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Foreword

Twenty-six papers by a total of forty-six authors illustrate the
wide reach of STS studies and STS education which attendees of the
annual National Technological Literacy Conference have come to expect.
All levels of the educational systems of many nations from preschool
through graduate schools have been impacted by this international
movement. The National Association for Science, Technology and Society
(NASTS) and its active membership have been key players in cailing
attention to the importance of this movement and its message. As NASTS
convenes its tenth anniversary conference in 1995, it is clear that STS

education has found a permanent home on the international educational
landscape.

This past year witnessed the loss of a key advocate for STS
education as NASTS President, Alice Moses, left this world for the
rewards of the next. All the membership of NASTS will miss Alice's
practical and informed perspective on STS education, especially as it
related to elementary school education. It is fitting both that several
papers address her favorite arena of education within this proceedings

volume and that this product be placed with the ERIC system in her
memory.

-- The Editors

C.
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TECHNOLOGY, YOU AND THE LAW
Kenneth S. Volk, Ph.D.

School of Education
East Carolina University
Greenville, North Carolina 27858
(919) 328-6740

The United States legal system plays an important historical and contemporary role
interpreting the extent of influence between technology and the Constitution. For this rcason,
Science/Technology/Society curriculum should include activities designed to have students
understand this interpretive role. These activities not only serve to broaden students'
knowledge and appreciation of associated technological and constitutional issues effecting
their lives; but hopefully, a new skill to critically examine and discern the future impacts of
technology and the law will be gained. One specific STS activity designed to foster these
skills uses actual court cases and a panel of student "judges." Through cases involving
constitutional guarantees of free press, right to assemble, and protection from unreasonable
searches, students can participate through role playing in the legal decision-making process.

This discussion will elaborate on the above instructional strategy. Due to the
importance of technology and the interpretation of our laws which effect each individual's
rights, a closer examination of Constitutional issues in STS programs will be presented. This

discussion and outlined activity may serve as a catalyst for examining the legal implications of
technology in STS courses.

The Early Influence of Technology on the Constitution

Technology has influenced the Constitution in many ways over the years. This
influence can even be seen during the conception and drafting of the Constitution. Two
examples can be given: the regulation of commerce between states, and the protection of free
speech and press.

During the colonial period, a division of skills and outputs took place. The northern
states were the center of industry and manufacturing, while the southern states were
agriculturally based. Duties and tariffs were a major concern. Such acts would have restricted
the flow of technology between the various states i.e., Stamp Act, 1764; Townshend Act,
1767. As noted by Cullop (1984) the regulation of commerce was one of the major
compromises to be settled in writing the Constitution. Because of the differences in
technological applications and the potential of duties being imposed, Congress was given the
power to control commerce.




Statutes were often passed by colonial assemblies which regulated speech and press.
Licensing of printers was one such means of regulation. Although neither royal governors nor
local courts seemed to enforce the laws with any degree of regularity or stringency (Leder,
1968), it is possible the Framers of the Constitution wanted to make suse that press licensing
would not be a part of law (Urofesky, 1991). Another important influence of technology on
the Constitution was the case of John Peter Zenger. At issue was the power of the press
(applying the available technology) and the freedom to print material that was considered by
some to be seditious. In 1735, Zenger was charged with libeling the British Governor through
the publication of an article in the Weekly Journal, of which he was the editor. Zenger was
found not guilty. The case was considered landmark since it established truth as a defense for
sedition, and it would be up to a jury and the courts to decide the truth.

Thus, according to Chafee (1969: 21), the Framers of the Constitution wanted to "wipe
out the common law of sedition and make criticism of the government, without any
incitement to lawbreaking, forever impossible." The First Amendment directly addressed the
issue of speech and press regulation; and being the first amendment, it occupies a preferred
position in the hierarchy of protected rights. The first ten amendments to the Constitution
can be considered an integral part of the Constitution since several States refused to ratify the
Constitution without a promise of a Bill of Rights (Wilson, 1987).

The Early Influence of the Constitution on Technology

The Constitution has also exerted influence on technology. Again, this influence can be
seen in the framing of the Constitution. In Article 1, Section 8 of the Constitution, it states:
Congress shall have the power "to promote the progress of science and the useful arts by
securing for limited times to authors and inventors the exclusive right to their respective
writings and discoveries." This led to the creaticn of the United States Patent Office and the
licensing of technological innovation.

The first regulatory action by the U.S. Congress was in 1852 (Burke, 1979). That
year, Congress passed a law setting standards for the design and safety of steamship boilers.
In essence, technology was being regulated by Congress. Today, Congress continues to
influence technology and other issues. Of the nearly 7,000 biils introduced in each
congressional session, many deal with technology in a variety of areas such as medicine,
computers, and telecommunications. Although approximately three percent of the bills
introduced are eventually passed into law, Congressional influence on technology can be
considered significant.

The Interpretation of Law

In accordance with provisions set up in the Constitution, there are three branches of
government. In very general terms, the Legislative Branch makes the laws, the Executive
branch enforces the laws, and the Judicial Branch interprets the laws. Although each branch
plays a significant role, it is the Judicial branch which ultimately must aefine the meaning and
scope of the Constitution. It was the case of Marbury v. Madison (1Cr. 137. 206, 1803)
which set the legal precedent for the latter's role and responsibility as being the final
interpreter of the Constitution (Harrell and Anderson, 1988).
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Considering the delineated role Congress has in making laws, the responsibility of the
Judicial branch in interpreting laws, and the impacts and legality of recent technology, an STS

activity can be designed to have these technological issues examined by a court of student
"judges."

"You" Be the Judge

An STS activity designed for students to actively discuss legal issues involves the use
of student "judges." With selected court cases that deal with the use or application of
technology, the judges can then decide the outcome of the case. After the background facts
are presented and the student judges make their decision, the actual court outcome is
announced. This outcome is then used to clarify the constitutional implications and
guarantees derived from the decision. Structured as a one-period lesson, or as a five-minute
"quickie" using one select court case at the end of a period, this activity can provide
entertaining and thought-provoking discussions on constitutional issues.

To begin this activity, court cases must be collected through various sources. These
cases, involving the use of technology might deal with guarantees of free press, the right to
assemble, and/or the protection from unreasonable searches. Two excellent sources to collect
sample cases are The Wall Street Journai and the Rutgers Computer and Technology L aw
Journal.

In the former source, the Law Section often provides very current examples of the
application of law and technology. Once a bank of cases have been collected, with summative
background information, the "court" can be called into session.

For optimum student involvement, three "judges" are selected from the class. These
judges proceed to the front of the class, but before they take their seats, they are asked to put
on robes signifying their judicial authority. Graduation robes make very adequate judicial
garb to enhance the role playing. Also, before the cases are presented, the opening prologue
which starts each session of the Supreme Court is said to those in attendance.

Oyez, oyez, oyez, all persons having business before the honorable, the
Supreme Court of the United States, are admonished to draw near and give
their attention, for the Court is now sitting. God save the United States
and this hor.orable court.

A visua!l display of the court cases plays an important part in having the students
understand the technological relevance. Two ways this can be accomplished: with overhead
transparencies or computer presentation software.

Threugh the use of traditional overhead transparencies, a photograph or cartoon can be
used to illustrate the case. The legal question is then presented below. At the bottom of the
transparency is the answer, as cited in the actual court case. This lower portion remains
covered until the judges make their decision. Figure 1 shows an example of this method.
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Figure 1

Can a state place a disposal fee on out-of-state hazardous
waste, but not waste generated in the state?

NO. Chemical Waste Management v. Hunt
504 US, 119 L Ed 2nd 121, 112 S CT No. 91-471.

The court found that no state (Alabama) can isolate itself from a
problem common to several states by raising barriers to free
trade. Violates the Constitution's commerce clause.

The use of computer presentation software offers the advantage of introducing sound
and video clips, as well as interactiveness into the discussion. Software packages such as
Compel work well in this situation. By placing a scanned photograph or cartoon into the
presentation slide, YES and NO buttons can be inserted. When the dec.sion is made by the
judges, the corresponding button is then selected. The response linked to each button would
show the actual court outcome and an amusing sound effect to indicate correct or wrong
decisions.
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Recent Technological / Constitutional Issues

Qver the years, technology has had an impact on our guaranteed rights. Although many
of these issues have been "settled" through legislative or judicial actions, the pace of new
technological development has created the possibility of new laws and interpretations which
were impossible to conceive of only yesterday. These impacts influence our ability to
approve, use, accept or reject technology in ways which may restrict, expand, intrude or alter
our lives in countless ways. The following examples dealing with the right to privacy,
freedom of speech, and right to free assembly will illustrate how recent technology has had an

impact on the Constitution. These cases can be used as examples for the courtroom
simulation.

Technology often impacts our right to privacy. Although not specifically stated in the
Constitution, the right to privacy has been interpreted and implied from the Fourth
Amendment which guarantees the right to be secure from unreasonable searches. Since the
first case that a court accepted the idea of a "right to privacy", Pavesich v. New England Life
Insurance Company (122 Ga,190, 50 S.E.68, 1905), judicial acceptance of the interpretation
has become more commonplace (Goode, 1983).

Telecommunications is one new area of technology which has raised issues about our
right to privacy. With wiretaps being conducted as early as the 1880s by police conducting
investigations and stockbrokers trying to obtain secret information (Goode, 1983), our right
to privacy in communications has been a source of concern. Over the years courts have
issued decisions on the legality of wiretaps. In 1928, the Supreme Court ruled wiretapping
was not an unauthorized search (Olmstead v. United States, 277 U.S. 438), but later the Court
overni ‘ed Olmstead in Silverman v. United States, (365, U.S. 505, 1961). Silverman dealt
with the use of bugging devices in a place which the Court determined to be a constitutionally
protected area. Legislation also has dealt with issues of wiretaps, with Section 605 of the
Federal Commurications Act of 1934, and the Omnibus Crime and Safe Streets Act of 1968,
as examples.

The recent development of sophisticated communication devices has led to a myriad of
new impacts on our right to privacy. For instance, when a person's cordless telephone
conversation is listened in on by a neighbor, does this violate their right to privacy? This
issue was recently decided in Tyler v. Berodt, (877 F.2d 705, 8th Cir., 1989) held before the
8th Circuit Court. This case involved the Berodts who used their own cordless phone to
monitor and record the phone conversations of their neighbor. The Court held that the
cordless phones were not "wire communications" protected by the Wiretap Act. The Court
further found that the speakers had no justifiable expectation of privacy since they were
aware their conversation was transmitted by a cordless telephone.

Privacy in the workplace is another issue being challenged by recent developments.
There are many types of techniques that are available to employers to monitor and control
the workplace. This intrusion into our privacy has been termed by some to be the start of
the "electronic sweatshop age" (Rothfeder, Galen, and Driscoll, 1990). Fish-cye cameras
watch for employee theft, computers track their performance and time-on-task, and drug
testing checks their physical state. These and other technologies have given employers




powerful tools to invade the privacy of their employees, often without their suspecting it.
Litigation in this area is also just beginning. For instance, in Bright v. Northwest Medical
Center (U.S. App., New Orleans, 1991), the employee was found not able to claim overtime
pay for being monitored with a beeper and having to remain sober for possible call-in as a
condition for his employment. The judge found there was no overtime pay for putting up
with oppressive working conditions (Moskowitz, 1991). Therefore, the nine-to-five
workday is quickly becoming a twenty-four hour responsibility, accountability, and
indebtedness to one's employer.

Our right to free speech as guaranteed through the First Amendment has also been
impacted by recent technology. One example is the introduction of Caller Identification (ID)
services by various telephone companies. This service, now feasible through the use of
sophisticated computer software, allows the receiver of telephone calls to identify the caller
by a device which displays the caller's telephone number.

Caller ID service is currently available in selected areas, yet their impact is being felt.
According to Sinclair, (1991), around three percent of the customers in the Washington D.C.
area now have this service; with the majority of users being businesses and government
agencies. The use of Caller ID has been credited with a decline in reported obscene phone
calls and a more efficient delivery of pizzas.

Two issues of privacy can be raised: (a) does a person have a right to know who is
calling them; and (b) does a person have a right to freely call another individual, business or
government agency without fear of having their number registered and recorded? Both
positions are being championed by various groups. -

Again, the implementation of this technology has already spawned legislative and
judicial action: California Statute c. 483, 1939 requires callers be notified of the possibility of
display and that they be able to withhold such display on a case-by-case basis without
charge. Pennsylvania's Supreme Court recently held that Caller ID services violated state and
federal constitutional privacy protections (Barasch v. Pennsylvania Utility Commission, Pa.
576 A 2nd 79. 1990). Given the discrepancy which exists between states' laws, and the
desire by telephone companies to expand this particular service, this issue will surely
continue to spark debate and must ultimately be decided in higher courts.

The First Amendment to the Constitution also protects ihe right of people to
peacefully assemble. The Fourth Amendment prohibits unreasonable searches and seizures.
Through the capability and expansion of surveillance technology by segments of our society.
the confidence of going about one's own business without the fear of being vvatched has
changed. Sloar: (1991) discussed this growth of teciinology when he stated: "states will have
the capabilities to strengthen their coercive capabilities, and instruments of control over their
citizens". He continued to caution, "on the other hand, the very same technology may help
lessen the importance of the state as the preeminent political actor and enable new non-state
actors to challenge the coercive power"(Sloan, 1991: 9). Galliti (1983) substantiated Sloan's
contention by reporting there are more private security employees than there are combined
federal, state and local law enforcement personnel. This has created a situatior: in which
surveillance by security cameras in stores, parking lots, theaters and other public places has
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affected our right to assemble, in subtle, yet threatening ways. This power of technology has

created the need to carefully balance the public's right to peacefully assemble and the public's
right to safety.

One court case related to the use of indiscriminate surveillance that stands out is Xatz
v. United States, (389 U.S. 347, 1967). In this case, the Court found that "the Fourth
Amendment protects people and not simply areas," and therefore, where a person
"justifiably relies" on privacy, it is an unreasonable search for the government to intrude
either physically or in any other manner without a warrant. Since that time, the explosion of
surveillance techniques kas produced different opinions from the courts. In People v.

Henderson, (220 Cal App.3d 1632, 270, 1990) the California Court of Appeals ruled that the
Fourth Amendment bars evidence gathered in warrantless videotaping. in a somewhat
conflicting decision, the New York Court of Appeals found in 1990 that random videotaping
of pedestrians for later identification by an attack victim was admissible evidence. Thus, it
seems the legality of surveillance directed specifically at an individual differs from the broader

use of surveillance on groups. Again, these issues will probably continue to be debated in the
courts.

Besides these examples of technology and the law, others are noted. Again, it is
cautioned that when using cases for the earlier-discussed student activity, sufficient
background information be obtained. This information is critical for setting the stage for
student debate. The following cases further illustrate receut technological advances and
capabilities are being subjected to judicial decisions.

» Can a computer operator claim damages from a public employer for not providing a safe
place to work? (carpal tunnel syndrome)

NO, Haririnia v. Amtrack 89-1431 DC. (1990). The court determined it was accepted
working conditions at the time.

» Can weather modification be done even though it may harm private property?

YES, Slutsky v City of New York 197 Misc. 730, 97 NYS 2nd 238 (1950). The public
need was found to be more important than private interests.

« Do you have property rights to your body parts, should they be removed during an
operation?

NO, Moore v The Regents of the University of California 51 Cal. 3rd (1990). The court
determined unless you are informed earlier, body parts may be used for medical research
without approval.

e Can DNA tests be admissible as evidence?

YES, State v Ford, 392 SE 2d 781 (1990). Although polygraph tests are not, it was
determined DNA testing is statistically reliable.
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» Is aerial photography or observation an invasion of privacy?
NO, California v Ciraolo, 476 U.S. 207 (1986). The open sky is not considered private
property.

Additional Applications

Although actual court cases have been used in this exercise, it is envisioned new cases,
not yet determined by the courts, can be designed for students to answer. For instance:

e What are the legal ramifications of the Genome Project to genetically "map" individuals?
¢ What limits of free speech exist with automatic telephone dialing machines?

» How long should medical technology keep people alive?

Hypothetical situations which may be more relevant to students' daily lives may include:

* Should a student's record located on computef files be available to employers?
Specifically, what information should be made available and for how long?

« Ifablood test was developed to check for alcohol, even one month after consumption,
should schools conduct random tests on students, as a requirement for graduation?

« Should students wear ID bracelets in order to be electronically located and monitored in
school?

These technologies can be analyzed and debated as to their impacts on the rights of

privacy and speech, protections from being a witness against oneself, or protections against
cruel and unusual punishments.

Conclusion

This paper presented examples of how the Constitution is coniinually being
interpretated due to new technological developments. These interpretations are made by the
judicial system which dete .ines our rights to privacy, speech and assembly. Through the
use of a simulated court with "judges”, students can actively participate in making decisions
about our technological society.

In order for students to understand the personal costs and benefits of technology,
educators involved in STS are advised to encourage activities and discussions of a
Constitutional nature. With such activities included in STS courses, students will gain a
better appreciation of their responsibility to ask questions, critique the issues, and participate
in our democratic process.
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TECHNOLOGICAL CITIZENSHIP AND
FUTURE GENERATIONS: THE SIMPLE GIFTS ETHIC

Philip J. Frankenfeld

The University of Chicage

1671 North Prospect avene #304
Milwaukee, W1 53202

(414) 562-4251

This paper have two purposes.

First, to present the name and idea of Technological Citizenship (TC) as a systematic,
participatory framework for STS and for work in scientific literacy. I will urge NASTS
members to adopt this name and its related terminology in their work on STS and
scientific literacy. I invite you to do so even if your specific views of meaningful
citizenship within tzchnological societies differ from mine.

Second, I will present the transgenerational leg of the citizenship frame. This is called
the Simple Gifts ethic. This addresses the potential problem that present generations wil
impose a world onto future laypeople and even experts which is so complex and rapidly
changing that the costs in time and effort of "keeping up" with it—of maintaining
scientific literacy about it—would be unduly burdensome.

L. Technological Citizenship

Quite frankly, the meaning of the term "Technological Citizenship" ought to be self-
evident. 1f not, I have failed in my mission to provide a singular, streamlined name for a
participatory framework for STS.

A. General Citizenship

As the name suggests, TC implies a citizenship. A citizenship is a form of membership,
status, standing or stature of equality of some sort of persons within a bounded realm.
This status is woven of righis and responsibilities. It is woven of a civic ethos. A
civic ethos is an wnderstanding of the realm's boundaries, workings, limitations,
interdependencies and of its tradeoffs; and of the limits on rights which they imply. Usually
this citizenship status affirms some overarching purpose or goal. In general, citizenship
probably achieves the goal of reconciling. 1t reconciles autonomy of the individual with
the reality of interdependence which collective life imposes. It ennobles the individual. It
does so by contextualizing, "cocooning" or "nesting" the individual within a greater whole.
This greater whole in turn guarantees the individual dignity and certainty. Frankly, not all
theories of citizenship profess that citizenship status holds any overarching value that is
greater than the sum of the parts. But in my deconstructive quest to "distill" everything,
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and to streamline and simplify it, I seek such single purposes [Barbalet 1988;
Bookchin 1987; Janowitz 1980; Banfield 1992; Turner 1986].

