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ABSTRACT: Experience with a goup of mechanical engineering seniors at the
University of Colorado led to an informal experiment with engineering students in
India. An atempt was made to quditativdy gauge the students’ ability to appedate a
worldview different from the standard engineeing worldviev—that of a mechanical
universe. Qualitative differences between organic and mechanical systems were used
as a pdnt of discusson. Both groups were found to exhibit distinct though and
behavior patterns which provide important clues for sensitizing engineas to
environmental isaues in future elucationd initiatives. Crosscultural and dobd
dimensions of these initi atives are discussed.

. INTRODUCTION

One of the wonders of human communication is the aility to cgpture in aword, so to
spedk, the consciousnessof an age. The term “green” is one of these magicd words.
One can think of few symbadls in literature, or even in folklore, that have had as much
impad on the imagination and consciousness of entire societies around the world in
recent times as this simple word. The word itself represents a rather wide and loosely
defined spedrum of though, attitudes, philosophy and pgradice centered around the
common theme of concern for and protedion d the environment.
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As might be expeded, this pedrum represents different shades of “green”. At the
one end are the “deep ecologists’ with aworldview that would be considered radicd by
many people—both in its analysis of environmental problems and the proposed
solutions. This group cdls for a fundamental reorientation o values, gaals, priorities
and life style to make human society blend in with Earth’s ealogy. At the other end o
the green spectrum are the growing numbers of people dl over the world whose
concern for the state of the environment has caused them to cdl techndogy into
acoun—but only in this particular area This dade of green consciousness and
opinion would have techndlogy manage its impact, withou necessarily modifying its
overal pattern of development.

In the midde of this pedrum is a sizable body of though associated with the
mainstream environmental movement as represented by the Sierra Club, for example,
which oppaes the present pattern of development, cdlinginto question the very nation
of development as a good in itself. It envisions instead a stable, sustainable society
suppated by “techndogy with a human face”, made up of small decentrali zed systems.
In its theoreticd forms this line of thougtt questions not only the philosophy but also
the sensibility of modern industrial and past-industrial society, refleded in ever-
increasing consumption levels and demands for higher standards of living as a means
to a better life."?

“Green Thought” as represented by mainstream environmental thinking, may thus
be said to constitute aworldview which may be ntrasted with the mainstream view
of engineas on a variety of fundamenta questions. For example the “green
worldview” assumes emlogy to be abasic theoreticd and empiricd discipline rather
than an off shoot of other fundamental branches of science The engineaing worldview,
onthe other hand, either implicitly or explicitly uses physics and chemistry as the basic
theoreticd and padicd framework for problem solving. The two contrasting
frameworks—organic and medanistic—often lead to fundamentally different
perceptions, analyses and solutions of environmental problems at the interface of
engineeging and the environment.

The interface between green philosophy and classcd engineeing theory and
pradiceis only just beginning to form, largely in resporse to the presaure on industry
to conform to environmental laws and standards. As auch, the considerations have been
more or lesspiecamed and in noway amourt to arevision d fundamental assumptions
ascdled for by agreen critique of western science and techndogy.

There is another basic difficulty. Charaderisticdly, the philosophicd assumptions
of engineaing are implicit in its theory and padice and can orly be intuitively
deduced. They are not necessarily synonymous with the implicit assumptions of
science, onwhich a @nsiderable body of analytica and pilosopticd literature exists.
With the development of quantum medanics, science, or at least physics, has become
much lessrigid in its descriptions of things. Notions of causdlity, locdity, etc. have
bewme increasingly difficult to pin dowvn. However these theoreticd problems and
their philosophicad implicaions have remained puely acalemic matters. The gulf
between the physicd and the life sciences has tended to become wider rather than
narrower, except for certain esoteric interface aeas. This gulf is dramatized in the
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encourter between engineering and green phlosophy, as a result of the domination o
engineeing by the ehos of classcd physics.

