If it is fired well and becomes thoroughly strong, it
will survive over vast stretches of time. Similarly, people
who pursue immortality take drugs and elixirs to make
the body strong, breathe in fresh air, and participate in
gymnastic exercise.

All these practices complement each other without
conflict. If the spirit and the body are refined together, as
in a senior immortal, one can ride clouds and drive a dra-
gon; if the spirit and the body become separated, as in a
junior immortal, one can leave one’s old body and take
on a new one. To preserve spirit and body, Daoists
emphasized the significance of moderation in desires and
emotion. It is impossible for the average person to have
no desires or do nothing, but they can keep their minds
in a state of harmony and minimize concerns. The “seven
kinds of emotion” (anger, anxiety, worry, sorrow, fear,
aversion, and astonishment) and the “six desires” (for life
and death, and of the eyes, ears, mouth, and nose) are all
harmful to the spirit and should be controlled.

Tao Hongjing also argued that the harm caused by
bad eating habits is more serious than that of lust,

468

Encyclopedia of Science, Technology, and Ethics



DAOIST PERSPECTIVES

because people eat daily, and he urged restraint in
taking food. To be healthy, he claimed, less food is
better than being overly full; walking after meals is more
helpful than lying down; and physical labor is preferable
to an easy life. Most of this early Daoist’s advice accords
with suggestions from modern doctors and professional
medical workers.

Furthermore, Tao Hongjing compiled the Collected
Commentaries on Medicinal Herbs, without which the
contents of the earliest Chinese medicine classics would
have been lost forever. He was the person who created a
typology of Chinese medicinal herbs and inorganic sub-
stances in the treatment of various diseases and symp-
toms; this became and remains the foundation of Chi-
nese medical theory.

According to Daoist tradition, the technology of
sexual life is related to prolonging youth and vigor,
though it was rejected by some later Daoists. Ge Hong
(283-364?) once argued that sexual intercourse was
necessary to achieve longevity and immortality. Even
if one were to take all the famous medicines, Ge
claimed, without knowledge of how to store up the
essence of life through sexual activity, attaining health,
let alone longevity, would be impossible. While people
should not give up sex entirely, lest they contract mel-
ancholia through inactivity and die prematurely from
the many illnesses resulting from depression and celib-
acy, overindulgence can diminish one’s life, and it is
only by harmonizing the two extremes that damage
can be avoided.

It was further held that foreplay and slow and com-
plete arousal are important for healthy intercourse. Men
should pay attention to women’s reflexes step by step
and delay climax to adjust for the differential in arousal
time to ensure the woman’s full satisfaction. Some of
these theories seem to have been confirmed and adopted
by modern sexologists. Kristofer Schipper (1993), a
Dutch Daoist scholar, claims that Chinese sex manuals
reflect an impressive knowledge of female anatomy and
reflexes; they are the only ancient books on this subject
that do not present sexuality solely from the male point
of view. Indeed, compared to other traditions, Daoism
includes much less discrimination against women, per-
haps because of Daoists’ strong belief in the harmony of
yin and yang, which work in all things and processes in
the universe.

Modern Resonance

Although Daoism is an indigenous Chinese cultural
tradition of some antiquity, modern scientists have

found that it resonates with certain aspects of the spirit
of modern science and responds to modern social and
environmental issues. Raymond ]. Barnett (1986)
found a surprising degree of similarity between Daoism
and biological science in their views on death, rever-
sion (cyclicity of phenomena), the place of humans in
the universe, and the complementary interactions of
dichotomous systems. The use of the terms yin and
yang is similar to the way scientists describe the beha-
vior of subatomic particles: One can say some things
about these particles, but only if one realizes that what
is said is a statement of statistical probability and that
a certain modicum of uncertainty is unavoidable. And
in the autonomic nervous system both the sympathetic
and parasympathetic subsystems, like the yin and yang,
affect most organs. The state of an organ is not a func-
tion of one system being totally “off” and the other
totally “on.” Rather, the health of an organ depends
on the balance between the activities of both systems,
with each able to change its input and alter the
balance.