B. Technological Citizenship

What, then, is Technological Citizenship? TC is membership, status, standing or stature
within a bounded realm. The bounded realm in question is the one created by subjectivity
to the impacts of technologies; or to "technology" in the abstract. This status is
characterized by equality between experts and laypeople in the ability to comprehend
the impacts of the technologies around them. In the most :deal versions, TC also seeks
equality. between laypeople and experts in the ability to control technology's impacts; and
to verify their safety from impacts at any time [Frankenfeld 1992].

I. A. 1. Rights of TC
This TC status is woven of rights and duties. Rights of TC include:

* the rights to /nowledge about the existence of impacts of technologies
surrounding one—particularly hazardous impacts.

* the rights to ongoinr, knowlcdge about specific releases of hazards at all times.

* the rights to participate in the siting of technologies, in Technology Assessment
(TA) studies through which technologies are initially approved for use.

* the rights to participate in the detection of releases of harms. This may include
subsidies to groups or individuals for detection equipment and for epidemiological studies.
In my version, rights of TC might even include

* the rights to participate in setting broad societal research priorities. Thus,
the advent of any new, world-changing technology and its impacts can at least be claimed

to be subject to more "consent”" than at present; and thus can be claimed to be more
legitimate.
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The decision nodes controlling technologies which technological citizens have the right
to participate in are shown in Figure I
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The trick is to make participation in these decision nodes informed and meaningful.
Education programs of scientific literacy are probably a prerequisite. In my founding paper
on TC, I discuss other méasureés such as science courts and "Ulyssean procedural

saeguards" for ensuring that consent will be informed and “meaningful"
[Frankenfeld 1992].

L A. 2. Duties of Technological Citizenship
Duties of citizenship within complex societies include:

* the duty to assimilate and use the knowledge about how technologies work and
how science proceeds which one has a right to be provided through programs of scientifi:
literacy.

* the duty to actually use channels of participation which are provided.

* the duty to develop a civic ethos about the boundaries and limits of complex
society, of its interdependencies, its unity of benefits and costs and the tradeoffs between
costs and benefits which integrate the individual into the collectivity.

* the duty to exercise judgment when participating in decisions controlling
technological impacts. Judgment in this case involves paying attention to the fact that

‘technologies convey benefits as well as costs, duties as well as rights, onuses with
bonuses.

Bluntly, the single duty of being a citizen within technological society is to
acknowledge interdependence in all of its rich senses. It is to acknowledge
interdependence among humans, specifically between lays and experts. It is to
acknowledge interdependence between the society and technology itself. It is to
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acknowledge the fact that technology amplifies the impacts of human acts; and that this
increases 1.-rman interdependence.

L. A. 3. Overarching Goals of TC

Hence, if there is any overarching goal of TC, it is also a goal of reconciling. In
the founding articles on the model, T hold that the overarching goal of TC—as both an
ideal and descriptive/analytical frame—is to reconcile on the one hand, the goals of
continued technological dynamism--which is the value-neutral term for "progress" or
"advancement", terms which I avoid—and, on the other hand, individual autonomy,
dignity, and assimilation with other people and surroundings, as opposed to estrangement
and alienation from them. Stated differently, in the most abstract, anthropological terms,
the overarching goal of citizenship within technological society is to come to terms with
an increasingly distanciated societal division of labor. It is to come to terms with
the abstract concept of division of labor in general. Actually, TC's main goal is to get us
to stop using the word, "distanciated".

I. B. Examples

Citizenship within technological societies takes place within the sphere or bounded
realm of putative fechnological polities. Technological polities are constructs defined as
"spheres of subjectivity to the impacts of technologies—usually hazardous impacts=or of
technology in general". The techno-polity's “state", which enforces these rights and
responsibilities, varies in accordance with the scope of impact of the given technologies.

For meaningful citizenship within spheres of subjectivity to exist, there should exist
regulatory institutions which regulate the impacts of the given technology.
The jurisdictions of these institutions should be coterminous with the level of impact of
given technologies. These institutions must tben enforce rights and duties. They must give
meaning to the status of citizenship within the "technological polity". In advanced versions
of the model, these institutions should permit meaningful public participation in the siting
and detection of the technology at hand. In the most advanced forms of TC, they should
allow public participation in the very adven of technologies by scientists.

I. B. 1. Toxic Chemicals

Take for example the case of toxic chemicals. The unit of production and of emissions
of effluents is the chemical refining plant. The impacts of the pollution and benefits of a
chemical refining plant may transcend cities and counties. The institution charged with
the creation of scientific literacy on the plant's benefits or hazards might be, say, a state or
national EPA. Or it might be something at an unusual level of organization which is almost
exactly spatially coterminous with the emissions of the refining plant. An example might be
an Air Quality Management District [AQMD] or, say, a River Basin Authority. If deep,
thick, rich Technological Citizenship exists, subjects would actually have participation in
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the siting of such plants through this authority. They might receive their scientific literacy
training about the plant's and technology's workings, hazards, and benefits from this
authority. They might have some form of accountability over detection of the plant's
hazards and account over evacuation plans and other remedies through this agency; or via
public interest citizens groups organized appositionally to this statist agency.

L. B. 2. Nuclear Weapons

A second example is nuclear weapons. The sphere of subjectivity to the technology of
nuclear weapons is global in scope. The statist agency charged with information about
effects and paths of subjectivity and charged with preventing renegade developments of
weapons should also be global. An example of a global-level regulatory agency which
enforces citizen “"rights" and "creates" or "interpellates" citizens within this technology's
sphere is the IAEA [International Atomic Energy Agency]. The IAEA in fact detects and
prevents the further development of nuclear technologies by nations which currently lack
them. While it does not protect individuals per se against imperilment, it does address a
technological problem at the decision node of conversion of scientific know-how into
usable technology. In that sense, it is paradigmatic of a statist institution of technological
citizenship as defined.

While these statist institutions governing spheres of subjectivity to technological
impacts do not presently provide for participation by affected subjects in the control,
detection, remedy, siting and advent of the given technology, they potentially could in

the future as citizenship within these technospheres deepens, thickens, broadens.and
becomes richer.

1. The Simple Gifts Ethic

Across generations, people who will iive in the future ought to be able to participate in
the control, detection and remedy of technologies we impese upon them in the present.
They ought to benefit from permanent education institutions and trust funds to maintain
their scientific literacy about the technological hazards and benefits we impose upon thera.

But descendants cannot also participate in the siting nor advent of technological
hazards which impact them which forebears impose upon them. Many of these are
developed and sited in the present. They carry long life spans. Witness toxic chemical
wastes generated now which will still be potent centuries hence. Witness radioactive
wastes which ire generated now and will be potent for fens of thousands of years.
Technological know-how such as haw to create biological weapons which is devised by
forebears is almost completely irrever.itic. It is difficult to put such technological "genies"
back into bottles once they are released. Know-how cannot be collectively "forgotten".

TC holds out the hope that returning technological genies of perilous instruments to
their bottles is not completely impossible. It seeks to define criteria for how the seemingly
irreversible muclear age would be "ended". There have been proposals for this suggested
in the Bulletin of the Atomic Scientists for decades. Given the near total irreversiblity of
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perilous know-how, the nuclear age would likely only end when we found a conclusive
cure for physics. The Bulletin has also entertained schemes for identifying and preventing
the release of all future world-imperilling scientific and technological genies of
the magnitude of nuclear weaponry as early as possible in the continuum of development.
These schemes are similar to my Simple Gifts ethic.

Those technologies and know-how and their impacts which we devise and impose
today cannot be directly consented to by those who will live in the future; except perhaps
by proxy approvers called "ad litem" representatives. At the very best, such long-lived
impacts can only be "legitimated" through appeals to the social contract--the looser,
hypothetical covenant among members within a civilization in all generations which
governs and prescribes how each should be treated by the other in order for the societal
arrangement to be considered just or good. For example, long-term, even irreversible
technological impacts which forebears impose upon descendants may be considered
"legitimate" even though descendants do not directly consent to them if the procedures
under which they were imposed or devised are fundamentally legitimate.

Legitimacy might be based upon the fact that the innovation and siting procedures
consider future people's interests from their perspective through some sort of Rawlsian
scheme. A Rawlsian scheme [Rawls 1971}, as revised by Brian Barry [Barry 1989],
involves an equitable process for making decisions wherein participants would know all
impacts of such decisions on poor and rich, gifted and not, present or future generation,
but would nor know in which class or generation they would be. Fearing the worst, they
would choose those decisions which hurt the most vulnerable least, and whose costs and
benefits are most equitably distrivuted. "4’f ihe world's a stage, and all its players merely
seeking Equity minimum!" Or legitimacy might be claimed to exist because "legitimate”
procedures of scientific inquiry were used, a hollow consolation.

Different theorists hold different criteria for intergenerational legitimacy. What is
crucial is that we all use the language of the social contract, of contractarian legitimacy.
This usually involves concepts of "indirect consent", "hypothetical consent",
“proxy consent" or whatever. We should not use the language of citizenship or democracy
which implies legitimacy through actual, direct, explicit consent [MacLean 1986].

My Simple Gifts ethic [Frankenfeld 1993] delineates such a set of criteria for making

legitimate impositions of impacts of technologies across generations. Bluntly, these
criteria are quite stringent.

The ethic is concerned with avoiding the imposition cf an aggregate constellation of
hazards which is so great that future generations of experts and laypeople cannot
comprehend, govern it, detect it, cope with it or cope with the pace of change, and/or
financially afford the world we leave them. The ethic seeks to avoid imposing upon future
generations of laypeople and experts a relatively irreversible infrastructure for scientific
innovation which places them on a fast and accelerating freadmill of change with which
they cannot keep up.
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Bluntly, through this Simpie Gifts ethic, I do not seek to bequest future generations
the "gift" of a world which is as "simple" as ours; only one whose complexity and pace of
change is not absolutely overwhelming. I seek to create a social contract which permits us
to continue our most stringent ideals of scientific literacy for future generations without
overwhelming them, despite inevitably increasing complexification of the world around
them. Again, I seek to avoid the advent of world-imperilling scientific and technological
"genies". At the very least, I seek to develop a generic "geniology" for identifying which
lines of basic science are most likely to be most potent. I seek a homeostasis of
assimilation of people with their built world; or at least a homeostasis of the opportunity
for laypeople and experts to assiinilate.

. A. Specific Provisions of the Simple Gifts Ethic

I will present the provisions of the Simple Gifts (SG) ethic in a form that is well,
simple.

My formal journal article on the ethic, by contrast, couches the ethic ir impenetrable
neo-Lockean terms of “equal options" of free time. This involves leaving time for
descendants free from learning and participating in controlling that is "as much", "as good"
and "as accessible" as ours. If you crave the formal version of the ethic, I invite you to
read the original published paper and the book on transgenerational equity of material
resources by Edith Brown Weiss [Frankenfeld 1993; Weiss 1989].

There are essentially three major types of measures for creating the intergenerational
covenant of simple gifts:

(1) Substantive measures (gifts of substantive constellations of
technologies which are simple)

(2) Compensatory measuies (swaps)

(3) Participative-Legitimative measures (reins)

Reins can be supplemented by two other types of measures: (4) Gutright Caps upon
certain types of technologies and (5) Procedural Safeguards of informed consent. These
are for those deontologically-inclined risk ethicists who prefer Maginots to marginals and
the political thicket to the {Stephen] Breyer patch.

Gifts

Through gifts, we would bequeath to future generations the substantive gifts of
trust funds and other resources to guarantee continued programs of scientific literacy.
Through this, they would continue to meaningfully know about the technological hazards
and other impacts we leave. We would leave them trust funds to pay for the equipment for
monitoring and remedying the hazards and other impacts we leave them. This is similar to
actual, existing laws within CERCLA, the Comprehensive Environmental Resources
Conservation and Land-Use Act and the Superfund Act. The Superfund part of the Act
comes closest to internalizing the "costs of complexity" of technological hazards. It does
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so by placing the often complex and prohibitively costly burden of discovery--and often
uncertainly costly and open-endedly costly burden of discovery--on the potential offender.
The SG ethic is similar, but more comprehensive.

Swaps
Compensatory measures would entail:

(a) The withdrawal of equivalent installations and entire technologies from
use—although never know-how, as it can never be withdrawn or forgotten—in
order to offset advents of new perils;

(b) The devotion of some percentage of R&D (Research and Developinent) funds
for new, potentially hazardous technologies to studying the effects of existing
and potential environmental hazards. This is sometimes called balancing
innovation with assimilation; or balancing innovative research with diagnostic
research.

(c) A possible one-time halt of a// R&D until we "catch up" with our assimilation of
the entire extant stock of hazards to a level deemed sufficient. With an emphasis
on possible. This is quite controversial.

Through these "swaps", society will keep a rough homeostasis of layperson or expert
controllability vs. vuinerability despite a changing mix of techi:ologies.

Reins

Proceduralistic, participative-legitimative measures would include:

(a) Bruce Tonn's realistic/minimalist Court of Generations to permit suits by ad litem
representatives of future generations. This court would enjoin impositions of
disutilities upon future generations or sue for compensation (Tonn 1992). This
would include the yoking of future generations with greater perils and greater
regulatory burdens than ours.

(b) Channels of participation in:
—The ongoing monitoring of hazards we impose
—The siting of hazardous technologies we develop
—The approval of research by the relatively permanent R&D infrastructure we
impose;
—The relative size of the R&D infrastructure within the technological society so
that the R&D infrastructure we impose upon descendants does not remain,
insulate itself and metastasize through bureaucratic inertia creating an
accelerating treadmill of change. Reversibility through accountability is a
hallmark of democracy theory [iaslett and Fishkin 1992].

Controls would entail representatives ad Jitem of the interests of future generations in
present decisions on technology. Through these participative-legitimated procedures,
tuture perils and new worlds or technological "ages" such as the nuclear world or genetic
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engineering age, would be more validly approved than they are now. They would be more

legitimate than they are now. Such proxies might be expected to advocate the fourth type
of measure:

(4) Outright Caps, or the a priori avoidance of all technologies with specific
characteristics. These might include:
~Long-term and irreversible hazards such as chemical and radioactive wastes;
~The large-scale use of any unfamiliar technology, however seemingty benign
~Technologies vhose workings and detection of harms are only comprehensible to
experts. This will avoid imposing more and wider situations of subordination of
laypeople to experts and growing inequality between them and vulnerability by
laypeople to experts than now exist. It will avoid the greater subordination of experts

to society's stock of complex potential hazards than now exist. It pursues the goal of
collective informed consent.

Other characteristics of novel technologies and installations which ad litem
representatives would avoid imposing or would irapose only subsequent to showing
R&D and conducting rigorcus prospective Technology Assessment to foresee
consequences of each critical step—i.e., other criteria for caps—would include:

* Inherent harmfulness of a technology, defined by the number of people who can
be killed or afflicted in a single strike;

* Inherent potency, even if harmfulness is unknown . This is sought given that
technologies are so often double-edged swords;

* Inherent ieverage of the knowledge potentially disclosed by any R&D project
even when the harmfulness of any technology it may produce is unknown.
Leverage is the level of fundamentalness with which any knowledge probes
life or matter and allows manipulation of them.

* Inherent structural coraplexity of the mechanism of operation or media or
ecosystem through which harm is inflicted. Structural complexity is defined in
terms of the number of differentiated parts, times the variety of parts, times
the tightness of coupling. This seeks to avoid the creation of and penetration of
more world-imperilling genies equivalent to the nuclear genie. It seeks to induce

a generic "geniology" or study of which characteristics of technologies or
research are inherently perilous.

Some might wish to make these characteristic binding by imposing (5) Procedural
Safeguards to prohibit the very consideration of technologies with perilous characteristics.
They might wish to have procedural safeguards to guarantee collective informed consent
by laypeople and even experts, similar to informed consent procedures for individual
patients for treatments by physicians. The hypothetical scheme for implementing this is
quite peculiar [Frankenfeld 1992].
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I11. Your Role

Before we worry about imposing a world onto future generations that is not too
complex, our first concern is to attempt to approximate citizenship within generations.
The enterprise of STS and of scientific literacy within it which informs NASTS shouid be
concerned with informing existing laypeople of the complex technologies and science that

surrounds them. It should be concerned with pursuing the ideal of meaningful citizenship
within technological societies.

It is arguable that we will never attain the stringent, highly participatory ideal for
technological citizenship I have cutlined. We may never even achieve the looser
social contract for complex societies I have discussed. Perhaps the best we can do is to
improve programs of scientific literacy.

Still, I would argue that programs of scientific literacy hemselves would be improved if
they were nested into the larger ideal of citizenship. That way, the state would have a
clear, unambiguous, binding responsibility to provide information and to provide it in a
timely, comprehensible manner. Laypeople would have a binding right to this. They would
have a clear duty to learn what is presented to them and to use it in their active
participation. They would hold a clear duty to utilize information with judgment, neither
opposing every new installation which affects them in the NIMBY tradition nor accepting
each new one. Under my scheme for TC, there would be limits to how much laypeople
would be required to learn in order to be considered "meaningful" citizens within
technological societies. Also, "NIMBY" [unconditionally Not In My Backyard] would be
replaced by the more conditional "NUCLEUS" [possibly, but Not Unless Consent has
been Legitimately Expressed, Upstream/Understandingly by Stakeholders].

In short, TC would provide the deeper “why" for scientific literacy which it now lacks.
It would provide a single, clear name for the vague movements toward greater democracy
and public participation which some STS scholars and practitioners seek. This would
invest deeper and richer meaning to scientific literacy and STS. It might open research,
debate and practice on entirely different methods for reckoning with the current
distanciated division of labor within technological society such as improving and
tightening trust and trustworthiness and its rel2* d orientations of confidence and

reliability.
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THE PEOPLE FROM 'AWAY":
ENDING RACIAL AND ECONOMIC EXPLOITATION
IN THE SITING OF TOXIC WASTES
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We can here, I think, invcke a simple rule: that those who
command space can always control the politics of place even
though, and this is a vital corollary, it takes control of
some place to command space in the first instance.

David Harvey, The Condition of Postmodernity

The toxic remainders of contemporary extraction, production, transportation, and
waste treatment processes wind up somewhere. That 'somewhere' is increasingly near
the poor and people of color, throughout the world and in the United States. Though
environmental action has been associated with, and its goals and tactics restricted by,
white middle class constituencies, there have been in the last decade increased and often
spontaneous community organizing efforts in poor and minority U.S. neighborhoods.
These have focused on actual and potential waste storage sites and processing facilities
(incinerators, sludge conversion piants, etc.) in those communities.