As reported in this paper, | did na attempt to systematicdly gauge or quantify the
readions of students to the green viewpoint. Rather, | simply made it a point to allow
the students to express themselves on a variety of social and plilosophicd isaies
related to the impad of tedhindogy. The green pant of view was presented as a basis
for discusgon. Asit turned ou, teading experiences with two very different groups of
students yielded a harvest of valuable data, so it is not entirely inappropriate to label
them experimentsin retrosped.

The first groupwas a class of mechanicd engineeing seniors at the University of
Colorado at Denver. The semnd consisted o fina yea medanicd engineaing
students at Kumaraguru College of Tedhndogy, a small private engineaing college
locaed at Coimbatore in South India. In the latter case | was guided na only by my
edalier experiencewith the Colorado students, but also by recent developmentsin India
and the world in the aea of environmenta protedion. These results are therefore more
spedfic andtopicd.

1. THE U.S.EXPERIENCE

Severa yeas ago, whil e teading a curse on energy conservation at the University of
Colorado at Denver, | had the oppatunity to condwct an informal experiment. This has
been reported in an ealier paper® and is simmarized here. The course was intended to
be aregular tedhnicd course and a standard textbook on the subjed was used as the
main text. However, the dassfrequently included seminar-type discussons addressng
a wide range of questions. For example, energy was discussed in dfferent ways,
paying attention to where it comes from and what happens in the wurse of its use by
society. This perspedive linked energy inextricably with human society and the
physicd and kiologica environment. Various questions were raised and it soon kecane
clea that the traditional lines separating technicd questions from social, phlosophicd,
cultural and environmental questions are atificial and arbitrary.

Coincidentally, the same semester | also taught a short course on the topic of
energy for a rather diverse group d nonscience majors, comprising business
acourting, libera arts and psychology majors. As there was littl e formal content of the
course, a considerable anourt of time was pent in dscusson and watching
videotapes, ore of which was by Amory Lovins on “Soft Energy Paths’. Lovinsis a
tecdhndogist who advocates a comprehensive redesign o tedindogy to make it
environmentally-friendy, or “soft”. This tape was generaly well-recaved by the
group.They foundLovins arguments persuasive and though-provoking. Interestingly,
the same tape shown to the engineaing goup dlicited guarded, generally negative
resporses. Several students thought Lovins was biased and “anti-techndogy”. When |
asked why Lovins ought to be mnsidered anti-techndogy, ore student answered,
“Because heisanti-nuclea.”
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One group dscusson in the engineaing class brought up a philosophicd isae. |
mentioned that one of the aiticisms of science by writers whose books have become
important in the wake of the environmental movement concerned science s implicit
worldview and assumptions about the nature of redity.” For example, acording to
these writers, Western science seams to entertain the aiomatic belief that eventually
everything can be reduced to physics and chemistry, nov or in the future. This
assuumptionimplies that the universe, and everythingin it, is a machine which functions
acording to prescribed laws and that these laws could in principle be completely
determined by applying the methods of science—sometime in the indefinite future. |
asked the students whether they subscribed to this belief and whether they though its
implications had any pradicd significance—for example, in what engineers do. Many
students considered this fundamental belief “justified”, “self-evident”, “obvioudy
true”. One student claimed, “It's nat an assumption. It's afad!” Some students had no
opinion.No one mnsidered this article of faith to have any pradicd significance

At the time | taught these two courses, | was not particularly well-educaed on
green phlosophy or the totality of the green pdnt of view, including its emphasis on
the significance and relevance of the science of ewlogy for engineging. In spite of
this, | was struck by the observation that engineeing curricula, or at least the typicd
mecdhanicd engineaing curriculum, paid virtually no attention to environmental
science At most, a book onenergy conversion, thermal power plants, or automobile
engineeing, might have a tapter or two on pdlution control. No attempt was made to
see the world, even the organic world, as an organism rather than as a machine—
delicaely poised, fragile and vulnerable to irreversible stressand deah.

In recent yeas the impaa of green thougt on engineering educaionin the U.S has
become much more naticedle® This is partly due to new job and market trends
favoring environmentally-friendy techndogies. It is quite possble that engineaing
students in the U.S now are nat only much better environmentally educated than their
courterparts in the mid-198Gs, bu are dso more keenly disposed towards
environmental protedion. In spite of this, | doult that this externally driven change is
dee enoughto cause afundamental change in worldview (seeSedion V).