Similar parallels between Daoist ideas and science
are too numerous to be discussed at length, but a few
deserve brief mentions. James W. Stines (1985)
demonstrated that the philosophy of science of British
chemist Michael Polanyi (1891-1976), especially his
theory of tacit knowledge, correlated with Daoist intui-
tion. Hideki (1907-1981), who in 1949

became the first Japanese physicist to receive a Noble

Yukawa

Prize, claimed that his creativeness was greatly inspired
by Laozi’s and Zhuangzi’s philosophical insights. The
famous American humanistic psychologist Abraham H.
Maslow (1993) found the advantage and complemen-
tary role of Daoist objectivity in scientific investiga-
tion. Fritjof Capra, in his best-seller The Dao of Physics
(2000), revealed the parallel between Daoism (along
with other Eastern traditions) and the notion of a basic
“quantum interconnectedness” emphasized by the Dan-
ish physicist Niels Bohr (1885-1962) and the German
physicist Werner Heisenberg (1901-1976). Norman ]J.
Girardot and colleagues (2001) discuss broadly and sig-
nificantly the relationship of Daoism and modern eco-
logical issues. Finally, one should certainly not forget
the pioneer researcher Needham, who contended
that Daoist thought is basic to Chinese science and
technology.

LIU XIAOGAN

SEE ALSO Acupuncture; Buddhist Perspectives; Confucian
Perspectives.
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DARWIN, CHARLES

Naturalist Charles Darwin originated the theory of evo-
lution by means of natural selection. Darwin (1809—
1882), who was born in Shrewsbury, England, on Febru-
ary 12, established the modern scientific understanding
of humanity’s place in nature. After his undergraduate
education at Cambridge, Darwin served for nearly five
years as a naturalist aboard a surveying ship, HMS Bea-
gle, which traveled up and down the coasts of South
America and then circled the globe. Darwin spent sev-
eral years after his voyage publishing the results of his
researches into fossils, botany, zoology, and geology. On
the basis of this work, he formulated his initial ideas on
evolution in the late 1830s and then spent two decades
developing the theory of natural selection before pub-
lishing his chief work, On the Origin of Species by Means
of Natural Selection, or the Preservation of Favoured Races
in the Struggle for Life (1859). In The Descent of Man, and
Selection in Relation to Sex (1871), Darwin explicitly
included human beings within the theory of evolution
and analyzed the biological basis of human social and
moral behavior. Darwin died on April 19 in England
and is buried at Westminster Abbey.

In his autobiography, Darwin says that the one
book he most admired as an undergraduate was William
Paley’s Natural Theology: or, Evidences of the Existence
and Attributes of the Deity, Collected from the Appearances
of Nature (1802). Paley (1743-1805) was the best-
known proponent of natural theology, a school of
thought that combined providential theology with
inquiry into adaptive structures in animals. From the
perspective of natural theology, adaptive structure or
design is evidence for the beneficent governance of the
world by its creator. Darwin’s theory of natural selection
provided an alternative scientific explanation for adap-
tive structure. Within Darwin’s theory, adaptive struc-
ture is the result of natural selection. Innate variations in
physiology or anatomy regularly occur. Many such varia-
tions are neutral or harmful to an organism, but some
variations offer advantages that enable an organism to
survive or reproduce more effectively than its competi-
tors. These favorable variations are inherited and trans-
mitted, and over many generations inherited variations
produce new species.

Darwin’s theory of natural selection is not grounded
in theology or ethics, but it has implications for meta-
physical and ethical beliefs. In his later years, Darwin
became a professed agnostic, but at the time of writing
On the Origin of Species, he was still vaguely theistic and
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Charles Darwin, 1809-1882. Darwin discovered that natural selection
was the agent for the transmutation of organisms during evolution, a
theory he presented in Origin of Species. (© Bettmann/Corbis.)

regarded the development of life on earth as the result
of a divine creation. The evolutionary process that he
explains nonetheless exhibits qualities of ruthlessness
and cruelty. In order to describe this process, Darwin
frequently uses metaphors such as the “Struggle for
Life,” the “battle of life,” or the “war of nature.” In all
species, many more individuals are born than can ever
survive or reproduce. This disproportion between birth
rates and the rates of survival and reproduction provides
the competitive situation within which natural selec-
tion operates. Individuals within and among species
compete for food and other resources; individuals of one
species prey on individuals of other species; and most
species eventually become extinct and leave no succes-
sor species. In a letter of 1856 to his botanist friend
Joseph Hooker (1817-1911), Darwin exclaims almost in
despair over “the clumsy, wasteful, blundering, low, and
horribly cruel works of nature!” In the last paragraph of
the Origin, he declares that there is “grandeur in this
view of life,” but it is a grandeur that emerges out of
“famine and death.”