We will broadly examine some of the factors contributing to this emergence,
particularly by using geographic and power considerations regarding space and place.
We will also consider the tactics which such groups employ, and something of how their
members come to take part in struggles for environmental justice

THE PRODUCTION AND PROFIT OF TOXICS

While it is a commonplace of progressive economics to explore the ways in which
capitalists extract profit (surplus value) from the efforts of workers, it is ecologically more
sound to recognize the series of 'extractions' that are used to produ = profit. There is first
the extraction of resources from the mineral and biomass systems of the earth. (Only
recently have preliminary ways of 'paying the earth' for its largesse -- site reclamation at
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mines, reforestation, use of renewable energy sources -- been consciously returned to
something of the priority they had among certain Paleolithic peoples.) The second
extraction is from the workers, that amount beyond what labor is paid and what the
productive processes cost, which owners accumulate for further investment, as Marx
argued.

The third and fourth extractions concern the residues of production, that non-
biodegradable 'stuff that must be put somewhere. The third extraction of surplus value is
from those persons and communities near or under or upon whom the residues are placed.
What is 'extracted' is their health, or the viability of their community, in unstated and non-
negotiated exchange for reduced post-production costs. The fourth extraction is from 'the
long-term future', those cultures, persons, animals, and plants often unborn who will yet
have to cope with this same 'stuff' decades, centuries, and miliennia from now, or who will
never be born because their ancestors were rendered inviable. These third and fourth
extractions are often classed as 'externalities’; but it is precisely their profit-making poten-
tial, their surplus value in other words, that makes them so desirable in the eyes of some.
Toxics, in other words, are a positive part of the profit equation of their producers. This
paper explores what happens when 'people of the third extraction', the people from 'away’,
demand their due, and seek to 'raise the price' of externalizing toxics.

We need to consider one other factor regarding the actual production of toxins. The
overall levels of pollution, and the amount of toxic wastes, have increased dramatically in
the years following World War 1l. As has been known for several decades, these
increases far exceed the combined growth in the population and in the econometrically-
measured standard of living. \*'hat accounts for the remaining pollution increases? A
series of cascading changes in agricultural methods, production technologies, and new
products that increasingly depart from historical, 'natural’ or labor-intensive methods by
increasing energy inputs, creating new chemicals and substances, and then emitting or
transporting these 'somewhere' (see Commoner, 1971:142-147). The continued holding
down of energy costs has allowed capitalist producers and state-command economies
alike, after recognizing the toxicity of these outputs, to more easily move them 'away'. The
question is: which 'away'?

THE GEOGRAPHY OF TOXICS

The Geography of Toxics World-wide

The wider pattern of industrialized nations using Third World countries as convenient
and compliant dumping grounds for industrial toxins and even some radioactive wastes is
now a well-documented commonplace (Anderson, 1988). Appropriate for its racial
implications in the U.S. is the fact that Africa has been especially exploited in this regard
(Schisse, 1988; World Press Review, 1988).

One effort to alter the pattern of exploitation is the Basel Convention, which was
drawn up to preclude the Third World from becoming the OECD's toxic dump of choice.
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In a sadly predictable development, the Convention has become instead the legitimaticn
of many facets of just that practice. Few of the original signatories have ratified the
agreement, with delays from the U.S., Canada, and all the European Community except
France. Further, OECD environmeéntal ministers have sought to develop a 'green list' of
acceptable-to-transport toxins (lead and cadmium, because they're recyclable; dioxin-
generating plastics, as they're not burned until arriving at the dump site, if then) meant to
circumvent the spirit of the convention (Webb, 1992).

Most revelatory of all was the recently leaked memo from the chief economist of the
Worid Bank, Lawrence Summers, in which he injudiciously defended the wisdom of
shipping toxics to low wage countries; affirmed them getting high pollution industries
because they are "vastly underpolluted"; and argued that, since they have a higher
mortality rate anyway, cancer-causing toxins will have "very little direct health impact...|
think the economic logic behind dumping a load of toxic waste in the lowest-wage country
is impeccable and we should face up to that" (Foster, 1993:10-11). Given the sizable
policy-setting impact which the World Bank and the IMF have cn so many Third World
nations and their poorer citizens, such an approach portends no likely change in who will
receive increasing amounts of toxins.

The Geography of Toxics in the United States

The details in the United States are consistent with world-wide patterns: 80% of
hazardous waste sites and pollution emitting facilities are in or near communities of color.
Fully 65% of Americans of color live in polluted communities (Fischer, 1993). "Mean
household income and the mean value of owner-occupied homes were not as significant
as the mean minority percentage of the population" in differentiating ZIP code areas with
greater or lesser numbers of hazardous waste facilities and large landfills (United Church
of Christ Commission for Racial Justice, 1987: 13). The racial impacts of toxic waste are
rather evenly distributed amongst Black, Hispanics, Native Americans, and Asian/Pacific
Islanders (Bullard et al., 1990: ). America, one might say, does provide equal opportunity
for toxic exposure to all its minority citizens.

An interesting confirmation of the connection of race and the location of hazardous
waste dumps has occurred in a working class suburb of New York. The town of Haver-
straw, having been built over mines from an earlier brick-making era, found that its
subsidence problems were remediable by land-filling with discarded wallboard. But
decomposing Sheetrock emits hydrogen sulfide fumes, which can prove fatal at high
dosage. A string of questionable business deals and irregular environmental permits led
to the construction of 18 homes, which were offered (without forewarning of the risks) to
Black and Hispanic families assumed to be "happy just to own a home". The now-
organized residents, having failed tc gain redress from various governmental units, feel
"robbed, robbed of everything we have...They used a piece of paper, a piece of legal
paper'(Gruson, 1993).

Toxic exposure is not confined to specific waste dumps or processing facilities.
Sometimes, serious toxic residues are literally at t.ome, lead paint being a prime example.
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Because the problem is so widespread, especially in older homes and apartments, and
particularly in poor and minority neighborhoods, the number of children with some degree
of lead poisoning is high and rising. With clean-up estimates using professional crews
sometimes ranging up to $145,000 for a home, and $20,000 per apartment, and with
entrepreneurs multiplying as the total U.S. clean-up is projected to cost $600 billion if
professionally done, the possibility is high that many will get very rich and the poor will get
lead. Depending on how EPA and state regulations are written, concerned parents who
are handy with home repair might be able to do this themselves, though how much this will
be promoted and explained is uncertain. What is surer is that a great deal of lead and
lead poisoning will further blight the lives of poor and minority children (Martin, 1993).

Another form of dumping plagues U.S. cities. Though not toxic until ignited, the
approximately 200 million tires that are scrapped every year in the U.S. are, because land-
fills are reluctant to accept them, increasingly winding up in huge mounds in poor urban
neighborhoods. While many repair shops and tire dealers properly dispose of the
carcasses (which are hauled to shredders for about $1 each), entrepreneurs frorn under-
ground economies sidestep state and federal regulations by hauling them away for half

that and then dumping them by the truckioads in the Bronx and similar low-income areas
(Marriot, 1993).

It is understandable, given these multiple forms of toxic assault which miriority and
poor communities are subject to in the U.S., that persons might expect the federal agency
responsible for protective efforts to be an advocate for environmental justice. Yet a recent
study published in the National Law Journal contends that the U.S. Environmental Protec-
tion Agency employs differential enforcement and legal methods depending on the racial
composition of the community in which the offending corporation or SuperFund site is
located. Among its-findings:

v/ Penalties for hazardous waste violations averaged six times higher if the site was
located in a white community;

v SuperFund sites in minority areas took longer to get on the list, and the start of
remedial action took longer;

v EPA-selected methods tended toward containment of hazardous wastes in minority
neighborhoods, but toward treatment in white communities (Associated Press, 1992).

As on the planet, so in the nation: the 'Third World' is wherever toxins and toxin genera-

tors create it.

REFLECTIONS ON SPACE AND PLACE

The geography of toxics, and of grassroots resistance to them, deserves further
attention. For the complex dynamics of place and space bear heavily on which pollutants
in which places can be confronted, and in what ways."
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The tangible by-products of former and current production processes, especially toxic
ones, are often substances that occupy an identifiable place. While they can be dispersed
into fluid systems -- rivers, oceans, sewers, the atmosphere -- they can also be spatially
contained in waste dumps or in storage containers or, as with some tragicomic episodes
regarding toxic ash, on barges roaming the high seas in search of a 'home'. It is precisely
spatial containment (or at least the toxins being in some identifiable zone) that allows
community organizing rather than issue-based organizing to take place. For the sake of
this discussion, let us call the spatial zone somehow within range of a particular toxin (or
toxin agglomeration, as is true for most dumps) the 'toxin-affected community'.

Places, communities conscious of themselves as communities, are constituted by a
combination of historical, racial and ethnic, economic, bureaucratic, and environmentai or
bioregional factors. Community organizing and mobilization efforts depend, in part, on the
prior existence, at some level of awareness among the affected residents, that they and
certain other persons in fact do constitute a 'human community'.

There is really a third set of actors on this geographic stage, namely, the bioregion
and its micro-environments. This is the 'biclogical' or 'ecological' community, whose
diversity and complexity are precisely its strength. Much industrial and human activity of
the last several centuries (especially since disconnecting from water, wind, and animals
as power sources) has been conducted oblivious to the 'place' which ecosystems form,
and has proceeded as if they were just a simple ‘space' in which economic activity ceuld
profitably be conducted.

How the 'toxin-affected community' intersects with 'human communities’, with the
'ecological community', and with 'industrial or commercial space' depends, in part, on the
nature of the tuxin. Some, like lead paint and radon, are usually so ubiquitous and local
(house or dwelling related), 2nd so overlain with the specific history of a building's mainte-
nance, as to make identification of a 'toxin-affected community' a difficult step. Others,
such as tire-dumping and spontaneous junkyards, are mobile in siting, episodic in
occurrence, and contributed to from so'many disposal streams as to make it highly difficult
to connect the site with any specific set of perpetrators.

Likewise, widespread airborne toxins, such as acid rain or the Chernobyl radiation
cloud, form 'toxin-affectea communities' so vast as to render community organizing efforts
«nd resistance if not impuossible, at least administratively quite complex. Acid rain and
Chernobyl differ critically, however, as regards the location and number of inputs. The
Chernobyl inputs came from a single source, several hundred feet in diameter (albeit one
that was typical of a specific type of Soviet nuclear reactor and a whole history of national
policies). Acid rain, however, has multiple inputs, with multiple and distinct structures of
accountability, spread out over hundreds or thousands of square miles.

Toxic waste storage or processing facilities create a more definable 'toxin-affected
community', one which, critically depending on the flows in the ecologic place, may be
roughly cotermincus with one or more human communities. Such a confluence of spatial
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communities renders neighborhood-based resistance more effective, and more likely than
in other configurations of 'toxin-affected communities'. It is arguably just this vulnerability
that prompted capitalists and state socialists alike to site toxic waste 'storage' in more
vulnerable communities.

If we might risk a generalization worth further research, it seems that the larger the
number of toxic inputs, the wider the region generating inputs, and the larger the 'toxin-
affected community', the more difficult the task, for bureaucrat or activist, of successfully
altering the problem. Whereas the fewer the number of inputs, or their being bounded by
a succinct perimeter, and the more previously self-identified as 'community’ are the
persons in the now 'toxin-affected area’, the easier the task of resistance. Depending on
the fabric of laws, there might be a lower bound here as well, below which the opportunity
costs of resistance climb: namely, in 'toxin-affected communities’ so smaill, or so fractured
into previously self-identified communities, that the necessary coalitions would be too
fragile or improbable as to make resistance likely.

As the opening aphorism from David Harvey suggests, power is critically connected
to the control both of space and of places. This is especially so given the history of
property rights in the U.S. For human communities to gain control of their place, to see
it as a place and not merely a space or sphere for economic activity, and to see them-
selves as legitimate residents and citizens of that place, is for them to exercise real and
ecologically-apt power.

Though his arguments concern the ways in which space is modified and controlied
by ever more globally-mobile capital, it is helpful to quote Harvey's (1990: 232-234) logic,
from which the above discussion in part derives:

Superior command over space has always been a vital aspect of class (and
intra-class) struggle...[Tlhe ability to influence the production of space is an
important means to augment social power. In material terms this means that
those who can affect the spatial distribution of investments ... in physical and
social infrastructures ... can often reap material rewards. ... Influence over the
ways of representing spaces, as well as the spaces of representation, can also
be important. If workers can be persuaded, for example, that space is an open
field of play for capital but a closed terrain for themselves, then a crucial
advantage accrues to the capitalists.

An illustration of the structuring of space via toxic storage occurs in the South Side
Chicago community of Altgeld Gardens. The neighborhood of 10,000 predominately
African-American citizens is constructed atop the landfill of human and industrial wastes
left from half a century of the Pullman railroad coach company. This location has since
‘attracted' at its periphery dozens of other landfills, so that it has "the greatest concentra-
tion of hazardous waste sites in the nation." Neighborhood activists have cdubbed this a
'toxic doughnut', with their homes 'in the hole' (Ervin 1992:15; United Church of Christ
Commission for Racial Justice, 1987: xiv,39). Given the foregoing discussion, and the
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epatial configuration of toxicity, it is not surprising that Altgeld Gardens is the site of
organized resistance.

ENVIRONMENTAL JUSTICE: THE 'Others' SPEAK FOR THEMSELVES

The first African-American protest of hazardous waste siting took place in Warren
County, North Carolina in 1982, when a site there was selected to store 32,000 cubic
yards of PCB-contaminated soil. Though the demonstrations, supported by the United
Church of Christ's Commission for Racial Justice, did not hait the site, they did:

(1) prompt an early GAO study on major toxic sites in the South;

(2) hasten the NAACP's 1983 adoption of its first-ever resolution on hazardous
wastes; and

(3) lead as well to the United Church of Christ's 1987 Toxic Wastes and Race in the
United States study (Bullard, 1990b:103, 105; Commission for Raciai Justice, 1987:
Xi).

Since then, an ongoing wave of environmentally focused justice actions and demon-
strations have taker place in minority communities, particularly in the South. These have
included Houston's middie class Northwood Manor neighborhood opposing the siting of
a toxic dump within 1,400 feet of the high school; Alsen, Louisiana's suit against a toxic
waste incinerator in the '‘chemical corridor' along the Mississippi River; and the more
recent Gulf Coast Tenants' Organization's "Second Great March Against Poison" focused
on the same chemical confluence on the Mississippi (Builard, 1990a: 50-54,65-69,76).

While the environmental movement that emerged in the U.S. in the 1960's was
viewed with considerable suspicion in minority communities "as a smoke screen to divert
attention and resources away from the important issue of the day -- white racism", and
such concerns as "wildlife and wilderness preservation, energy and resource conserva-
tion...were not high priority items on the civil rights agenda", the infiux of new and often
highly polluting industries and toxics facilities prompted some major changes in emphasis
(Bullard, 1990a: 31f). While the pattern of industrial siting was initially welcomed in poor,
Black, Southern communities, with local toxic burdens being seen as the trade-off for jobs
and economic growth, the promised jobs often didn't appear, and environmental quality
sagged further. Increasingly the issue is now recast in terms of why the costs are localized
while the benefits are dispersed eisewhere. Bullard suggests that the following questions
have come to the fore: "Are the costs borne by the Black community imposed on them to
spare the larger community? Can environmental inequities (resulting from industrial siting
decisions) be compensated? What are 'acceptable’ risks?" (Bullard, 1990b: 109).

As suggested earlier, the patterns of siting of toxic wastes world-wide tend to run
overtly on cost minimization principles. Yet it is perhaps more accurate to see this as
decided by conflict minimization principles, i.e., whocver lacks the operational citizenship
strength to resist the generators of toxins is most likely to get them. Thus 'Third World'
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locations, explicitly including poor and urban and so-c¢alled 'minority' communities in the
~U.S., have chosen to raise the conflict quotient to fend off toxic dumps.

The Benefits and Tactics of Resistance

Organizing around toxics in minority communities has come to display a number of advan-
tages beyond the usual benefits of community organizing:

® |t taps the natural NIMBY mindset. Although the 'NIMBY' resistance within
middle-class white communities has often been converted to the 'PIBBY’ principle,
'Put In Blacks' BackYard', this maneuver, initially tolerated by African-Americans, is

increasingly resisted.? Some have suggested that a befter slogan is "Not In Anyone's
Backyard!"

® Itinvolves a phenomenon sufficiently widespread to allow for linkages across
:he US. Due to the racial pattern of siting of toxic waste, there is obvious potential
for trans-cultural cooperation, particularly amongst African-American, Latino, and
Native American populations.

Rev. Benjamin Chavis' recent appointment as executive director of the NAACP
means that a long-term civil rights' activist with a solid grounding in the racial and
class-based structure of environmental toxins and abuse now heads the largest civil
rights organization in the U.S. It is likely that an ongoing racial and environmental
justice emphasis will be nurtured and developed, enlightened by Chavis' own involve-
ment in toxic justice reports and actions. But one leader does not resolve a long-
standing breach in justice activism. As Michael Fischer has pointed out, a number
of recent major environmental conferences (in San Jose, CA; Washington, D.C.; and
New Orieans, LA) each had 60-80% minority involvement, with those percentages

representing not a handful but many hundreds of persons (Fischer, 1993; Schneider,
1993).

@ |t has a secondary support structure, especially in the technical expertise of the
traditional environmental movements. Those groups, precisely because they have
been distinctly white and middle-class, are becoming more sensitive to expanding
their constituencies and working with minority communities.*

® There is a growing bady of supportive law and precedent, not least the national
toxic waste laws and SuperFund cleanup, that allows communities to pursue legal
remedies with some hope of redress.

While, as mentioned above, the support of the EPA has recently been ques-
tioned on grounds of racial equity, there is some success with the filing of lawsuits,
particularly at the state and local levels (Tsao-Naikang, 1992). Different legal reme-
dies exist that minority communities may pursue to preclude the development of new
toxic waste sites in their area if they already have too many sites for racial equity.
Such siting constitutes racial discrimination analogous to any municipal service, and
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remedies exist in common, state, and constitutional law.

® The 'conceptual landscape' of the probiem, in which large corporations and
municipalities attempt to inflict the ‘down-side reality’ of technology upon poor
communities world-wide and upon the earth and its ecosystems, provides inherently
rich opportunities for self-education and consciousness raising of a systemic,
economic, political, and ecologic sort within those poor communities. It has, in other
words, creative counter-systemic potential as well as the more constrained anti-
systemic posture. It also can teach middle-class allies about the class structure of
their society.