1. STUDENTSIN INDIA

Recently, while teading a murse ettitled “Energy Resources and Utili zation” for
medanicd engineeing seniors at Kumaraguru College of Technology, a small private
engineeing college in South India, | once ajain had the oppatunity to interad with
engineeing students on a variety of technicd, social, cultural and phlosophicd isaies
centered around the problem of energy.

Like the energy conversion course & the University of Colorado, this course was
almost completely technicd in content. In India, the exad content, or syllabus, of eath
course is dedded by a university committeg rather than by the teader. For this course,
the syllabus and the textbook prescribed by the university emphasized standard topics,
such as therma and hydroeledric power plants and niwclea power. One chapter in the
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text was devoted to renewable energy sources. There was an introductory chapter
which presented a broad overview of the energy situation in the world and in India
Even thoughthe textbook hed a chapter on pdlution, this was not a part of the wurse
syllabus prescribed by Bharatiar University, to which the wllegeis affili ated.

This was a much larger group (40 students) compared to the U.S. group (not quite
20) and it was a required course rather than an eledive. Other than that, the technicd
level and technicd badkgrounds of the two groups of engineering students were
comparable. Cultural badkgrounds and certain ather contexts discussed below were of
course very diff erent.

In the first sesdon, as a starting pant for an opinion dscusson, | asked the dassif
they had head the term “sustainable development” and whether they had any thougtts
abou what it implied, espedally in the context of energy tedindogy and energy
planning. Of the 30 or so present, a small number said they had come acossthis term
in their readings or in educaiona television programs. Only one or two students were
able to adequately explain what the term meant and comment on its sgnificance for
engineeing.

However, orce the concept was introduced and explained, most students quickly
picked uponit. They were @le to appredate that, urlike in the past when important
socia and cultural choices had been made unconsciously by human societies, either on
the basis of unconscious value systems or due to various historicd fadors, the world is
now facal with the need to make explicit choices, and the process of making these
choices must be mlledive, intelligent and resporsible.

| asked the dassto write an essay in four parts. In part one they were to describe
what sort of world they would like their children and gandchildren to live in. In the
semnd part they were to say spedficdly what sort of material things they would like
their children to passessor be able to possess In the third part | asked them to discuss
how they though the world described in part one could be brought about. And in the
fourth sedion d the essay they were asked to review what they had written in the
semndpart in the mntext of the first and third sections.

Most of the students emed to enjoy this deliberate exercise in imagination.
Everyone wished for aworld at peace Most, but not all, spedficadly mentioned aworld
freeof palution. Many (70 to 80%) described in dfferent ways a world in which the
marvels of science and techndogy would make it possble to conguer disease,
eliminate hunger and close the gap between rich and poor nations—an esentialy
utopian world, dobally integrated by computers and communication retworks.

For the second art of their essay, with the exception o one, everyone wanted their
children to have such things as a ca, TV, telephone, refrigerator, etc. (Such things are
presently available to ony arelatively small fradion d the urban popuationin India).
Many said they wanted their children to be educaed abroad and be free to travel
anywhere in the world.

How could the world described in the first part be brought about? A number of
students said that things $ioud be left in the hands of the scientists and engineas—
that all the major problems could be solved if the pdliti cians would get out of the way.
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A few said specificdly that most of the problems were due to corruption in
government, mismanagement and misuse of resources.

My intention in pasing the question for the fourth part of the essay was to make
them refled on whether the standard of living they wanted for their children was in any
way incompatible with their overal vision d the world; or more spedficaly, whether
this dandard o living could be “sustained” in the world ona large scde. None of the
students in the dass ®emed to caich on to the underlying pant. No ore noticed any
apparent contradiction. It was difficult to tell whether they wanted this high standard of
living for the whole world and considered this a pradicd posshility or if it wasto be
vouchsafed orly to their own children.

| followed upthese ealy sessons by two seminar-type sessons towards the end o
the @urse, after most of the individual pieces of the energy puzze had been separately
considered from atechnicd angle. Following the line prescribed in the curse syllabus,
we had studied in considerable technicd detail al the major energy sources presently
on the scene, including renewable energy sources as well as those like nuclea fusion,
considered “potential”.