Both before and after Darwin, it has been common
practice to invest the larger natural order with some
moral quality, either of beneficence or of ruthlessness,

and to use that quality as a model or norm for human
ethical behavior. The injunction to follow nature has
been interpreted to mean either that one should imitate
the supposedly benign character of the providential
order or that one should ignore all conventional social
constraints and seek only to satisfy one’s own desire and
ambition. Since the middle of the nineteenth century,
many thinkers have rejected this approach and have
argued that human morality is something separate from
the natural order. In their view, humans should not
follow nature but should instead cultivate their own spe-
cifically human moral sentiments independently of nat-
ure. Among Darwin’s contemporaries, John Stuart Mill
and Thomas Henry Huxley (1825-1895) advocated this
moral philosophy, and in the later twentieth century it
was advocated by prominent Darwinian thinkers such as
George C. Williams (b. 1926), Richard Alexander (b.
1929), Richard Dawkins (b. 1941), and Donald Symons
(b. 1942).

Darwin’s own theory of human morality breaks
away from the idea that one should take the larger
order of nature as the model for human moral behavior,
but Darwin does not argue that human morality is sim-
ply separate from the order of nature. He argues instead
that human moral sentiments derive from the evolved
and adapted structure of human psychology. The
human capacity for moral behavior results from two
aspects of our evolved psychology: our character as
social animals, and our uniquely human ability to think
abstractly. Our social nature enables us to feel sympa-
thy for other humans, to feel pain at their suffering and
pleasure at their happiness. Our ability to think
abstractly makes it possible for us to rise above the pre-
sent moment, to link the present with the past and
future, and thus to take account of the long-term con-
sequences of our behavior.

In typical Victorian fashion, Darwin hoped that
humanity would progress steadily toward a higher state
of moral consciousness, and he envisioned human moral
progress as circles of sympathy expanding out from kin
and tribe, to nations and cultures, to all human beings,
and eventually to all life on earth. At the highest level
of human development, Darwin hoped that humans
would become ecological curators for the earth.

In Descent of Man, Darwin considered the issue of
eugenics. He acknowledged that care of the weak has
dysgenic effects, but he nonetheless rejected social Dar-
winism or ruthless social competition because, he felt,
that sort of behavior would damage the more “noble”
qualities of social sympathy on which all human moral
behavior depends.
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From the second through the sixth decade of the
twentieth century, the adaptationist psychology that
Darwin inaugurated in Descent of Man went into
eclipse, supplanted by the belief that culture and
society control behavior and are not themselves
prompted and constrained by biology. The advent of
human sociobiology in the 1970s brought Darwinian
thinking back into psychology, anthropology, and the
other human sciences. In sociobiology and related
schools such as human ethology, evolutionary psychology,
and behavioral ecology, the adaptationist view of human
nature has had a deep and far-reaching influence on
twenty-first century ethical thinking. For contempor-
ary Darwinian theorists of human ethical behavior, the
most significant issue under debate is a question about
the level at which natural selection operates. Propo-
nents of selfish gene theory argue that natural selection
operates exclusively at the level of genes, and they
extrapolate the idea of “selfishness” from the level of
genes to the level of individual human motives. Pro-
ponents of group selection, in contrast, affirm the reality
Many theorists
argue that selection operates at multiple levels and
that these levels are interactive and interdependent.
The idea of a genetically encoded “altruism” that ulti-
mately subverts inclusive fitness would contradict the
logic of natural selection, but a co-operative and inter-
dependent structure is a fact of evolutionary history
and manifests itself at the level of cells, organs, social
groups, and ecosystems.

of altruistic or “unselfish” motives.

JOSEPH CARROLL
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DC-10 CASE

The troubled history of the DC-10 aircraft, especially in
relation to questions raised as a result of its involvement
in three major accidents between 1974 and 1989, pro-
vides a multidimensional case study in the ethics of
engineering design and the uses of technology.