@® The development of local ~itizens' technical knowledge; the demystification of
corporation scientists' allegediy 'value-free' "technical decision[s] based on cost
evaluation, risk assessments and engineering/scientific calculations, not on 'emo-
tional' or 'political’ decisions"; the formation of networks of 'citizen experts' to sustain
local grass-roots efforts with carefully researched analyses of the environmental and
health risks, and the economic consequences, that recur in one iocality after another
(Blumberg & Gottlieb, 1990).

It would be naive in the extreme to think that, for example, the waste-incinerator
industry has remained silent in the face of growing challenges from communities surround-
ing potential, profitable sites. They have come to employ a range of tactics such as using
complex information, to be interpreted only by 'technical experts’, many of whom are em-
ployed by the waste disposal industry, to evaluate risk factors by methods often guaran-
teed to provide answers consistent with their employers or colleagues viewpoints. Some
in the industry are also filing lawsuits "against community activists, adding an additional
layer of expertise-related intimidation"(Blumberg & Gottlieb, 1990, 742f). While most
would hesitate to call this reaction a benefit to community groups, it does further reveal
corporate wiles and the need for open public information and debate on questions often
well concealed.

Yet one response by urban minoi ..y communities to the waste incinerator industry
provides a highly provocative example of what a 'neighborhood alliance' can do. |t starts
in Brooklyn, at the site of the proposed Williamsburg-Greenpoint incinerator (Johnson,
1993). The 'toxin-affected community’, typical of urban spaces, is an all-too-frequently
conflicted mix of African-American, Puerto Rican, ltalian, and Jewish neighborhoods. Yet
the local Community Alliance for the Environment (CAFE) has brought together, for the first
time, this racially and ethnically diverse set of communities to fight the siting. Further,
becruse the incinerator construction and administration is to be done by Wheelabrator
(whose parent, Waste Management, Inc.[WMI], is one of the largest incinerator operators
in the U.S.), CAFE has begun to develop a dispersed-sites' coalition with other communi-
ties in the U.S. that either have or are threatened with a WMI waste-disposal incinerator.
The organizing frame, in other words, is all the neighborhoods, wherever they're located,
affected by a WMl facility, a coalition with a potential membership in the millions of people.
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This expanded cognitive frame is astute as to the role of capital in the creation of this
'wider neighborhood'. Rather than form an alliance with 'all toxin-affected communities in
New York State' (which would have certain benefits in state court litigation) or even 'all
incinerator sites in minority communities', CAFE has defined the 'enemy' as a particular
corporation and its operational practices wherever they are sited. As tfve globalization of
capital proceeds, CAFE's expanded frame for collective action creates a highly appropri-
ate if logistically complex redefinition of 'place’, of 'neighborhood' and of 'ally": Everyone
who lives near, downwind, or downstream of a WMI incinerator lives in 'our place’. They
are our neighbors.

CONCLUSION AND PROSPECT

In assessing newly emerging community-based environmental activism within
minority constituencies in the United States, we have seen that careful attention to the
economic and spatial motives behind corporate efforts to site toxic waste dumps in minority
neighborhoods helps to explain some of the dynamics of such confrontations. |If we add
this to the history of civil rights/environmental relations, it is not surprising that minority
invelvement in other 'environmental movement' issues has shown little ripple effect growth.
That is not to say that minority persons are unconcerned with such things as resource
conservation and wildlife; in many years of working in minority urban communities, the
author has not found that to be so. It is to say that, for many, the tasks of living and
surviving in a racist and classist society take much of their available strength. Protest
actions need to be 'closer to home', to the place known as 'community’, to engage
sustained involvement (although the CAFE example suggests an effective means of
extending 'local' to a powerfully wide stage).

What is developing may become a people of color alternative environmentalism,
which brings ecological issues, particularly toxics, into a larger, more holistic, mix of social
justice concerns. What is emerging are networks of minority activists mindful of but
somewhat functioning outside the hegemony of white environmentalism. While | bave
seen only scant evidence of direct cooperative linkages to Third World struggles, the con-
sciousness is certainly there. Yet the commonality of North America as place, as a system
of bioregions, as well as the shared language and interwoven history, even the convoluted
effects of media, may lead African-American, Latino and Native American environmental
justice advccates to rely more on one another than on 'official Third World' allies. Wheather
Euro-American environmentalism will respond constructively to the emergence of such a
powerful and critical ally, with a larger justice agenda, is unclear.

.

NOTES

1. One critical factor regularly ignored in community organizing literature (though often tacitly
confronted by organizers) is what geographers call the spatial form of a problem. Having consulted
a number of community organizing texts, both scholarly and practical, | have been unable to find any
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clear exposition and few references to the fundamental role that spatial forms and humanly
perceived places play in the construction of specific community problems, in the types of resistance
which certain spatial forms require or preclude, and in the spatial confinurations and consequences
of possible or desirable outcomes. This discussion is, therefore, exploratory and theoretic within the
domain of community organizing and toxics.

2. Bullard,1990a: 5. Particularly in ithe U.S. South during the 1870's, when strong efforts were
being made to increase the industrial base and lure various corporations to relocate in the region,
"many civil rights advocates, business leaders and political officials...relaxed enforcement of poliution
standards and environmental regulations, and often looked the other way when violations were
discovered." All but one of the states that "led the nation in attracting polluting industries (e.g. paper,
chemical, and waste disposal) in the 1970s were ... Texas, South Carolina, North Carolina, and
Florida. (Bullard, 1990b: 102.)

3. This 'advantage' is more in process of emerging than a given reality. In the introduction to
Bullard et al. (1990:3) the Panos Institute's Dana A. Alston points out that the more holistic approach
of minority environmental groups that integrates environmental concerns into "a broader agenda [of]
social, racial, and economic justice" has occasioned "conflict with the mainstream environmental
movement, which people of color perceived to be mostly White, middle and upper class, and
insensitive to the needs and agendas of minorities" and remiss in hiring people of color onto their
own staffs. The tension is similar to that which progressive activists have long had with mainstream
environmentalists: "During its formative stages, [environmentalism] was viewed as an ¢stablishment-
sponsored effort to divert attention from more fundamentatl (and potentially Leftist) issues such as
civil rights and military involvement ... This negative appraisal ... was reinforced by Leftists' concerns
with environmentalists' class position, political ideclogy, ... and dependence on strategies that
appeared to be minimally disruptive." (Gale, 1983: 179).
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CONSTRUCTING SPACE: THE SHAPING AND
USES OF THE NASA-CIRSSE TWO-ARM ROBOTIC TESTBED
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Troy, NY, 12180-3950, {518)-276-8503

I have examined one group of enginzers in an academic research center and their
attempt to develop a large robotic demonstration platform over the course of several years.
The engineers were members of the NASA-sponsored Center for Intelligent Robotic Systems
for Space Exploration (CIRSSE) at Rensselaer Polytechnic Institute (RPI), and they attempted

to develop an autonomous, two-arm robotic testbed to simulate space-based construction using
theories of intelligent control.

I begin by explaining how the negotiations of CIRSSE researchers amongst themselves
and with their NASA sponsors helped to shape the form and function of the robotic testbed
during its development, but were not the only factors involved. Then, I examine how
researchers used the robotic testbed to legitimate their research to their NASA sponsors and
attract new resources, and how they organized their developmental efforts to allow students to
graduate and researchers to produce publications. By using the robotic testbed for so many
diverse missions, CIRSSE researchers were able to temporarily create a space in which they
could operate with a great amount of autonomy. However, as researchers developed the
robotic testbed more, it became less flexible, and eventually it became a hindrance to CIRSSE
researchers as they tried to negotiate with NASA personnel and adapt the relationship to
changing conditions. Finally, I will briefly explore some of the implications of this form of
specific-application-oriented funding for academic researchers.

CIRSSE was formed as part of the NASA University Space Engineering Research
Center (USERC) program in July 1988, and it remained a NASA-USERC until October 31.
1992, at which time the original grant expired. During the 52 months that CIRSSE researchers
were part of the USERC program, they began to develop a two-arm robotic testbed for the
purpose of demonstrating intelligently controlled autonomous construction in space. Over the
course of its development, the robotic testbed became central to almost all activities at CIRSSE
and represented the link between CIRSSE and NASA, despite the fact that researchers had not
developed it to the point that it could be used to demonstrate intelligently controlled
autonomous construction, even by the end of the NASA-USERC grant.

Initial Plans

The form and capabilities (or planned capabilities) of the CIRSSE robotic testbed were
the results of many factors. The most significant of those many factors were the agendas of
the two main organizations involved -- CIRSSE researchers and NASA personnel --
negotiations that took place among the two groups and between them, the shared thought style
(Fleek 1981) of CIRSSE researchers, and contingent constraints that arose during development.
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The USERC program was established during NASA’s reorganization foli wing the
Challenger explosion. NASA provided seed money to establish the centers, which were
expected to produce space-oriented researchers and technoiogies, and eventually become self-
sustaining by creating ties with industry. The RPI faculty who drafted the proposal to form
CIRSSE were members (and so most of their students were as well) of a Robotics and
Automation Laboratory (RAL). The RAL was a loosely connected organization that served
as a thought collective for its members. They shared common research interests (intelligent
machines for robotics and automation) and common perceptions of where their research could
be applied (industrial manufacturing settings). The USERC program offered CIRSSE
researchers a chance to support a wide variety of research projects and the integration of them
on a scale that small grant support could not. The researchers’ strategy was to create a
demonstration that was both an integration of much of their on-going work and of interest to
NASA. CIRSSE researchers presented the robotic testbed to NASA as a method of
demonstrating assembly, disassembly, and repair in space. However, the shared thought style
of the RAL researchers led them to approach the problem of proposing a robotics task to
NASA as they would propose an industrial manufacturing task.

Researchers’ initial conception of the robotic testbed (Figure 1) was of two standard six-
link manufacturing robot arms placed on a single platform, which would have the ability to
move with six degrees-of-freedom, and controlled using the theories of intelligent control that
they had developed. The planned robotic testbed would have allowed CIRSSE researchers to
demonstrate intelligent control, and also require them to apply many other research projects,
such as planning for assembly tasks and dual arm control, as well. (Having the two robot arms
on a single, movable platform would allow CIRSSE researchers to design their controllers for’
the system as if it were floating in space.) Meanwhile, intelligent controllers and planning
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algorithms for autonomous construction were of interest to NASA personnel since the robotic

testbed was similar to the Flight Telerobotic Servicer (FTS) that NASA had proposed to
construct the planned space station.

CIRSSE researchers had negotiated among themselves o determine the plans for the
robotic testbed, but their plans were influenced very strongly by their perception of the type
of technologies NASA personnel were interested in, as well as their desire to continue on-going
research projects, and their shared thought style. NASA personnel also negotiated internally,
and eventually selected nine of the 115 proposals that were submitted in response to the
USERC program notice, one of which was for CIRSSE. NASA’s acceptance of the CIRSSE
proposal was an implicit statement that NASA personnel had agreed that CIRSSE researchers
were likely to produce something that was of interest to NASA. However, later events implied
that the two groups did not share a common conception of what the robotic testbed would
eventually be capable of demonstrating and the value of that demonstration.

The Changing Path of Development

The initiai proposal set a development path for CIRSSE researchers and their robotic
testbed, but the plan as it existed on paper and in their minds did not hold up to the
contingencies of the laboratory. . Significant problems arose when researchers attempted to
purchase a platform for the robotic testbed. The performance specifications they had agreed
upon required a platform that had six degree-of-freedom controlled motion capabilities, with
a movement response rate at least equal to the end effectors of the robot arms, fit inside an
available laboratory, and cost no more than $70,000. The platform that rescarchers required
did not exist (except in their minds). All commercially available platforms failed on at least
one, and usually more of the aforementioned requirements.

s,

o
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Figure 2: CIRSSE robotic testbed as constructed
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The dilemma was apparent to researchers within six months of the beginning of the
grant, and different potential solutions were mentioned to NASA in a status report (although
input from NASA was not solicited). CIRSSE researchers settled upon a compromise and
selected a demonstration project. The combination of the two is important. Researchers chose
to purchase a system with two separate platforms on a common rail (Figure 2). Each of the
separate platforms had only three degrees-of-freedom (including the rail), but met the other
requirements of reaction speed, size, and cost. Equally important, the platform allowed
CIRSSE researchers to continue with most of their plans. They were still able to integrate, and
hence support the smaller projects that had made up much of the work in the RAL prior to the
NASA grant. As a result, they did not have to significantly alter their approach to the problem,
and they would still have had a complex system under intelligent control if they had been
successful. What they sacrificed was the ability to simulate construction in space by an
unfettered two-arm robotic platform. This left the link between the robotic testbed and space
missions (and bznce NASA) much less readily apparent.

CIRSSE researchers solved this problem by selecting a demonstration project for the
robotic testbed. What they elected to do was have the robotic testbed autonomously construct
a tetrahedron out of struts and nodes. This mimicked (on a much smaller scale) what NASA
was proposing to have the FTS do during the construction of the proposed srace station. In
some ways this linked the robotic testbed (and hence CIRSSE) more closely to NASA than the
original plan did, but it did so by attaching the work at CIRSSE to a specific mission, rather
than to a generic capability that might be applied to several missions. The platform was not
delivered to CIRSSE until April 1990, 21 months after the beginning of the grant, but by
selecting and ordering it, CIRSSE researchers started down a path that would prove difficult
to diverge from at a later date.

Using the Robotic Testbed

Once they acquired a platform for the robotic testbed, CIRSSE researchers made
extensive use of the robotic testbed in almost all laboratory activities. Before the platform was
delivered, CIRSSE researchers were able to operate with very little input from NASA, but were
unable to carry out many of their own plans due to the lack of proper equipment. After the
platform was delivered, CIRSSE researchers continued to enjoy research autonomy, and they
were able to tegin to integrate their many independent projects into a single large demonstra-
tion. Meanwhile, CIRSSE researchers began to make more use of the robotic testbed in other
facets of laboratory activity. More and more, they used it to legitimate smaller projects to
NASA personnel, to atiract new resources, and to augment their publication rate and allow
students to graduate in reasonable periods of time.

Legitimating Research

CIRSSE researchers used the robotic testbed to legitimate much of their research to
NASA personnel. The developmental plan CIRSSE researchers adopted for the robotic testbed
reflected a compromise between their varied goals and their organizational and institutional
commitments. As part of this compromise, researchers used the robotic testbed’s development
as a means to allow them to continue funding research projects that were already underway

45




38

when the CIRSSE grant began. Three research projects that served as good examples were
adaptive control, petri nets representations of assembly tasks, and assembly planning. All three

were research topics being studied in the RAL that researchers adapted to the CIRSSE mission
and continued.

Linking research programs that were already underway to the robotic testbed
development allowed researchers to continue work on them; the robotic testbed project
provided funding and a convenient case study to examine. Various research projects from the
RAL were adapted to fit into the robotic testbed development project. They were not,
however, the only available means to accomplish the tasks at hand. Even within the constraints
of the CIRSSE intelligent control structure (itself an on-going research topic) and the desired
form and capabilities of the robotic testbed, there were multiple choices available for the form
and function of various subsystems tiat were to make up the intelligently controlled robotic
testbed. Many of the subsystem forms were, it seems, chosen because they were familiar and
grounded in on-going research, not because they were thought best for accomplishing the
project in the most efficient or space-like manner.

Obtaining Resources

CIRSSE researchers used the robotic testbed to legitimate smaller project research from
the initial proposal until the end of the NASA grant. The delivery of the platform. for the
robotic testbed effected their ability to legitimate other projects, but not as much as it effected
their ability to use the robotic testbed to attract new resources. Once CIRSSE researchers had
obtained all of the major hardware portions of the robotic testbed it became much easier to
advertise, even if it did not work as they eventually expected it would, and so they used it to
represent research at the Center.

The most striking way to ascertain how CIRSSE researchers used the robotic testbed
to represent the Center is to examine how they used it in public relations materials. Such
descriptive brochures contained only the most superficial descriptions of the research that took
place at CIRSSE. This created an idealized image of the laboratory that left the actual status
of research projects unclear. Yet such descriptions were the Center’s face shown to the outside
world, and served to attract resources such as new members and new sponsors. For example,
one brochure was sent to prospective graduate students to attract them to the Center by
introducing them to the rudiments of the laboratory and its research (it could also be shown
to potential sponsors). What made these brochures effective for CIRSSE researchers was the
use of specific pictures combined with generic descriptions of the laboratory that were related
to, but did not explicitly explain the pictures.

There were two descriptive brochures featuring CIRSSE, both produced during 1991,
after all of the major equipment portions of the robotic testbed were in place. One was a
brochure produced by NASA to explain the USERC program, which included a single page
(two-sided) pullout on each Center in the program. The other, produced by CIRSSE, was a
twelve page (plus cover) pamphlet specifically about CIRSSE. What was immediately notable
about both was the prominence of pictures of the robotic testbed and the space-truss assembly
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demonstration, either the actual entity, in whole or in part, or computer images of the idealized
version that was described in the original proposal.

There were two pictures in the CIRSSE portion of the USERC brochure, and both
“included versions of the robotic testbed. One was a computer model of an ideal version of the
robotic testbed (i.e., the one originally proposed) attaching two struts together. The other
showed a portion of each of the robot arms, including the grippers, on one side of the picture,
and two researchers on the other. In addition, there was a computer in the background with
an image of a two-arm platform on the screen. Actually, the researchers were on the platform
in a place they normally would not be (at least when the robotic testbed was operating), and
the computer terminal had been turned around from its normal operating position for the
picture. Moreover, there was no direct relation between the image that was on the computer
screen and the actual robotic testbed. Inferences drawn from the picture could lead to very
inaccurate conclusions as to how researchers interacted with the robotic testbed, both directly
and via computer interfaces. The iinages associated the work at CIRSSE with the robotic
testbed and the assembly of space-truss structures, without giving any feel for or description
of what the robotic testbed was actually capable of at the time.

The brochure that described only CIRSSE used images of the robotic testbed in a
similar manner. Six of the twelve photographs in the brochure included some portion or image
of the robotic testbed (another was a computer image of a truss assembly sequence). The most
striking picture showed one arm attaching the final strut intc a tetrahedron that the other arm
was holding onto. This picture was included with a description ot the robotic testbed. This
picture was remarkable in that the robotic testbed had not been developed enough so that it
could construct a tetrahedron out of struts and nodes without being remotely operated by a
human. However, since both new members (mostly in the form of graduate students) and a
continued influx of funding from sponsors new and old were essential for the Center’s survival,
from the point of view of representing and selling CIRSSE, advertising based on where the
Center was trying to go made perfect sense. Using pictures of the robotic testbed gave readers

concrete impressions to go with the descriptions of the research at CIRSSE, without fully
explaining anything.