As mentioned ealier, neither the murse text nor the course syllabus, had much to
say abou the environmental questions in the antext of energy resources utili zaion.
For example, in a 50—page chapter on nwclea energy approximately one page was
devoted to nuclea waste disposal.

In the final group dscussons, we returned to the theme of sustainable
development. | asked the students to review their “wish worlds’ in the light of this
concept. Could such a world be sustained by the environment? Clealy, to answer this
question we need to know a gred ded abou the environment: What are the things that
make it up? How does the environment sustain itself? How does it sustain us? How are
we related to this intricae system? What might happen if emlogicd balance and cycles
are disturbed? etc.

| expressed the view that our role & enginees obliges usto wea two hats. The one
hat we wea as participants in a free society—as consumers and workers who exped
and cemand ou rights and want the best for ourselves and ou famili es. The other hat
we wea as engineas, whose intellecual resources oblige us to criticdly evaluate our
own demands and expedations. As engineas trained in systems anaysis, we caind
ignae the overall context of our work: our living danet is a delicaely balanced
system, to which the adivities of human beings are asource of potentially serious
disturbance Our work therefore carries a spedal responsibility. | told the dassthat this
was my view, that they were freeto form their own, that | would like them to gve the
matter some though.

The final discusson centered on the relationship between engineaing and the
environment. We ansidered a number of questions in a rather personal context. Does
it matter how an enginee feds about the environment? About nature? Are these
fedings likely to affed the style and content of his or her work? How serious are the
world's environmental problems? How can they be solved? What should be Indid's
pali cy towards the environment ? Towards devel opment?
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The discusson was productive, athough oty haf of the thirty or so students
present participated. There was a general feding that environmental problems can be
solved by enading and enforcing suitable laws. But that these laws must be
“reasonable” and must not compromise development. Enginea's can help by creding
environmentally friendy tedndogies. Sufficient lead time must be dlowed to convert
to clean fuels and rew techndogies.

The ideaof caefully planned, environmentally dictated sustainable development
did na find favor with the dass Pradicdly everyone who spoke wanted to seelndia
develop to a high techndogicd level as quickly as possble. A few students sid that
cae must be exercised in planning development to ensure that the environment is not
“unddy” damaged.

A smal number of students oke strondy for the protedion d the global
environment, expressng concern about possble caadysmic changes from ozone
depletion and the green-house dfed. First world courtries were blamed for these
problems.

A few students had strongfedings abou materially over-developed courtries using
huge anourts of the world's resources. It was aso felt that these nations are impeding
the development of other courtries.

| asked the dassto consider whether they would be personally willing to pay a
higher pricefor a substantially cleaner fuel and, if so, hov much. The respedive ourts
inagroup d 34 were:

0% incressein price 0
Up to 10% 18
10%to 25% 10
25% to 50% 4
More than 50% 2

As afina exercise, the students were asked to read the following statements and
indicate to what extent eat statement mirrored their thinking.

1. Excerpt from a speed by Chief Sedtle, a North American triba chief,
delivered in 1854.

“The white man must trea the beasts of this land as his brothers. | am a savage
and | do nd understand any other way. | have seen athousand rotting bufaloes
onthe prairie, left by the white man who shot them from a passngtrain. | am a
savage and | do nd understand how the smoking iron hase @an be more
important than the buffalo that we kill only to stay alive.

“W hat is man withou beast? If al the beasts were gore, man would de from a

gred lonelinessof spirit. For, whatever happens to the beasts, soon heppens to
man. All things are cnrected.”
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Mirrors my thinking: Totally - 3%
Substantially - 12%
Moderately - 24%
Slightly - 45%
Not at all - 6%
No response - %
2. Excerpts from the Sierra Club Environmental Hedth Source Book:®

“1f we fail to change both ou own private habits and public pdlicy, there will
be poverty, human suffering, tremendouws gjuandering d natural resources, and
broad environmental destruction such as has never previously been experienced
by the human race The kind of inappropriate behavior that has led upto this
point cannad last for more than 2 to 3 decales withou radicdly changing the
basic nature of the living eath”.