The DC-10 is a wide-bodied aircraft with two wing
engines and a third engine distinctively placed in the
tail fin. It was introduced into commercial service in
1972, during a time of unusually intense competition in
the U.S. aviation industry. The market would support
only two viable manufacturers, and because the Boeing
747 was well established, either Lockheed Corporation
or McDonnell Douglas Corporation would have to with-
draw and suffer a substantial financial loss. McDonnell
Douglas won the competition, but evidence of its haste
to beat Lockheed is reflected in these case studies.

Design Vulnerability

Because airliners fly at high altitudes, the passenger
cabin must be pressurized, up to 38 pounds per square
inch. Because a heavy floor able to withstand this force
would not be economical, the cargo hold is also pressur-
ized. Thus the floor has to be strong enough to support
only the weight of passengers, crew, seats, and so on. If,
however, either part of the aircraft experiences a sudden
decompression, the loss of equalizing pressure would
cause the floor to buckle or collapse, resulting in damage
to the control system, which is located in the interior
spaces of the floor beam:s.

The 1972 Windsor Incident

Less than a year after the DC-10 was in service, a rear
cargo door was improperly closed on a flight from
Detroit, Michigan, and it blew open over Windsor,
Ontario, causing the floor above it to collapse down-
ward. Only the skill of the American Airlines pilot and
a very lightly loaded airplane enabled the plane to land
safely.

Ordinarily a problem of this magnitude would result
in the Federal Aviation Administration (FAA) issuing
an Airworthiness Directive (AD), a public document
that has the force of law, requiring owners of a particular
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aircraft to modify their airplanes within a certain time.
But the FAA charter contains a dual mandate: The
FAA must not only ensure aviation safety but also
promote the aviation industry. An AD at this time
would have given Lockheed a competitive advantage by
drawing attention to the DC-10 problem. Instead, John
Sheaffer, the head of the FAA, finessed these conflict-
ing objectives by making a “gentleman’s agreement”
with McDonnell Douglas to develop a fix for the cargo
door and implement it through service bulletins sent
only to owners of DC-10s, thus avoiding harmful
publicity.

Two weeks after Windsor, Dan Applegate, head of
project engineering at Convair, a subcontractor for the
DC-10 cargo doors, expressed grave doubts about the
“Band-Aid” fixes being proposed for the cargo door lock
and latch system. He took his concerns to higher man-
agement in an effort to have Convair contact McDon-
nell Douglas and develop a more secure fix. Although
he wrote a strong memo, management felt its hands
were tied by a “reliance clause” in the contract, which
stated that if Convair disagreed with the design philoso-
phy it must make its concerns known in the design stage
or pay for any later required changes. Because DC-10s
were already rolling off the production line, Convair
was faced with the prospect of paying for expensive ret-
rofits to the DC-10 if it raised questions now. No
approach to McDonnell Douglas was made.

The 1974 Paris Crash

When the service bulletins were sent out, many DC-10s
were sitting on the McDonnell Douglas lot awaiting
delivery. Ship 29, later sold to Turkish Airlines, was
recorded as having all service bulletins for the cargo
door performed, but in fact a critical item was omitted.
Ciritics believe that an AD would have been taken more
seriously.

On a fully loaded flight from Paris to London, on
March 3, 1974, Ship 29 lost its rear cargo door shortly
after takeoff, and the floor collapsed. Deprived of its
control system, the plane crashed: Six passengers from
the rear of the aircraft were found, still strapped in their
seats, nine miles away; the cargo door that failed was
nearby. French investigators collected more than 20,000
human fragments of the 346 passengers and crew. At
the time, it was the worst aircraft accident in history.

The 1979 Chicago Crash

On May 25, 1979, American Airlines DC-10 crashed
shortly after takeoff from Chicago when a wing engine

broke loose and damaged the leading edge of the wing.
Loss of the engine and damage to the wing resulted in
decreased lift: One wing was pushing up harder than the
other. A photo shows the plane, wings vertical, plun-
ging to the ground.

Had the pilots known that the wing was damaged,
they would have been able to take corrective measures
to control the plane. But they could not see the wing
from the cockpit and had to rely on instruments. Ironi-
cally, the needed warning devices were powered by the
engine that broke off, and there was no provision for a
backup power supply. The crash killed all 271 persons
onboard the DC-10 and two persons on the ground.