Producing Research Output

CIRSSE researchers required legitimacy and resources to continue with their work, and
they used the robotic testbed to secure both of them. In addition, CIRSSE researchers used
their developmental efforts on the robotic testbed to enhance their publication rate and to allow
students to graduate efficiently. Publications and trained researchers were two types of output
that CIRSSE was expected to produce as an academic research center. Such research centers
are also frequently expected to produce techriques and technologies as well. In the case of
CIRSSE. researchers were expected to develop the robotic testbed into a useful simulation
platform. These three types of research production are obviously interdependent upon one
another, yet they remain distinct -- researchers could pursue one at the expense of the others.
Whether any one form of research output is more important to a researcher or organization than
the others is a function of the standpoint of the researcher or organization. For their part,
publications from USERCs were less valuable to NASA engineers and administrators than
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other forms of research output from the various centers. Technologies, techniques, and
researchers were more tangible, and therefore immediately useful. For researchers at CIRSSE,
all forms of research output were important to the point that they couid not afford to have the
extended development of the robotic testbed halt other forms of research output.

What CIRSSE researchers did was use their developmental efforts on the robotic testbed
to produce publications and help students complete their graduate work. To further elaborate
on the production of research output at CIRSSE, I have examined the work on the development
of grippers for the robotic testbed more closely. Three students, two graduate and one
undergraduate, were directly involved in the CIRSSE gripper project, along with two faculty
members, between the summers of 1989 and 1991. One student was given the task of the
mechanical redesign of the grippers (which were made shorter, lighter, and designed
specifically to pick up struts). Once the mechanical design had been completed, and the
grippers constructed, one graduate student and one undergraduate student, were respectively
given the tasks of writing the gripper controller software and choosing and building the
electronics. Along with completing the work assigned, the latter two students used their results
as a thesis and a senior project. In addition, the work of all three students was used to write
a paper on the grippers, which was presented at a conference. Furthermore, the thesis, the
senior project, and the conference paper were also published as CIRSSE reports. Thus, in the
course of getting grippers for the robotic testbed designed, operating, and integrated into the
robotic testbed, two students fulfilled requirements for graduation, and one conference paper
and three reports were produced.

A New Round of Negotiations

CIRSSE researchers were able to use the robotic testbed to legitimate their work, to
attract new resources, and to enhance their research production, mostly because they were able
to operate with a high degree of autonomy in their relationship with NASA. CIRSSE
researchers obtained their autonomy from NASA through the agreement that members of the
two organizations had reached regarding the future usefulness of the robotic testbed. The
agreement had allowed CIRSSE researchers to develop the robotic testbed as they saw fit, and
even to alter the design when their original one proved to be unworkable. However, members
of the two organizations did not share the same conception of how the robotic testbed linked
CIRSSE to NASA. For CIRSSE members, the testbed itself was the link, but for NASA
personnel it was the demonstration project -- the autonomous construction of a space-station-
like truss -- that linked the two organizations together.

The agreement began to crumble on April 16, 1991, when NASA administrators
announced a change in the space station construction plans (US Congress 1991: 22). The
station was now to be constructed on the ground and taken into orbit in sections, which were
to be attached to each other in space. The mission that strongly linked the robotic testbed, and
with it CIRSSE, to NASA no longer existed. This event was coupled with a general reduction
in NASA budgets, which put more pressure on NASA personnel to demonstrate that resources
were being used wisely.
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What followed the change in the space station plans was an aborted negotiation between
NASA and CIRSSE personnel as to how the robotic testbed (and CIRSSE) would fit into
NASA plans. The main incidents in the negotiation were: a status report by CIRSSE members,
a site visit to CIRSSE by a NASA review team and a report based upon the visit, un official
reply to the review report and a proposal to cover the next five years of research at CIRSSE
(the original grant was due to expire October 31, 1992), and a NASA peer review team
evaluation of the CIRSSE proposal. 1 refer to the negotiation as aborted, because NASA
personnel decided not to renew the CIRSSE grant before members of the two organizations had
reached an agreement on what the future of the robotic testbed was to be.

People in both organizations attempted to influence those in the other in order to define
the organizational relationship to fit their own needs. For CIRSSE researchers the robotic
testbed was the link to NASA. It was also the focal point of almost all of the projects
underway in the Center. Most of the theoretical projects had their applications oriented
towards it, and many other projects were directly related to its development. This meant that
significant changes to the robotic testbed had the potential to effect almost all research
underway at CIRSSE, and in many cases significant changes to the testbed would have led to
researchers’ abandonment of other projects. The task for CIRSSE researchers became
convincing NASA persoznel that the robotic testbed was indeed useful for space robotics
research, specifically research that was relevant to upcoming NASA missions. The difficulty
for CIRSSE researchers was that the robotic testbed’s form was concretely established and
difficult to alter, and most of the work at the Center was intertwined with it. CIRSSE
researchers were willing to make changes to the robotic testbed, but only superficial changes

that would not require significant alterations to the myriad of projects that were underway and
attached to it.

CIRSSE researchers initially attempted to legitimate the robotic platform as it was, but
that plan me* with criticism from NASA personnel that CIRSSE researchers lacked a firm plan
and leadership. In response, CIRSSE researchers subtly redefined the robotic testbed as a
planetary construction simulation platform, without changing it, and announced plans to make
the laboratory which housed the robotic testbed more "planet-like" by cluttering the work
surface and varying the lighting conditions. The only significant change that CIRSSE
researchers proposed in the short-term was to change the upper levels of the intelligent coutrol
hierarchy so that the robotic testbed could be telesupervised as well as operate autonomously.
This served two direct purposes. First, it was a simpler task for CIRSSE researchers to
accomplish. Second, NASA was more prone to using systems with human involvement than

fully autonomous systems for the types of missions CIRSSE researchers were trying to
simulate.

NASA personnel did not accept CIRSSE researchers’ redefinition of the purpose of the
robotic testbed, but recall that they had not viewed it in the same manner to begin with.
Whereas CIRSSE researchers considered the testbed itself to be the link to NASA, NASA
personnel had considered the truss construction demonstration project to be the tangible product
from the Center. Thus, when the space station construction plans were altered, NASA
personnel expected CIRSSE researchers to come up with a demonstration that was directly
applicable to NASA, or even better, a mission usable technology. However, the demonstration
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project had effectively become part of the robotic testbed, portions of the testbed had been
designed and built specifically to accomplish that task. Therefore, to CIRSSE researchers,

abandoning the truss assembly demonstration was equivalent to fundamentally altering the
robotic testbed.

Negotiations regarding the future of the robotic testbed ended abruptly when the
USERC program director, faced with the choice of cutting funding to all centers or defunding
one completely and leaving the rest alone due to a shrinking budget, decided that the CIRSSE
grant would not be renewed upon its expiration. This decision left CIRSSE researchers with
a large, partially completed robotic simulation platform that was structurally linked to space
research, and no external interest in supporting its completion.

Conclusions

The robotic testbed was both a product of and a major part of CIRSSE. CIRSSE
researchers used it in multiple ways, and most of the research at CIRSSE was related to it in
some manner. Furthermore, the robotic testbed owed much of its form to the results of
negotiations between CIRSSE and NASA personnel, CIRSSE researchers’ assessments of
NASA needs, their research agenda, and their shared thought style. Yet social negotiation was
not the only factor that affected the form and function of the robotic testbed. Initially, changes
resulted from researchers’ reactions to contingent constraints that they had to account for. The
constraints were not static, but researchers were also not able to deal with them in the manner
that they dealt with external actors. These constraints did not act on the robotic testbed as
much as they caused a reaction on the part of CIRSSE researchers. Moreover, as the robotic
testbed’s form became more concrete, the project became difficult to alter. In this respect the
robotic testbed project had the kind of "momentum" that Thomas Hughes (1989) has discussed.
and in the end CIRSSE researchers entered into a pattern of "reverse adaptation" as described
by Langdon Winner (1977). A significant difference was that the robotic testbed was not the
type of large technical system that Hughes and Winner have discussed, but a relatively
insignificant robotic simulation platform. In effect, the "momentum" the robotic testbed
acquired after CIRSSE researchers initial conception of it served to frustrate their later
negotiations with NASA personnel.

The inability of CIRSSE researchers to secure sufficient support to complete the basic
development of the robotic testbed raises concerns about the ability of researchers to conduct
basic technological research. The experiences of CIRSSE researchers was an example of how
sponsors can attempt to influence academic research through specific-application-oriented
funding. Moreover, even though NASA personnel did not make explicit requests regarding the
form and function of the robotic testbed until after the Spring of 1991, CIRSSE researchers still
managed to develop the testbed so that its links to space were explicit enough that they were
not able to interest industrial sponsors in it. While the CIRSSE case represents only one
example, the implications of it are that researchers must choose between short-term applied
projects with some resource security, or risk the failure of their projects due to financial
reasons if they wish to undertake longer-term, larger, or less applied research.
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Irradiation of food: boon or bane?
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Treatment of food with ionizing radiation is a technology that arouses vigorous
support and heated opposition. Proponents state this technology can make our food supply
more wholesome by destroying pathogens, extend shelf life by reducing or eliminating
microorganisms that cause spoilage, control insect infestations of fruits, grains, and spices,
retard sprouting, and delay ripening of fruit. Opponents maintain it is liable to poison us
with unknown carcinogens produced by the radiation processing and allow the relaxation of
good hygienic practices in food processing. In this paper we will present a brief history of
food irradiation and then discuss the current status of this technology in the United States and
elsewhere. Next we will offer several possible explanations for the passionate reactions this
technology arouses. Finally we shall discuss the probable future of irradiation of food. The

book Safety of Irradiated Foods (Diehl, 1991) is an excellent account of all aspects of food
irradiation.

At the present time there are two major types of irradiators in use: electron
accelerators and gamma-irradiators. Electrons emerging from an accelerator do not readily
penetrate and are therefore not directly useable for processing of bulk materials.
Accordingly these electrons are generally used to produce X-rays which are then used for
processing materials. Cobalt-60, a man-made radioactive isotope, is the most common
source of gamma-rays for processing. Since most of the controversy concerning food
irradiation involves the use of gammas, only this type of facility will be discussed.

A typical cobalt-60 (Co-60) irradiator consists of a source, a storage pool, a conveyer
system, a shielded radiation chamber, and a control panel. Since Co-60 emits potentially
lethal gamma-rays the irradiation of products must be controlled remotely from outside a
shield that prevents the escape of radiation. In addition there must be a way to shield the
cobalt when workers have to enter the radiation chamber. Typically the radioactive material
is mounted on a movable rack which can be lowered into a water-filled pool. The pool is
deep enough so that no gammas can escape when the source is submerged. The conveyer
system allows the operation of the facility with the continuous movement of containers past
the source while allowing finished product to emerge from the chamber and unirradiated
product to enter. Batch processing with a less complicated input system is an alternative.
The entrance and exit must be designed so that no radiation escapes from the chamber and so
that no one can enter while the source is exposed. The irradiator is basically a simple
device. Food or other materials to be treated pass by the radioactive source and are exposed
to gamma radiation. The dose of radiation depends on the amount of Co-60 in the source,
on geometry, and on the length of exposure. The facility may have the ability to control
temperature and the atmosphere of the irradiation chamber.
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While there has been a spirited controversy about treatment of comestibles with
ionizing irradiation during the last decade, this type of processing has been proposed and
tested since early in this century. In 1905 a British patent was issued for the treatment of
cereals and grains with radiation from radium or other radioactive elements for the purpose
of improving their.quality and prolonging their storage life (Diehl, 1991). The patented
process could not be successfully commercialized at the time since there was no adequate
supply of radioactive material for providing the radiation. Similarly the commercial
implementation of trichina inactivation in pork using X-rays proposed by a scientist at the
United States Department of Agriculture (USDA) in 1921 was not possible since X-ray
machines with sufficient power were not available at the time (Diehl, 1991).

The development of electron accelerators and the increased availability of radioactive
nuclei following the growth of the nuclear industry during the 40’s and 50’s changed the
picture. Now sufficiently intense sources of ionizing radiation were available to allow
processing of food and other materials on a commercial scale. Government laboratories in
the United States, Canada, and a number of European countries began studying food
irradiation. Much of the work in the United States was carried out at the Army Research
Laboratory at Natick, Massachusetts where a food irradiation facility was built in the early
60’s. This laboratory produced and tested irradiated food for use by the military since -
palatable food that could be stored for long periocds under ambient conditions would be of
obvious benefit. NASA astronauts have used products developed at Natick (Josephson,
1983). Many foodstuffs have been treated with radiation. Table 1 summarizes the use of
irradiation for treating edible substances.

Table 1 Uses of food irradiation

PRODUCT PURPOSE DOSE ¥

potatoes, onion, garlic, ginger inhibition of sprouting low

1: cereals, fruit, dried fish and meat, fresh insect and parasite disinfestation low
8 pork, sushi

 fresh produce delay in ripening low

{ fresh fish, strawberries shelf life extension moderate

N fresh and frozen meat, fish, and poultry elimination of spoilage and pathogenic moderate
organisms

| meat, poultry, seafood, prepared foods, industrial sterilization high
¥ special sterile hospital diets

spices, enzyme preparations, natural gums decontamination

" The first commercial use of food irradiation was for the disinfestation of spices using
an electron accelerator in Germany in 1957 (Diehl, 1991). Processing with ionizing beams
of electrons was replaced by chemical fumigation in 1959 when a law was passed which
banned food processing with electrons, gamma rays, or X-rays. The first commercial use in
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North America took place in Quebec in 1960 where potatoes were treated with gamma rays
to inhibit sprouting. The plant was not profitable and closed after one year.

Food irradiation in the United States is under the jurisdiction of the Food and Drug
Administration (FDA). By law, irradiation is regulated as a food additive. In the last few
years a number of products have been approved for radiation treatment. At present less than
ten per cent of the spice used in the United States is irradiated for decontamination. Some
fruit is also irradiated to control ripening. Chicken and pork may be treated with moderate
doses of radiation but no commercial scale processing is taking place. The FDA requires
that all irradiated foods bear a government approved logo and a statement that it had been
treated with radiation, while products containing irradiated items like spices do not require
such information on their labels. The first commercial radiation facility designed specirically
to treat foods started processing in 1992 in Florida. Table 2 lists items that have U.S.
approval with the year of approval by the FDA. Poultry required an additional approval by
the Department of Agriculture which was granted in 1992.

Table 2. U.S. approved uses of food irradiaticn (GAO, 1990)

PRODUCT

R fresh foods inhibition of
; growth and
maturation

any food insect
) disinfestation

B dry enzyme microbial
d preparations disinfestation

'_i: dried herbs, spices, microbial
B tea disinfestation

Q@ fresh pork trichina
' elimination

¥ fresh and frozen salmonella and
§ poultry other bacteria

Other items are currently under study. There is strong interest in treating red meat,
especially since there have been several deaths in recent years due to the consumption of

hamburgers that were contaminated with a virulent strain of E. coli, a commonly occurring
bacterium.

Three states, New Jersey, Maine, and New York, have blocked the sale of irradiated
foods. The ban in New Jersey has expired. The moratorium in New York State presents an
interesting picture of the politics of food irradiation. It was first enacted in 1991 for a two
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year period and then renewed in 1993 for an additional two years. The original bill was
introduced with little public notice and with vigorous support by the New York Public
Interest Research Group (NYPIRG). The alleged purpose of the original measure was to
allow New York State an opportunity to study the safety of food irradiation. Yet in the next
two years no official contact was made with the FDA, the Army Natick Laboratory, or
various international agencies that had studied the process. In fact « request for information
from the pertinent legislative committees showed that New York legislators were not
presented new information about the efficacy or safety of food irradiation when a vote for
extension of the ban took place in spring 1993. Qaly after the extension was approved for a
second two year period did the legislature call hearings. These hearings presented arguments
both pro and con ¢ uncerning the sale of irradiated foods.

Foced irradiation has been strongly supported by a number of international
organizations associated with the United Nations including the World Health Organization
(WHO), the International Atomic Energy Agency (IAEA), and tiie Food and Agriculture
Organization (FAO). A book published by the Werld Health Organization provides
information for the general public and policy makers on how food irradiation might help “in
controlling two of the most serious problems connected with food supplies: the huge
avoidable losses of food through deterioration and the illness and death that result from the
use of contaminated food."(WHO, 1988: 5) This book points out the advantages of
irradiation for reducing food-borne diseases and extending storage life of food in tropical
countries. However it shows there are many economic problems that must be dealt with
before radiation processing can help contribute to making a developing country self-sufficient
in food.

Many countries other than the United States have approved the use of food
irradiation. The use for disinfestation of spices is widespread, as are uses to control
sprouting and ripening. Decontamination and shelf life extension of chicken is allowed in a
number of countries including Bangladesh, Brazil, Chile, Israel, the Netherlands, and South
Africa. These six countries allow the most products to be irradiated, but even they restrict
what can be treated. As is the case in the United States, the use of food irradiation is
growing and many countries are allowing new items to be processed.

There are numerous other industrial uses of radiation processing including sterilization
of medical supplies, pharmaceuticals, and cosmetics using gamma irradiation. The use of
penetrating radiation to kill microorganisms offers many advantages to conventional heat
treatment or chemical fumigation. Products can be sterilized while in closed shipping
containers so there is no need to handle the material until it is used. In addition the
problems associated with toxic residues from chemical fumigants is avoided. In 1985 over
30% of the disposable medical devices produced in the United States were sterilized this way
(Diehl, 1991). Treatment of non-comestibles has not led to wide-spread protests and has
been proven to be cost-effective.

The controversy surrounding food irradiation is similar to many debates about
technology. While there are disputes between experts over facts, often the most vigorous
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disagreements are really partisan arguments rooted in values (Mazur, 1981). What are some
of the issues that have been raised in the debate over food irradiation?

® Irradiation may make the food radioactive. The sources that have been approved,
gamma-rays from Co-60 and cesium-137, X-rays with energy less than 5 million electron

volts (Mev), and electron accelerators operating at energy less than 10 Mev, cannot induce
radioactivity.

. Irradiation causes chemical changes in the food and may produce toxic substances.
All food processing as well as storage leads to chemical changes. There is not conclusive

- evidence of the formation of measurable amounts of unique radiolytic products (URP) (Pauli

and Takeguchi, 1986).

° Radiation may kill microorganisms that cause spoilage while not destroying more
resistant pathogenic organisms like Clostridium botulinum that causes botulism. The food
may be dangerous and not appear spoiled. Other forms of food preservation can lead to the
same problem. Control and monitoring of irradiation processing is needed to assure food is
subject to the proper amount of radiation.

o Radiation-processed food may cause long-term health effects. There is no definitive
evidence to support this claim. A few studies have been interpreted as showing that the
processing leads to unsafe food but these studies have been dismissed by experts as flawed
and inconclusive (WHO, 1988). This is one of the issues on which opponents and
proponents most vigorously disagree.