Mirrors my thinking: Totaly - 3%
Substantially - 3%
Moderately - 24%
Slightly - 51%
Not at all - 12%
No response - 6%
3. Statement by an Indian government official concerning criticism that a

hydroeledricd mega projedt would cause massve destruction o forests and
displacement of tribal popuations. “Such (environmental) problems are
inevitable. We will try to minimizethem but we car't let them stop us. We have
to get eledricity to tens of thousands of vill ages. How can we do that withou
big (hydroeledric) projeds?’

Mirrors my thinking: Totally - 42%
Substantially - 40%
Moderately - )
Slightly - 6%
Not at all - 0
No response - 3%

The ourse ended at this point. | did na use awritten guestionnaire to recave
feedbadk onthe course. Verbal comments and readions were invited.

A number of students referred to the aedive fantasy exercise, cdling it a “lot of
fun’. Many said they felt very much involved in the exercises, something they missed
in standard course material. Appreciation was expresed for my efforts to relate the
course material to general social questions and for developing “perspective” on the
environment. Some students remarked that this was the first time in their educaional
experience that someone had tried to pu things together to form a big picture. One
student cdl ed the exercises a “thrilli ng experience”.
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Four students came to seeme dter the course and expressed the desire to dotheir
fina yea projed on an environment related topic. However, subsequent interadion
with the rest of the group dd na produce ay evidence that the students general
worldview had been ndicedly influenced. My conclusion was that without regular
reinforcement of ealogicd ideas and awarenessthroughou the four yea programiit is
unlikely that isolated educational initi atives would have much chanceof success

IV. DISCUSSION

The analysis, discusson and conclusion in this dion are inspired by, bu are not
restricted to, the two teating experiences described. From repeded encourters with
engineeing students in India and the United States, microcosmicaly refleded in these
experiments, certain patterns have amerged which | have tried to interpret and
cdegorize

Like students in general, engineaing students are susceptible to a great ded of
naiveté in their worldview. This naiveté can be wstly, since most engineeing work has
a dired impad on the natural environment and aher dimensions of human life. If
students are not sufficiently sensitized, educated and trained to understand, appredate
and resped the delicae web of relationships in reture, the result islikely to be what we
have been witnessng—witting a unwitting infliction d harm to the ewironment,
foll owed hy piecemed €eff orts to repair the damage.

It seems to me that engineaing education, kased asit is on plysics, rather than the
life sciences, has st itself up for endarsing and perpetuating the above gproach. By
studying simple, nonliving things, or by making engineeing theory artificialy simple
through assumptions and abstradions, undergraduate engineaing theory credes the
impression in students that the world is made up d separate objeds which can be
manipulated at will. The feding implicitly and urconsciously extends to include the
organic world.

The engineaing methodis based ona processof seledive atention. What does not
fit into the prevailing theoreticd framework—a framework derived from physics, is
either ignaed o discarded. Complexity, interconnededness the fads of emlogy in
general, do nd fit into this framework. “Results’ are adieved by seledively valuing
cetain effeds above other effeds. The process is sf—reinforcing because it
automaticdly discards what does nat fit.

By the time engineeaing students read their third o fourth yea of college, this
kind d “tednothink” has become an unconscious mindset. | have noticed it time and
again in class discussons on emlogy—a failure to appredate the complexity and
fragility of organic systems. This is also apparent in the two teading experiences
reported above. Tedhnothink presumes that things can be fixed and even though the
students may know that a dead treeis a dead tree they find it difficult to uncerstand
that the living environment asawhole can be kill ed.