The separation of the engine was caused by a main-
tenance procedure designed to save more than 200 per-
son-hours of work. The engine is held in place by a large
pylon attached to the wing, and the McDonnell Douglas
removal procedure required that the engine (weighing
5,000 kilograms) be removed first, followed by the pylon
(900 kilograms). The new procedure used a forklift to
bear the weight of the engine, allowing engine and
pylon to be removed as a unit. The pylon is not designed
for the stresses this procedure can introduce and devel-
oped cracks, which eventually led to it and the engine
breaking away from the wing.

[t is normal for airlines to develop innovative main-
tenance procedures without FAA approval. McDonnell
Douglas knew that Continental Airlines and American
were using the forklift procedure and that it required
extreme precision in positioning. It also knew that Con-
tinental had reported two cases of cracks to the pylons
that required repair. Neither the FAA nor American
learned of these potential dangers because FAA regula-
tions do not require such reporting. But an engineer’s
first professional obligation is to protect the public from
harm, and engineers at McDonnell Douglas and Conti-
nental had clear evidence of the danger of this proce-
dure and should have investigated further and warned
others. For a professional, following the regulations is
not good enough when there is clear evidence of
danger.

The 1989 Sioux City, lowa, Crash

On July 19, 1989, a United Airlines DC-10 tail engine
disintegrated in flight, resulting in the loss of fluid in all
three hydraulic systems. The 170-kilogram front fan
disk, rotating at high speed, broke apart, and the frag-
ments took out everything in their path. Without
hydraulics, none of the control surfaces on the wings
and tail could be operated. The plane could only be cru-
dely maneuvered by varying the speed of the two wing
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A McDonnell-Douglas DC-10. A string of highly publicized crashes doomed the aircraft to a short lifespan. (© George Hall/Corbis.)

engines. Remarkably, the pilots managed to crash-land
at the Sioux City, lowa, airport, with only 111 deaths
among the 296 passengers.

The other wide-body jet with a large tail engine,
the Lockheed L-1011, has four independent hydraulic
systems, one of which has a shutoff valve forward of the
engine. If there is a leak, the valve closes the line, pre-
venting further fluid loss. After the accident, the FAA
issued an airworthiness directive requiring a shutoff

valve for the DC-10.

Assessment

All three DC-10 crashes were caused by failures that
need not have resulted in the loss of the aircraft. The
inadequately protected control system of the DC-10
allowed these otherwise predictable problems to cause
the crashes that took 728 lives. It would be satisfying to
find engineers and managers who clearly disregarded the
safety of air travelers, but the reality is a complex and
ambiguous interplay of engineering, design, financial,
legal, historical, and organizational factors that allo-
wed an underprotected aircraft to enter the stream of

commerce. Without the intense economic competition
with Lockheed, there might have been more attention
to the cargo door design, redundancy added to warning
systems, and a shutoff valve placed in the hydraulic
lines. Add to this Douglas Aircraft Company’s complete
dominance of the aviation industry from the 1930s to
the 1950s, which may have fostered a climate of com-
placency about the problems with the DC-10. (McDon-
nell Douglas had been formed in 1967 from the merger
of Douglas Aircraft and McDonnell Aircraft Corpora-
tion.) The regulatory safety net, as always, was catching
up to the problems posed by the new generation of
wide-body jets.

After each of these crashes the FAA required
changes in design, procedures, or training. Critics call
this “tombstone technology,” meaning that safety
changes are made only if there are enough deaths to
prove the changes are needed. But safety is defined as
“of acceptable risk,” which changes over time, and often
it takes a severe accident to determine what level of risk
is socially acceptable. Safety entails higher costs, and
regulators must try to balance the safety and cost factors
in evaluating complex, sophisticated technology that
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has a substantial interface with large numbers of people.
Inevitably, mistakes will sometimes be made and inno-
cent people will die before adequate regulations are in
place.

JOHN H. FIELDER
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DDT

DDT ranks among the most infamous acronyms in his-
tory. During the mid-twentieth century, its effectiveness
at killing insects made it one of the miracle products of
wartime investments in science and technology. Yet
within thirty years,
banned the synthetic insecticide due to fears of its long-
term effects on humans and wildlife. At the turn of the

many industrialized countries

twenty-first century, the devastating resurgence of
malaria across the developing world reignited debates
over the ethics of using DDT.

The chemical compound that is DDT, dichloro-
diphenyl-trichloroethane, was first synthesized in 1873,
but not until 1939 did Swi