L Radiation treatment destroys vitamins and other nutrients. The same is true of

storage and many forms of food processing. If necessary, radiation processed foods could be
enriched as is done with flour.

o Food that has been irradiated has an off taste. If people do not like the taste of a
product they do not have to use it. The same statements can be made about many canned
goods. Consumers decide for themselves as long as the product is wholesome.

Supporters and opponents of food irradiation both argue that the technology will affect
the quality and safety of the food supply. Any belief that the food supply is in danger will
strongly influence the public. Supporters of irradiation, including international organizations
like WHO and FAO, say the benefits outweigh the small possibility of risk for approved
irradiation procedures. Opponents look at the same studies and question the safety of
irradiated foods. As with any dispute involving safety, absolute proof is impossible (Mazur,
1981) so we are left arguing how much evidence is enough. Many of the groups actively
opposing the technology have names associated with purity of food and water such as the
New York Coalition for Alternatives to Pesticides (NYCAP) and Food & Water, Inc. Food
and Water, Inc. has run a number of advertisements about food irradiation trying to convince
the public of the dangers posed by the process. The following statement was broadcast many
times on 57 Florida radio stations during the summer of 1991 (Katzenstein, 1992: 60):
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What if you found out that those fresh fruits and vegetables everyone keeps
telling you to eat more of might kill you? No joke... Supermarkets have
- started selling radiation-exposed foods: spices, processed foods, and soon,
meats and fruits and vegetables.... Many scientists are saying irradiation
makes foods unsafe, changes the molecular structure of food, destroys
nutrients. And new studies show how ingesting radiation-exposed foods causes
genetic damage, which can lead to cancer and birth defects...

Their campaign continues. In an attempt to counter the arguments that might lead to a
USDA test of irradiaticn of hamburger to control bacterial contamination, Food & Water,
Inc. ran informational advertisements in a number of newspapers during March 1994. One
quarter-page spot on the op-ed page of the New York Times on March 16, 1994 read "The
government’s next radiation experiment?" and showed a child eating a sandwich. “"Radiation-
exposed meat: We’re all the guinea pigs."

NYCAP also argues that consumers want tasty, fresh, nutritious, wholesome food, not
food with a longer shelf-life. They attribute the desire for longer shelf-life to a highly
centralized food industry (NYCAP, 1993a). Most consumers determine freshness by
appearance, taste, and smell. For example, if radiation processing allowed strawberries to
appear and taste like freshly picked berries for several weeks (WHO, 1988), many people
would call them fresh and be willing to use them. Consumer reactions to test marketing of
irradiated papayas in California and irradiated mangoes in Florida has been generally positive
(Diehl, 1991). Perhaps NYCAP is objecting to the national and international enterprises that
grow and market produce.

However, much of the opposition to radiation processing may be based on anti-
nuclear feelings. For example, in Germany the term radioaktive Behstrahlung or radioactive
irradiation has been used to label the process (Diehl, 1991). The opponents of the
technology have been so successful with this label that the media has generally adopted the
expression, and Germany is one of the countries in Europe with the greatest restriction on
radiation processing. In the United States there is wide-spread opposition to nuclear power
and related industries which may contribute to fear of radiation and radioactivity. Opposition
to the use of cesium-137 centered on the fact that it was a waste product from nuclear
fission. On the other hand Co-60 is produced for the specific purpose of irradiation, and is
made like many isotopes used for medical purposes. NYCAP mentions only one proponent,
Nordion, involved in lobbying against the extension of the New York moratorium on sale
and distribution of irradiated food (NYCAP, 1993b). Nordion is a supplier of Co-60.

One big change may occur in the technology for food irradiation that could greatly
change the debate. Highly efficient and cost-effective generators of penetrating radiation
using electron accelerators are under development (Welt & Welt, 1993). If these irradiators
largely eliminate the need for Co-60 then one of the main causes of public concern will be
removed. The technology will no longer be directly connected with the nuclear industry
which is certainly one of the major reasons for public distrust.
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The use of irradiation to treat food will continue to grow. The more people are given
a chance to become familiar with irradiated foods, the more they will find the technology a
welcome addition to the food processing industry. Just as heat pasteurization of milk to
reduce the spread of certain diseases has become the norm so radiation pasteurization or
radurization of poultry, meat, and fish may gain wide-spread use if salmonella and other
disease-causing organisms cannot be controlled in other ways. Extension of shelf life of
fresh fruit and vegetables with radiation may prove attractive to many consumers as will the
elimination of the need for chemical fumigation of some foods. Room-temperature stable
foods produced with irradiation may be a common convenience within a decade. Once the
public accepts some irradiated foods then others will be tried. If these products are
considered more desirable for whatever reason they will be purchased. Continuing the

present labelling law in the United States will allow individuals to decide on using or
avoiding this technology.
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Inarticulate Science? Representing and Understanding Science
for Public Use

Edgar W.Jenkins, School of Education, University of Leeds, Leeds LS2 9JT,
UK (Tel: 0532 334561)

In this paper, I shall draw upon a study of some aspects of the public understanding of
science, undertaken jointly with colleagues at the University of Leeds. Following a
few preliminary remarks about the public understanding of science, I shall report
briefly upon our research and our findings, and then conclude with some of the
implications of this work, as I see them, for science education.

The public understanding of science

The need for a greater 'public understanding of science' has been urged from a number
of standpoints. As an example, the interactions of science and technology with
society have generated a reaction against the exclusiveness of scientific and

- technological activity which has not only prompted demands from different groups for

participation in the control and direction of that activity (Netkin 1978, 1982) but also
provided the rationale for the emergence of STS as a field of research and curriculum
development. From a different standpoint, illustrated by a report from the Royal
Society of London on The Public Understanding of Science, an understanding of
science is often presented as important for economic well-being and competitiveness,
for effective participation by citizens in a democratic society, for employment in an
increasingly technological working environment, and for personal satisfaction and well-
being (Royal Society 1985).

This advocacy of greater public understanding of science sustains a corresponding
academic interest, not least i1 attempts to measure it, which has been rather slower to
develop in the United Kingdom than in the United States. A review of this literature
allows me to make the following comments. First, the term 'public understanding of
science' is often used as though it were interchangeable with another slogan of our
times, scientific literacy. Second, the public understanding of science is cornmonly
seen as multi-dimensional, incorporating, as a minimum, an understanding cf scientific
concepts and of scientific methodology, allied to the display of scientific attitudes.
Third, attempts to quantify the public understanding of science have universally
produced results that those who do the measuring, along with many others, have
judged to be very disappointing (e.g., Miller 1986). Fourth, these attempts at
measurement reveal a number of severe methodological problems, one of which is of
particular importance in the context of this paper. I refer to the fact that many
estimations of the public understanding of science have been characterised by a
serious mismatch between those whom John Ziman (1984) has categorised as ‘insiders'
and 'outsiders' with respect to science. The insiders' view is concerned with abstracted
and decontextualised scientific knowledge and with the possibilities of discovery and
validation. In contrast, the outsider or lay perspective is much more instrumental and
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concerned with khowledge in the context of use. In addition, many studies have failed
to recognise the heterogeneity of the public whose scientific understanding is being
probed, thereby overlooking, for example, that social and economic circumstances
influence the priorities which individuals assign to specific problems having a scientific
dimension and that what is one person's ‘acceptable risk' is another's 'vexatious
nuisance' or ‘intolerable hazard' (Douglas and Wildavsky 1982; Wynne 1984).

It is notions such as heterogeneity and instrumentalism, captured in the term science
* for specific social purposes, (Layton, Davey ard Jenkins 1986) which underpinned the
Leeds study to which I would now like to turn.

The Leeds Case Studies

A basic assumption of our investigation into adults' needs for, and use of scientific
knowledge was that exploration to the depth we wished to go could usefully be
undertaken only if the adults with whom we were working shared a cormmon concern
or problem. We also took the view that there was no good reason why most members
of the general public should quest after knowledge such as the thermodynamics of non-
equilibrium systems, the origin of cosmic radiation, the distribution of air bubbles in
polar ice or the electron spin resonance of free radicals, however important these may
be to the work of professional scientists. It was necessary for us, therefore, to choose
particular contexts for our study of people's understanding of science. For two of our
studies, we eventually settled on disability and disadvantage, and worked, respectively,
with the parents of children having Down's Syndrome and elderly people, living in
straightened financial circumstances, seeking to manage a domestic energy budget
designed to keep themselves warm, well-fed and healthy. Our third context for study
was one in which science-related issues were being addressed in the public domain and
we worked with elected local councillors and their professional officers faced with a
set of problems arising from the disposal of toxic waste and the seepage of methane
from a landfill site into domestic dwellings. Our fourth group of adults had a direct
interest, for example as employees, pregnant women or neighbours, in a controversy
over the leak of radiation from the Sellafield nuclear complex in Cumbria in the north
west of England. To a greater degree than the other three, this last study opened up
issues to do with the political economy of science, i.e., the ways in which different
groups managed the scientific information to which they had access and its interface
with their extra-scientific interests and positions.

The bulk of our data was acquired by interviews, loosely structured, not significantly
limited by time and, where appropriate, conducted and recorded in people's own
homes. For each of the first three case studies, we had a prepared schedule of
questions and topics on which we wished to elicit comment but this was not a prime
determinant of the shape and structure of the conversation. In the event, there were
few instances where, at the end of the day, items on the schedule had not been
addressed, often cyclically and in increasing depth. Where appropriate, our interview
data was augmented by other relevant material such as Committee Minutes and reports
for the toxic waste study, newspaper reports for the Sellafield investigation, and, in the
case of the energy study, published advice from government and non-government
sources about how to keep warm. Our sample size varied. For example, we
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interviewed thirty two families having a Down's Syndrome child and four hundred
and fifty people living in the towns and villages of West Cumbria in which the
Sellafield nuclear facility is located. ™

Time does not permit me to summarise each of the case studies. I shall, therefore, offer
a glimpse of the findings of the energy case study involving elderly people, before
drawing upon this and, as appropriate, the other case studies in my concluding section.
A full acount of the case studies is available in Layton, Jenkins, Macgill and Davey
(1993).

A scientific approach to domestic energy management by the elderly, living alone, is
likely to involve a number of elements. These include:

(i) consideration of the possibility of exchanging a larger dwelling for accommodation
which is smaller and makes fewer energy demands

(ii) choosing a cost effective method of providing heat for warmth and cooking, e.g.,
the use of a cheaper fuel, off-peak electricity supplies, using one-cup kettles

(iii) making optimum use of available energy devices, including switching off
unnecessary lights, controlling temperatures with thermostats, having a shower instead
of a bath, employing strategies for preparing meals which minimise energy demands

(iv) reducing heat loss by insulation and double glazing

- (v) monitoring energy consumption both iz tofo and in respect of individual appliances
and, where appropriate and possible, taking corrective action

(vi) using data, e.g., weather forecasts, to anticipate sharply increased or diminished
energy demands and to respond as required, e.g., by adjusting the amount of clothing
worn. Within a fixed income, severe weather might suggests warming part rather than
all of a domestic dwelling.

Elements of this kind, underpinned by scientific data, formed the advice, given frecly to
elderly people by government and charities concerned with their welfare on a scale that
amounted to a national campaign.

For the elderly people we studied, moving house was not a realistic possibility.
Indeed, they had moved to the house, precisely because they had relatives nearby who
could help to look after them in times of difficulty. A few were attached to the house
because they had always lived there and had many friends in the district. Likewise,
relative energy costs were not necessarily the determinant of choice between gas and
electricity for cooking and heating. For one elderly lady who had once owned a gas
cooker, electricity was 'cleaner’, mainly, although illogically, because the gas central
heating at her grandchildren's house led to the walls at the back of the radiator
becoming dirty! Safety considerations were also important, one lady preferring
electricity to gas because she had a poor sense of smell.
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All of the elderly people we talked with had considered the use which they made of
the energy devices to which they had access. Some turned their heating down, or off,
when they went out. One put the heater on in her bathroom about an hour before she
was going to use it. Doors were often kept open, or closed, to facilitate, or restrict,
the movement of heat between rooms. A similar concern for economy was evident in
the variety of cooking arrangements which the elderly people deployed. A casserole,
too substantial for a single meal, was cooked as a whole and then divided into portions
for storage in the freezer. Dishes, like stews, which could be re-heated had an obvious
attraction. A hot oven was used to cook more than one dish. One lady even put a
small container of water over the pilot light on her gas cooker and left it overnight so
that, in her words, ‘In the morning, it wouldn't need as much energy to bring the water

* to the boil".

However, this apparently ‘efficient' use of energy appliances was frequently over-
ridden by other concerns. One elderly lady provided additional heating in the room she
did not normally use because this was her 'best' room and, therefore, the one in which
she chose to be interviewed in tor the study. Another switched on her electric fire
because the interviewer was coming and she liked the simulated coal fire effect which
the fire provided. One interviewee had abandoned the use of an electrically heated
towel rail because she saw it as posing a safety risk to her small grandchildren.
Another left her heating on because of concern for the well-being of her aged cat.

As for insulation, everyone in the study knew that grants were available to pay, in part
of whole, for loft insulation. Those who had installed such insulation, however, were
not able to detect any significant changes, either in their fuel bills or in their sense of
warmth. Given the ages of the people in the study, it is not surprising that relatively
expensive forms of insulation relating to cavity walls or double glazing, seemed to be
of less immediate interest than more personal and localised methods of minimising heat

loss, such as a 'sausage' to prevent underdoor draughts or the hanging of heavy or
thermal curtains.

However, as with other aspects of domestic energy management, there were
differences between daily practice and the dictates of a rational energy policy. While
the insulating role of curtains was readily acknowledged, any suggestion that the
curtains in a bedroom might be kept closed during the day was strongly resisted.
There was concern that neighbours would draw an unfavourable impression or even
conclude that something was seriously wrong with the householder. Some of the
elderly people believed strongly in opening some or even all doors and windows for a
short period each day to bring in fresh air, judged necessary for good health.

There was evidence in our study of a sense of the quantitative in the management of
domestic energy. Some checked their meter reading every day and one gave herself a
daily allowance of units, adding that she didn't understand therms but was well able to
do the necessary algorithmic operation to relate consumption to likely cost. That
heating generally cost more than lighting was well understood but as long as overall
energy consumption did not lead to an excess of expenditure over income, a variety of
energy practices could be sustained despite the fact that many of these practices
conflicted with a efficient energy management. Unsurprisingly, this financial criterion
was a fundamental importance to our sample of elderly people and it allowed them to
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override, often quite consciously, advice available to them. For example, the charity
Age Concern supplied thermometers designed to indicate when a room temperature
falls to a point at which an elderly person might be at risk from hypothermia. Common
responses were ' I never look at it', 'I know what it will be before I look at it' and if it's
just about in the blue and I fee! OK, I don't bother".

It would be a mistake to describe the behaviour which I have just described as
‘unscientific’. To do so would be to assume that a scientific approach is both
appropriate to, and adequate for, an understanding and evaluation of the management
of domestic energy by the elderly. Such an assumption is invalid because it fails to
acknowledge the complexity of human behaviour and, more particularly, to
accommodate the notion that elderly people may understand the management of
demestic eneirgy in terms that are significantly different from, but not necessarily less
valid thar, those of the scientist or heating engineer. What we see, to borrow Stern
and Aronson's terminology, is elderly people acting as consumers, investors, members
of a social group, expressers of personal values and probl=m avoiders (Stern and
Aronson 1984). An elderly person can be regarded as fulfilling, simultaneous'y or at
different times, a number of different roles and, as a result, making judgements about
energy practice on grounds which are appropriate to each role. Heating, lighting and
fuel, like curtains, may be chosen, or rejected, on aesthetic grounds. Expensive
insulation is rejected because, as a capital investment, it is unlikely to generate

sufficient return. Keeping out of debt is a strongly held personal commitment, along
with being near one's younger relatives.

The evidence of the case study, therefore, is that elderly people manage their domestic
energy in ways that are much more subtle and complex than might be understood - or
even dictated by - a consideration of the nature of energy itself. Individual and social
preferences act as powerful influences upon the ways in which fundamental scientific
ideas relating to energy and its conservation are integrated into the everyday practice
of the elderly. In other words, in addition to the obvious economic dimension, there is
both a psychology and a sociology of domestic energy usage. More generally, from
the four case studies, scientific knowledge and values do not readily transfer from one
social context to another, and there are significant problems of accommodation when
scientific knowledge generated in one context, that of understanding, is translated to
another context, that of use.

Representing and Understanding science for public use

The first point to make is that our case studies, like a number of others, lend very little
support to science as a coherent, objective and unproblematic entity, characterised by
certainty and direct applicability to everyday life. In the case of the elderly people,
where the science was relatively unproblematic and capable of some direct application,
scientific knowledge was integrated with, or often overridden by, other considerations
to which they gave greater importance in their scheme of things. The Down's parents
rejected much of the science they were offered by the medical profession as
inappropriate, untimely and irrelevant to their immediate concerns. The councillors
dealing with the waste disposal issue neither possessed nor sought actively detailed
knowledge of the relevant science, taking note of it only after mediation by their
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technical officers, a kind of surrogate science selected to articulate with the councillors'
particular concerns. Both the Down's parents and the Sellafield studies illustrated the
fragility of much of the available science and its inability to provide unambiguous
answers to the questions being asked. Ziman has summed up this general point
particularly well. Reviewing a series of ten U.K.projects concerned with the public
understanding of science, he concluded that the most important finding of the research
program was that science is not' a well-bounded coherent thing, capable of being more
or less "understood".... (It) is not a sharply-defined and special type of knowledge
which only starts to be misrepresented and misunderstood outside well-defined
boundaries by people who simply do not know any better....In this programme of
research, we have seen many everyday questions that cannot be addressed properly, let

alone answered, simply in terms of a shortfall in potential understanding' (Ziman 1991,
100-101).

Many exampies can, of course, be offered to illustrate this point but I find Ravetz's
insight particularly helpful. He has described us as having moved from a situation in
which 'hard' scientific facts were seen in opposition to 'soft' values to one in which,
inescapably, 'hard' decisions (i.e., difficult and definitive ones) have to be made on the
basis of a scientific input which is irremediably 'soft' (Ravetz 1990). The attendant
educational concern is that many science teachers, and other promoters of science, may
still be premising their work on a belief about the objectivity and certainty of science
which has become obsolete or, at best, valid only in certain special cases.

This understanding of science in the real world and its entailed notion of a plurality of
sciences is, of course, not new. We can, for example distinguish strategic science,
directed towards supporting or enabling technological innovation, and mandated
science, concerned with science in the context of recommendations or decisions of a
policy or legal nature. These are somewhat different from the notion of a fundamental
science, driven by curiosity without thought of possible utility or application, with
which school science in the United Kingdom remains principally concerned.