The mnceptua framework of technahink devalues the living dmension d the
environment. The environment is perceived as a source which can be fredy drawn
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upon, @ as asink into which things can be dumped with immunity; burying radioadive
waste underground in sted tanks or dumping the tanks into the sea renders the problem
solved—now and forever, even in a projected scenario in which niwclea fisgonis en
asaprimary energy source That the chapter on nwclea power in the Indian energy text
had orly one page on niwclea waste disposal is an example of such tunnel vision.

Ecology is a natural science It canna acommodate pragmatic human
considerations, conventions and arbitrary geographicd demarcdions. Taken in its
natural context, its implications are radica. This comes aaossrather clealy when we
look at the social and pdliti cd questions related to energy development, asit did in the
discussons with the two goups of students described above. Glaobally, there is
growing awarenessof the esential unity of the eath’s environment. Y et the dfairs of
the world continue to be governed by the sdlf-interest of nations, societies and
econamic organizaions. They also continue to be shaped by human prediledion for
extravagant consumption, whenever and wherever such resources are available. The
“wish worlds’ of the Indian students, reported in Sedion I, exemplify this.

The number of schods in the U.S. offering environmental engineeing programs
seamsto be slowly, bu stealily, increasing. Some initi atives also seem to be underway
to integrate engineaing with environmental science and ethics.®’ Quite often, trends
originating in the developed courtries tend to spread to the rest of the world. For
example, a good percentage of textbooks used in engineaing schods in India ae by
American and British authors. If anew emphasis and dredion developsin textbooksin
the U.S. and U.K., it will doulilesdy have an impad on engineging students in many
parts of the world.

However, if they are to do justice to the neals of the environment, this new
generation d texts will have to domore than tead engineesto design environmentally
friendy techndogy. The antire framework of “technahink’—its implicit assumptions,
inherent values and traditi onal methoddogy, must be reconsidered.

Engineeaing students must be helped to understand that the work that engineers do
involves deding with organic systems. These systems are fragil e: we do nd understand
them well and, even if we did, that would nd make them any lessfragile. One canot
approach the organic environment on the basis of technahink. The relationship must,
first and foremost, be one of feding—a sensitivity that is refleded in the passages of
the Chief Seattle speeth®

There is no reason why elogy may nat be treded as a fundamental science on a
par with physics and chemistry. It might well be an esential part of engineering
curriculum at al levels. But the study of emlogy does not guarantee sensitivity to the
environment. For that we need a sweeing cultural change—a change in ou entire
perception d and relationship to nature. It must be seen and experienced as alive, an
integrated and cHlicate whole.

In arder for engineeing to help creae asociety at peacewith the environment, it
will have to domore than produce ewvironmentally benign techndogy. It will have to
transform itself. There istoo much at stake.
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V. SUMMARY AND RECOMMENDATIONS

The two teading experiences provided vauable insights into readions of
engineging students to “green phlosophy”. Their readions indicae a ¢ash of
paradigms. “technahink” vs. “green thought”. Tedwnothink implicitly asaumes that
things can be understood by analyzing them and, if something gces wrong, can be
fixed.

This is the implicit mindset of many engineaing students and may refled
premature spedalization in engineaing before a student appredates that his or her
primary role is as a dtizen o the planet.’ “Green philosophy” on the other hand
demands humility, resped and sensitivity towards the natural world. This paper has
argued for a serious and criticd regopraisal of “tedinahink” assumptions and Leliefs
with resped to the natural environment and a crrespondng revision d the standard
engineeing curriculum to include the study and uncderstanding o living systems.

In this context | make the foll owing recommendations.

1. A one or two semester course on “ecologicd relationships and living systems”
shoud berequired at the sophamore level in the engineaing curriculum.

2. A new style of teading and engineaing textbook writing shoud be aloped to
emphasizethe nation that all li ving things are cnneded and cannot be separated.

3. Multimedia and doba networking techndogy shodd be used to enable
engineging students to view energy, materials and environment-related isues
from aglobal perspedive.

4. Thereshould be aserious debate and dscusson amongenginees on the validity of
“technahink”.

5. Engineaing curriculum and teading methods in countries like India shoud be
changed to make engineaing students environmentally literate.
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