I do not need to elaborate for an STS audience the problematic nature of science,
particularly when it comes to using it for social purposes. We should note, however,
that this perspective has important implications for what it means to 'understand
science' as a lay member of the public. It is not simply that science takes on a much
less solid and reliable appearance than that portrayed in many formal educational
settings. For example, in the Sellafield study, a radio-biological estimate of the number
of cases of leukaemia which it was calculated could have been caused by accidental
and other leakages from Sellafield over a twenty year period depended upon a series
of assumptions, almost all of which were challengable. We need to re-think the notion
of the lay adult as a passive consumer or recipient of expert knowledge. The domestic
energy practices of the elderly were guided not only by understanding the physics of
heat conservation but also by aesthetic, personal convenience, self-concept, financial
and other considerations. Brian Wynne gives the example of sheep farmers who, after
Chernobyl, were advised by agricultural scientists that radiocaesium in their stocks
would be flushed out more quickly if sheep were grazed on the lusher pastures of the
valley floor than on the grasses of the high fells. Both the practicality and credibility of
this advice was questioned because the farmer's local knowledge had shown that
intensive grazing on valley grass could damage a fragile resource of critical importance
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for future breeding cycles of their sheep (Wynne 1991). In reality, people do not
encounter scientific knowledge as free-floating and unencumbered by social and
institutional connections. The questions ' From whom? 'and ' From where?' and From
what institutional source?' are central to judgements about the trustworthiness and
reliability of the knowledge on offer. A corollary is that the public uptake (or not) of
science is not based so much 'on intellectual capability as much as socio-institutional
factors having to do with social access, trust and negotiation as opposed to imposed
authority' (Wynne 1991, 116). A consequence is that scientific knowledge does not
commonly occupy a central place in everyday life practices. Rather the process of
integrating it with other knowledges, such as personal judgements and situation

specific knowledge, frequently relocates science to the periphery if it does not remove
it from the scene altogether.

The perception of scientific knowledge held by the adults we studied was much less
as a cathedral of understanding of the natural world than as a quarry or company
store to be raided for particular purposes. Sometimes, the store didn't stock what was
needed. Occasionally, the store wasn't regarded as trustworthy and another store was
considered. Sometimes, what was on offer had to be altered. Always, what was
available had to be accommodated with other knowledges in a specific context. In
other words, the relationship of the lay adults to scientific knowledge was interactive,
critical and purposive. It was about creating new knowledge or, where possible,
restructuring, reworking and transforming existing scientific knowledge into forms that
served the purpose in hand. Whatever that purpose (political social, personal, etc.), it
was essentially concerned with action or capability, rather than the acquisition of
knowledge for its own sake (Jenkins 1992).

The case studies have an obvious resonance with work that has been done in the field
of situated cognition (e.g., Rogoff and Lave 1984; Lave 1988} and with studies into
the nature of technological, or more generally, of knowledge in action (Durbin 1989).
The resonance lies in the importance of context in knowledge generation and use, and
in the transformation, re-working and re-contextualising that must usually take place
if knowledge generated in one context is to deployed successfully in another. In my
judgement, there is an urgent need to know much more about these processes of
transformation and re-working if scientific knowledge is to articulate with practical
action. Not everyone would agree, of course, that science education should be about
articulating scientific knowledge with practical action, despite the emergence of STS
programmes, the frequent commitment to science education for citizenship or the
emergence of technology as a distinct curriculum component. What is often missing in
developments of this kind is curriculum attention to those social, institutional and
economic dimensions of the scientific enterprise which, in Wynne's view, may be more
important in influencing the public uptake of science than the more commonly
emphasised scientific concepts and methodology (Wynne 1991).

Finally, the case studies suggest strongly two other important messages for the pubic
understanding of science. These are the need for flexibility of access by adults to
science and for opportunities for interaction between the producers and users of
science. Questions arise, therefore, about the kinds of institutional provision which
would allow this flexibility and promote the necessary dialogue. Some answers,
'science shops', for example, have yet to prove themselves over time. Other initiatives,
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such as the French Boutiques de Science, have come and gone. The most fundamental
question, of course, is whether an interrogative science education, which at some
points is likely to challenge the existing political economy of science, can ever
command the necessary support from the scientific community itself.
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SCIENTIFIC LITERACY, NBIAP, AND PUBLIC
PERCEPTION OF BIOTECHNOLOGY

Susan A. Hagedorn
Science and Technology Studies/English
Virginia Polytechnic Institute and State University
Blacksburg, VA 24061-0112

There are two truths in this world: one of the laboratory, and
the other of the media. What people perceive as the truth is

truer in a democracy than some grubby little experiment in a

laboratory notebook (Koshland, 1990: 1381).

The record-setting release of the movie Jurassic Park last year has raised a minor
storm of controversy over the importance of images presented in popular media upon the
future conduct of science. Articles and editorials in news magazines and major
newspapers decried (or relished, depending upon the viewpoint) the fali of the reputation
of scientists. But even prior to the release of the movie, the major newsletter of the
biotechnology industry, Genetic Engineering News, raised a banner of alarm over the
book and its vitriolic introduction to biotechnology:

Who would take such a story [Jurassic Park] seriously?
How about the group of community activists that successfully
halted the field tests of frost-resistant crops in California? Or
another group that successfully thwarted the construction of a
biotechnology facility in Massachusetts?

No, I don't think we can be complacent.... The country
is vast, and there are millions of people who have no idea about
biotechnology: what it can do, and what it cannot do. This book,
and certainly the movie, may be their introduction to the field
(Liebert, 1991: 4).

Since many voting non-scientists in the general public receive a great deal of their
knowledge of how science and scientists work from popular media (Hagedorn, 1993: 10):

In the minds of many students who reject science, the white,
-male, frizzy-haired, white-coated stereotypes--with certain
facts but uncertain morality--that appear in movies such as
Back to the Future and Frankenstein are the real thing. The
scientists of movies and television make lasting impressions on
science-wary children (The Science Teacher, 1988: 8),

a negative perception of science can indeed have a potential impact on how science 1s
conducted--and funded--in the near future:
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Effective responses to issues of energy, food, environment, AIDS,
health care, crime, and many other problems facing society require

a sound foundation in science. Public policy based on ignorance

or misapprehension of scientific knowledge can have very serious
consequences, not just for human well-beings but for life itself.
Society expects and needs both expertise and literacy in science if

it is to deal successfully with many of the most pressing problems of
our age (Steen, 1991: 17).

Negative images of science and technology, and biotechnology in particular, are
strong and cle.:, but what importance do they have? Are they merely phenomena of an
entertainment industry, or do they hold deeper implications on public perceptions of "real"
science and the funding and conduct of such "real" science in the near future? In 1990,
Science magazine, in an opening editorial, presented a mock interview between the
reporter and "Dr. Noitall," an eminent NON-scientist:

Science: We have come to ask you why scientists seem
to have such a poor image.

Dr. Noitall:  Hlow can you possibly ask such a simple-minded
question? You are the people who have brought
us nuclear war, global warming, and acid rain.
You enjoy dissecting frogs, and you keep mice
and rats in little cages (Koshland, et seq.: 1381).

In a survey conducted by Genetic Engineering News, a woman reported that:

genetic engineering and biotechnologv conjure up the specter of
Nazi Germany and the quest for the super race (Potera, 1992: 23).

There is a problem with the understanding of biotechnology in a nation where, in a poll,
DNA was defined as:

a sickness,

the smallest known molecule,
a food additive, and

an airport (Stone, 1989: 104).

The public in the United States has been faced with cartoons showing biotechnology as
causing the end of a national symbol of childhood (Bugs Bunny crushed by a huge
genetically-engineered carrot, Roanoke Times, 1992: A21) and the disappearance of a
president (George Bush destroyed by a supermarket display of engineered broccoli,
Roanoke Times, 1992: A13). The Washington Post presented readers with a menu of
genetically-engineered foods, some of which included human gene products (1992: B1),
food another publication called "Frankenfood" (Sagan, 1992: 151). In November 1993,
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the announcement that human cells had been cloned brought forth a spate of controversial
publicity to biotechnology. Practices of investigating flora and fauna of third-world
countries for new pharmaceuticals and for species collections have brought accusations of
"genetic imperialism" against the United States. Media reactions to recent approval of
BSt for dairy cattle by the Food and Drug Administration brought levels of public trust in
government agencies to protect public interests concerning biotechnology to a new low.
There are many calls for action, and the primary call is for an increase of scientific
knowledge on the part of the non-scientific public: the reasoning is that if the public was.
scientifically literate, it could make more rational judgments on public policy based on
science and not on images from popular media.

Scientific Literacy

There are many varied definitions of scientific literacy: it has been called "a

concept in search of a definition" (Helgeson, 1991: 71). But most attempts at defizution
take in three particular elements:

o The scientifically literate person knows something about science content. They know
something about major concepts in natural and physical sciences.

» But more than just memorizing facis, they realize that science is a process. They
understand the role of scientific method(s) in exploring the natural world.

» Scientifically literate people recognize science's impact on society. They hold a
concept of the relationship between science and everyday life and have gained skills to
deal with science-related issues they encounter at home and at work.

Scientific literacy is more than facts, it is:

applied curiosity in matters scientific. We recognize scienti-
fically literate people not by what they know but by their

capacity and willingness to learn the science they need to know
it (Tobias, 1990: 62).

How well is the United States doing in scientific literacy? The present state of the
profession has been described as:

a kind of feudal aristocracy ... where a privileged few hold

court, while the toiling masses huddle in darkness (Goodstein,
1993).

Briefly, what are the consequences of scientific ifliteracy for these "toiling masses"?

Science is important. It has been called "the most important force for change in modern
society" (Steen, ef seq.: 12). And:

we live in a world pervaded by science and technology; people
cannot participate meaningfully in such a world unless they have
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a basic understanding of science and the scientific enterprise,
and can think quantitatively (Schmidt, 1990: 61).

But when asked "what does it mean to study something scientifically," only one person in
ten has any meaningful reply. How can we prevent belief5 in personally-motivated false
claims? In pseudoscience? In a national poll, 2 in 5 people believed

o that rocket launchings have affected the weather,
» that space vehicles from other civilizations have visited the earth,
o and/or that luck numbers exist (Peterson, 1986: 600).

In this light, consider that when only 5 to 17 percent of the population is considered
scientifically literate (Miller, 1992: 13-4), there are potentially serious consequences, not -
just for human well-being but for life itself, when a scientifically-illiterate electorate votes
on significant issues of energy, environment, food, crime, and health. To make matters
worse, we now live in a service-oriented economy, heavily dependent on electronic
information--how is the scientifically illiterate citizen to evaluate the exponentially
exploding masses of information that bombard us daily?

It has been said that "attainment of scientific literacy will likely require science to
reverse its negative public image" (Miller, 1991: 197). But this negative image is
constantly reinforced by the images of science and scientists projected in popular media.
Frequently scientific principles are ignored in the name of "entertainment," and
entertainment is considered too frivolous to contradict. So many mistakes, deliberate
errors, and actual hidden agendas often go unchallenged. In an interview in Genetic

Engineering News, author Michael Crichton (Jurassic Park) warned the world about the
potential dangers of biotechnology:

I wanted to sound a cautionary note. Science is wonderful, but
it also has its hazards. If the book makes some people uneasy,
maybe it should....[People] are uninformed and gullible....I am
not through with biotechnology (Potera, ef seq.: 23).

His book has been reviewed as "not ... good science, but ... good fiction" and "a bit of
science mix[ed] with a great deal of imagination (Potera, ef seq.: 23). But when Crichton,
who holds an M.D. degree but who has never practiced medicine, claims that he is

objectively and fairly presenting the "dark side" of scientific research, he is believed:

I read Jurassic Park, and the science seemed possible....I'm

not worried, but I am concerned....I've read about cows that have
been genetically engineered, and I am concerned that after animals,
human beings may be next....I found the science portions of the book
extremely plausible (Potera, ef seq.: 24).
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He is presenting biotechnology on a level that is understandable. He is uncovering human
foibles, revealing the noble scientist with feet of clay. The scientists he presents are for the

most part warped by greed for wealth, fame, power, It is not an admirable picture that he
paints:

Biotechnology promises the greatest revolution in human history.

It is broad based. Much of the research is thoughtless or

frivolous. The work is uncontrolled. No one supervises it. No
federal laws regulate it. There are very few molecular biologists
and very few research institutions without commercial affiliations.
The old days [of pure science?] are gone. Genetic research
continues, at a more furious pace than ever. But it is done in secret,
and in haste, and for profit (Crichton, 1990: ix-x).

Unfortunately, many people get their ideas about science from popular media. This
negative image backs up the results of many public opinion polls where industrial scientists
and government agents are seen as untrustworthy and with suspicious motives:

We have seen over the years that the public is often suspicious
of science and technology advances. Physics made possible
the Atom Bomb, chemistry resulted in Love Canal, and
Jurassic Park's genetically engineered dinosaurs may indeed
alarm and stir up an uneducated public (Liebert, et seq.: 4).

This negative image makes it hard for the non-scientifically trained public to appreciate
that even though

science is not everything|, it] should not blind us to the fact that

it is the very best of what we do have. Just as those who benefit

from individual therapy can take pride from the persistent acts of

will they exerted along the way, so humankind can take collective
pride from the persistent determination to submit to reality therapy
that has produced not only the science we now know but also an
understanding of how to go about learning more (Bauer, 1992:150-1).

Vestiges of past faith in the power and structure and SAFETY of science have
disappeared. Fears of biotechnology on the part of the non-scientifically educated public
will be very difficult to eradicate.

The National Biological Impact Assessment Program (NBIAP)

One group working to assess public perception of biotechnology to counteract
baseless fears and to research relevant issues is The National Biological Impact
Assessment Program (NBIAP). Formed in 1986 within the US Department of
Agriculture, the program has two goals--to help the research community comply with
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federal regulations and guidelines, and to share biosafety information throughout public
and private scientific communities. Its mission is stated as "to facilitate and assess the safe
application of new techniques for the genetic modification of plants, animals, and
microorganisms to benefit agriculture and the environment." Its major focus is
information exchange through advanced communication technology. Its Information
Systems for Biotechnology, funded through a grant to Virginia Polytechnic Institute and
State University, furnishes an electronic bulletin board, open to the public as well as the
scientific community.

Public perception of biotechnology will have a great impact on funding of research
and on the conduct of the science in the near fture. Many (if not most) decisions about
biotechnology will be made by non-scientists whose opinions may well reflect the distrust
shown by the public. In the fall of 1993 NBIAP sponsored:

1. anin-depth literature review of surveys of public perception of biotechnology, and
2. research into the reflection of the science in popular and professional press.

Concerns raised by the public about biotechnology were then collated and grov~ed
according to topic.

Public Perception of Biotechnology Issues:

Economic/Political:

» The cost of technological change might not be fairly distributed through an industry.

» Increased agricultural production and better medicine could destroy small farms unable
to pay royalties.

» Animal patenting could result in greater growth by those who produce breeding stock
as it has created in the seed industry in recent years.

» Imposition of technologies could give unfair advantages or powers over those who do
not control them.

» The impact biotechnology will have upon animal welfare practices and policies is
unknown.

» Rural communities could be negatively affected by the use of biotechnology products.

» Decisions could be based on social and economic implications rather than by health,
safety, or effectiveness issues.

» Public perceptions are not always based on irrational, subjective, and ignorant fears as
“opposed to rational, objective, and informed planning.

» Biotechnology companies might profit by building on a base of publicly funded
research, and the legal problems involved need to be explored.
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Moral/Eihical:

o Transgenic animals could be vulnerable to physiological or psychological dysfunctions
that are qualitatively different from pathologies associated with conventional animal
breeding.

» Patenting life in any substantial way could redirect the way society uses or relates to
animals--or other humans.

¢ Procedures for disposal of test animals/products need to be determined.

» Study needs to be made of the "genetic imperialism" of the practice of free collection
of genetic material from both wild and cultivated plants in third world countries where
products are then sold back to the countries where they were originally obtained.

Research/Academics:

o Patenting of organisms from university research could have a drastic impact on
university research structures.

» Recognizing property claims could have a negative consequence on the exchange of
information among scientists or upon graduate education.

¢ Private funding for public researchers could sever the contact between research and
the public interest.

Ecology:

o Wide-spread patenting could imply drastic changes in the integrity of species and a
moral obligation to preserve nature.

o Study needs to be made on exactly what constitutes a "natural" environment for
domestic species.

+ Both sort- and long-term environmental impacts, with the advent of biotechnology,
need further research.

Risk Assessment:

+ We must decide how to evaluate consequences that might occur some time in the
distant future.

o We need to identify logical issues of safety and quality of food production.

« The differences between perceived and actual or potential risks need to be established.

o The chances of "escape" of pesticide resistance into weeds with even small scale
testing of current pesticide-resistant crops need to be determined.

Conclusions

Obviously, acceptance of biotechnology, its processes and products, is not a dead
issue. The concerns listed above barely scratch the surface of the topic. The public needs
to accept responsibility for ultimate decisions concerning biotechnology, and this includes
a need for a broad-based science literacy. Biotechnologists need to appreciate the
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importance and validity of non-scientific concerns and need to acquire ability in the use
(not abuse) of public relations and communication skilis. Agricultural and environmentai
biotechnology can present the population of the United States, as well as the word, with
vast improvements in food production and environmental quality--or biotechnology can be
constrained and its potential benefits never fully realized:

Future directions for biotechnology cannot continue to be
decided based only upon the science: ethical and moral
questions will have to be debated for each new application

of the technology. Public perception, as an indicator of opinions
of the voting public, must continue to be an integral part of
future decisions about the science (Hagedorn, 1994: 8-9).
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From the 1950’s through the 1980's we saw mutant genes affect humans in The Invisible
Man, The Attack of the 50-Foot Woman, and in other outlandish Hollywood ways. Now
that we’ve advanced into the 1990’s we can go to the movies and see how genetic
engineering has brought back the dinosaurs in Jurassic Park. Are these just movies
about mad scientists? Or are these movies frightening to the general public and
affecting their perceptions of risk in science and technology, specifically biotechnology?
How does society perceive these risks? Are the risks involved in creating new (or old)
forms of life worth the results? This paper addresses these issues and compares
society’s perceptions and expectations with the realities of science. We will begin to
answer some of these questions with a brief review of the background and current
status of biotechnology. With this understanding as a base, we will delve intc the
various surveys that deal with risk perceptions (including one we conducted in
November of 1993), analyze their statistics, and make some conclusions based on those
statistics.

BACKGROUND '

There is little doubt that the increased use of technological advances in everyday life has
had a variety of impacts on individuals in society. These impacts range from the
computer making obsolete some of the jobs people currently hold, or have held,
through the promises of ultra miniaturization via nanotechnologies, to fears of nuclear
energy and nuclear war compounded by incidents such as Three-Mile Island and
Chernobyl (Winner, 1986; Perrow, 1984). Other risks include toxic waste that results
from high-level industrial technology such as computer chip procluction, to a sense that

society is losing control of its technology, and technology is instead running society
(Giddens, 1990).
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Genetic engineering is one such technological advance that has received recent
exposure due to media coverage (i.e., the movie Jurassic Park, and the PBS television
series, The Secret of Life), and due to arguments from consumer advocacy groups that
highlight risk issues in the popular press (Rifkin, 1984; 1991; 1992). Still other
investigations have focused on the risk perceptions of technologies (Kling, 1991;
Hinman, Rosa, and Kleinhesselink, 1990) such as the computer, household appliances,
X-rays, and AIDS research.

Fear of technology and the discussion of its consequences are not new.
Technology met with increased resistance during the industrial age when Thomas
Carlyle, the famous English "litterateur” during the early 1800s (Marcus and Segal, 1989:
84), became concerned that men would not only be replaced by and dependent upon
machines, but that the skills and tasks of the workers would themselves become
mechanized. This view was contrary to that of Timothy Walker, a young Cincinnati
attorney, who, in 1831, claimed that increased technology equaled increased leisure,

which in turn equaled intellectual growth and human development (Marcus and Segal,
1989).

Thomas Hughes (1989) also has spent considerable time exploring the process of
increasing technology and how it builds itself into the social fabric. The project herein
assumes that we are at that point now — where biotechnology and its sccial impacts
are beginning to be incorporated into the fabric of daily life. This is exhibited by
biotechnological references and their increased presence in the popular media. In the
United Staies and throughout many Western countries, we eat transgenic fruit and
vegetables such as tomatoes, potatoes, and oranges. Other agricultural developments in
biotechnology include improvements in the natural pest resistance of plants, improved
photosynthesis, and crops that can thrive where the soil is saline (Albrecht, 1992). In
Scotland, Pharmaceutical Proteins Limited, in partnership with Genentech, have created
sheep that have human DNA; expected to help in the cure of some forms of
emphysema, the protein alpha-1-antirypsin is produced in the bioreactor’s, that is the

sheep’s, mammary glands and harvested through milk production (Levine and Suzuki,
1993).

RELEVANCE OF THE RESEARCH

It has been asked: what is the relevance of researching risk perceptions and public
attitudes towards science and technology? Peter Sandman (1987) has said that “the
public tends to dichotomize risk. Either the risk is very frightening, in which case the
response is some mix of fear, anger, panic, and paralysis; or the risk is dismissed as
trivial, in which case the response is apathy” (219). By defining the risks and studying
public perceptions of risks, we can, with greater accuracy, educate the public to those

risks. Risk perceptions shed light on levels of scientific literacy in general (Chapin,
1993).
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We have found four other points of relevance. They are:

*The development of technology and what applications are
successfully introduced to the public and applied
commercially, funded, or legislated depends on attitudes
and perceptions of risk.

*Educators’ perceptions are often passed on to students.
*Technology transfer — companies will invest in what
they think the public will accept, which in turn affects
profit potential. That is, the utility of a particular
biotechnical application is not enough; it needs to have
people’s acceptance for it to come into daily use.

*Many funders have little or no scientific background; they
are deciding what gets funded and rely on the media for
information (peer reviewers may help somewhat, but
explanations of reviewers may fall on deaf ears). Fear of
funding applies to fear of not funding, such as with AIDS.

In a workshop on public perceptions of risk in biotechnology, it was stated that
“leaders in biotechnology research and industry must learn to communicate effectively
with the public,” and that “there is a strong need to fund research...in the area of
biosafety assessment for genetic engineering,” (MacKenzie and Berrier, 1987:171).
Without research into public perceptions of risk, leaders of biotechnology cannot learn
to communicate the actual risks to those who will most benefit. We must communicate
science to the public to enhance scientific literacy, stimulate involvement, and sell
scientific products.

THE SURVEYS

Numerous surveys have been conducted to ascertain the public’s perceptions of risk in
regards to science and technology. During the 1950s, the National Opinion Research
Center reported that more than 90% of the public in the United States believed that the
benefits of science had generally outweighed any negative aspects related to
technological advances. Even more interesting was the statistic that nearly 100% of the
public at that time agreed that science would provide for a higher quality of life (Berrier,
1987). By the time of the 1979 survey of public understanding of science and
technology, sponsored by the Science and Engineering Indicators Program, only 78%
believed, on balance, that the benefits of scientific research outweighed the harmful

results; less than 87% agreed that science would provide for a higher quality of life
(Berrier, 1987; Miller, 1992).

Recently, perceptions of the general public have changed considerably and
scientists have been exposed to increasing scrutiny related to scientific innovation. It
seems that as science grows and the number of advances increases, there is a greater
opportunity for innovations to present problems in execution along with ethical and
moral issues (Albrecht, 1992). By 1986, confidence in American science had diminished
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even further; a study conducted by Louis Harris and Associates between October 30
and November 17 of 1986 concluded that 71% of respondents believed that science’s
accomplishments would indeed pose some risk to them and their families. The study
also concluded that respondents no longer believed that benefits would outweigh the
risks to the extent that they had believed in the 1950s. Only 62% of respondents feit that
the benefits justify the risks. Even now public confidence and self-efficacy in respects to
technology are eroding daily; it is our belief, yet to be borne out by statistical research,
that such public scandals as the human radiation experiments conducted in the 1950’s
and ‘60’s and only now coming to light increase perceptions of risk.

In November of 1993 we conducted a convenience survey on and around the
campus of Washington State University. (It should be noted that this was a limited
survey conducted in an area with high levels of education; in Pullman over 85% of those
25 years old or older have four or more years of high school, and more than 88% of 18-
24-year-olds are enrolled in college (Thomas, 1990).) Although 75% of respondents still
believe that science developments will benefit them and their families, less than 42%
believe the benefits outweigh the risks (Chapin, 1993).! The data from this survey
supports the downward trend seen in earlier surveys.

Half or more than half of the respondents consistently believe that it is not
necessary to constrain scientific research to avoid risks, and that some risks have been
exaggerated (i.e., nearly 60% disagree that science should be constrained; 67% see risks
as exaggerated) (see figure 1). One-hundred percent of the respondents have heard
about a variety of risks including radioactive discharge, acid rain, the greenhouse effect,
and antibiotic resistant bacteria. All respondents were familiar with genetic engineering
and only 25% indicated that they worried about it.
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Figure 1

More specific to biotechnology, respondents in almost all cases knew what a gene
is (91.67%), a chromosome is (83.3%), DNA is (91.67%), and genetic cloning is (91,67%)
(see figure 2). Yet the scales were balanced as to attitudes toward genetic engineering
and its role in improving quality of life; 50% mildly disagreed that genetic engineering
could improve our quality of life, while only 41.67% agreed that it would. Only 16% of
respondents indicated that genetic engineering was rarely acceptable, although
percentages were even lower for plants, bacteria, and animals. Respondents were more
likely to find genetic engineering unacceptable (up to 83% in some circumstances) when
performed on human beings (see figure 3). Interestingly, 75% disagreed that genetic

engineering was a danger to society, and 83% did not see it as a danger to them
personally.
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Figure 2

Figure 3
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Most respondents believe that exercising caution (67%) and avoidance
procedures (58%) allows people in society to avoid risk. Nearly 92% believe they can
take action to control risk in daily life, despite the fact that 75% see the world as riskier
to live in than it was 20 years ago.

It is interesting to note that two-thirds of the respondents are part of a household
in which someone holds a science-related job. Although only 25% were members of
science organizations, 50% belonged to environmental groups. Sixty-seven percent of
the respondents read or saw Jurassic Park; this may provide for an interesting in-depth
follow-up study related to media influences of risk perceptions in biotechnology.
However, of that 67%, only one respondent said that it was the first exposure to genetic
cloning information. Overall, nearly 60% had been exposed to this information before.

CONCLUSIONS

Despite the fact that scientists insist that, at this point, cloning er.tire organisms such as
dinosaurs is "...firmly in the realm of fiction" (Dugan, 1993), the layperson watching
Jurassic Park may only have that movie source as a reference point for information.
Although our study concluded that there is no relaticnship between watching or
reading Jurassic Park and risk perceptions (most likely due to the high levels of
education), without more accurate scientific information to explain the limitations of
cloning and other aspects of biotechnology, individuals in society may shape their
ideals and perc2ptions according to popularized versions of technological
manifestations. Despite these presentations in the media, however, an individual’s
sense of self-efficacy will play a key role in defining the level of risk that person will
experience as he or she becomes aware of genetic engineering advances (Chapin, 1993).

Clearly, the importance of understanding risks and risk perceptions is growing.
Science is becoming less remote from the non-scientist citizen because of media
exposure, focused efforts to improve science education and science literacy (which, in
general, have the additional effect of lessening perceptions of risk), and the transfer of
science-related information from the esoteric, highly technical realm, to that of everyday
occurrences in newspapers arnd newsmagazines, novels, on-line computer forums,
educational television shows, and even science fiction movies like Jurassic Park. Unless
scientists attenipt to possess a clearer understanding of factors shaping public
perceptions of risk, as suggested by MacKenzie and Berrier (1987), and unless they
address and correct these perceptions (or misperceptions), the zeneral public will
continue to draw erroneous conclusions from information contained in the media.

In summary, initial results indicate that there is a relationship between
biotechnology/genetic engineering and risk perceptions through the intervening
variables of seif-efficacy and scientific literacy. Future research is needed, however, to
better determine the study’s reliability.
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} ¥ All further references in “The Surveys” section of this paper are ascribed to Chapin, 1993.
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Of all the technological innovations in the twentieth century, none has had more of an
impact upon our society than the personal computer. From its origins in the 1970’s when it
was little more than a glorified calculator, it has evolved into an "information engine" which
has radically altered the way we conduct our lives. Its increasing performance coupled with
its decreasing cos¢ has made it so ubiquitous and so indispensable that it is difficult to
imagine an occupation that isn’t affected by its capabilities.

The personal computer is an agent of change, and when it comes into the workplace it
changes nearly every activity. But while this massive infusion of technology brings with it
great potential to increase our productivity as a society, it also carries some intrinsic
problems that must be dealt with. One of these problems is the difficulty of training workers
in the existing work force so that they can operate and benefit from the increased technology.
Many of these workers entered the labor market at a time when not only were computer
skills unnecessary, but simple technological devices such as typewriters and facsimile
machines were only used by a few individuals in the office. These older adults have turned
to institutions of higher education in massive numbers in order to upgrade or acquire for the
first time the computer skills necessary to operate the personal computer.

To accommodate this demand for basic computer skills, most colleges and universities
have developed courses in "Computer Literacy". These courses are a vast change from the
programming courses of the pre-personal computer days. Back then if an individual wanted
to operate a computer, they were trained as a computer professional. Today’s computer
li*eracy courses make use of the user-friendly nature of modern hardware and software, and
teach students how to effectively use the personal computer as a tool in whatever occupation
they pursue. From the basics of a keyboard layout, to the more etherial ideas involved with
electronic data storage. these students are introduced to technology that is exciting--and
sometimes intimidating.

This attempt to "teach old dogs new tricks" is not without its difficulties. Adult
learners many times have a instinctive fear of technology which leads to a considerable
amount of computer anxiety. This anxiety varies from a minor amount of stress in some
individuals, to full tlown cyberphobia (fear of computers) in others. This anxiety is a
barrier to learning, and must be dealt with by both the student and the instructor if effective
education is to take place. There are a number of causes for computer anxiety, and most of
these causes stem from some of the unique characteristics of adult learners. So before the
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computer anxiety issue can be resolved, the traits of adult learners must be examined.

One characteristic of adult learners that sets them apart from the traditional student is
that a long period of time may have elapsed since they were last in an educational environ-
ment. It is not at all unusual to find situations where ten or twenty years have elapsed since
the learner was last in school. These learners sometimes have trouble with study skills and
must be reminded of the basic methods of learning and retaining classroom information.
Many times student will try so hard to gain every detail from the text or lectures that they
become overwhelmed by trivial points at the expense of the main points.

Adult learners usually carry the extra-curricular baggage of social and family
responsibilities with which traditional students generally are not yet encumbered. Careers,
child care, marriage, housing, and care for aging parents are just a few of the responsibilities
that adult learners must coordinate with there studies. These place an additional burden upon

the learning process, and tend to enhance the anxiety that a student brings into the computer
classroom.

Many adult learners who are being introduced to computers for the first time have
deep-seated misconceptions of what computers can and cannot do. Some have the "magic
machine" misconception, where they suppose that if you learn a few magical commands a
computer can do just about anything. These students have special difficulty learning
operating system command syntax, since they try to memorize the individual keystrokes of a
command instead of comprehending reasons for the syntax. Still other students have the
"doomsday machine" misconception (derived from science fiction movies), where they are
afraid they will push the wrong key and destroy the computer, computer lab, and their grade
in the class ! These students require constant encouragement and reassurance that virtually
any error they make with the computer can be corrected.

There are a number of techniques that can be used to help overcome computer anxiety
in adult learners. They involve altering the course curricula, modifying the learning environ-
ment, or implementing new teaching techniques to better accommodate the adult learners.
These techniques are not expensive or difficult to implement, but they require the instructor
to be aware of the adult learner and their special needs that have already been mentioned.

Concerning the course curricula, basic is better. While many of the adult learners
taking a beginning computer literacy course have had some exposure to the personal comput-
er, many of them have never touched a computer before in their life. They are not familiar
with the names of the hardware elements, they don’t understand the fundamental operations
of the PC, and the buzzwords #nd jargon that are used in describing the technology are
foreign to them.

The first several classes should teach them what the various hardware elements are
called, and describe their basic operation. Things as simple as where the power switch is
located and the sequence of whether to power up the system unit or the display screen first
may seem trivial to those who have used a personal computer a time or two, but this is
important information to the first time user with a case of computer anxiety. Terms like
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"RAM", or "debug", or even "PC" should be described, since they will undoubtedly be used
in depicting even the most basic of computer operations. No assumption of prior knowledge
should be made at all when introducing the students to the PC for the first time.

In the classroom, the use of a portable computer coupled with a data projection device
is invaluable. This equipment allows the output to be projected on a screen that the entire
class can see. With this teaching aid students are able to see what the results of different
commands and scenarios look like before that personally sit down in front of the PC. This

makes them more comfortable since thcv now know what to expect when confronted with a
similar situation.

The computer lab should present a comfortable and non-threatening environment.
Labs should be "open" in format--i.e. teaching should be done in the classroom, with the lab
used for the students to work at their own speed on the various assignments that they are to
master. The "command-response” method of having the instructor give computer commands
and requiring the entire class to respond with the PC is particularly ineffective with adult
learners. Instead of comprehending why they are issuing a command, they simple perform it
in order to keep up with the rest of the class. This method also requires the entire class to
proceed at the same pace. If an adult learner begins to fall behind, they will feel frustrated
at trying to keep up with the younger students.

This open lab approach also provides another significant benefit--one-on-one time
between the instructor and the students. Many beginning computer literacy students not only
suffer from computer anxiety, but also have the need of constant encouragement from their
instructor. Instructor feedback and support if vital if these students are to gain the confi-
dence they need to venture past the basics of computer operation and begin to actually use
the PC as a tool to improve their productivity.

An important aspect in overcoming computer anxiety in adult learners involves the
selection of the software to be used in the course. At the beginning of the personal computer
revolution (circa 1980) many computer literacy courses taught students how to write BASIC
programs. While this approach may have been out of necessity due to the lack of user-
friendly personal productivity software, it nonetheless turned off a large number of people
because they couldn’t see any practical benefit to coding in a sorting algorithm. Today’s
instructor has the benefit of being able to chose from a plethora of software packages that are
relatively inexpensive, user-friendly, and powerful. Integrated packages such as Microsoft
Works have the advantage that they are several programs in one, and allow the student to
learn spreadsheets and databases by building upon the set commands they have learned while
doing word processing.

These are just a few techniques that can be used to help overcome computer anxiety
in adult learners. As computer technology becomes more pervasive, and as older learners
return to school to acquire the skills to utilize this technology, these and other methods will
become even more critical. The mixing of older adult learners and newer computer
technology is a difficuli mix, but it is a union that must be made if we are to continue to
actively progress as a technological society.

Ju




85

References

Apps, Jerold W. (1934). The Adult Learner on Campus. Chicago:Follett Publishing Compa-
ny.

Galbraith, Michael W. (1990). Adult Learning Methods. Malabar,FL:Robert E. Krieger
Publishing Company.

Keynes, Milton. (1984). Computers and Adult Learning. Stony Stratford, UK:Open Universi-
ty Press.

Miller, Harry L. (1964). Teaching and Learning in Aduit Education. New York:The
Macmiilan Company. -
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Beginning with the wheel, man has invented machines which in turn have
affected man. He has a need to invent these machines, if not for physical comfort, then

for entertainment in the form of increased stimulation, and this need keeps his brain
ticking along scientific lines of discovery.

In the late 1800’s man desired a technology to record life for history or posterity. He
wished to intimately study other men, himself, the earth and then to save these studies,
in essence to stop time, by freezing these images first in drawings and then in
photographs. While perfecting this recording process, he discovered a positive
emotional response to slight alterations, at first accidental, to the depicted reality, which
made him appear more clever, wealthier, or funnier than he truly was. As public
support for this fictionalized representation grew at an astounding rate, the
psychological aspects became full blown: the innermost secrets, desires, and fears of
man emerged from a half-conscious dream state deep in his mind, to a frightfully real
physical representation --which he could experience without physical harm.

There are those who wish to face their fears, or to always be in a sunny place with
kind people, or to reside on bizarre planets which require intricate mental dexterity for
daily survival. The presentation of these ideas on a large screen, with an image and
sound almost indistinguishable from reality, shown in a dark room to shut out the
reminder that anything exists outside of the wall of moving images -- these factors of
technology coupled with the desire to lose one’s identity, lead a more exciting life,
always with an insatiable curiosity about oneself and others -- have created for man the
blur between an objective reality and the subjective world of the screen.

Technologically speaking, man began this psychological journey into himself on
the day an astute observer noticed that an imprint was left on a wall, where an
object had been placed in front of it in a shaft of direct sunlight. Though it had taken
years for the imprint to form, the idea was born that a more light-sensitive material
could quickly and accurately capture an image. It was found that copper plates coated
with silver worked very well. Placing the light-sensitive plate IN FRONT OF the object
and bouncing a very bright light off of the object produced variations of the features due
to differing amounts of light reflected at different angles, and thus creating on the plate
an image which greatly resembled the object before it. Due to the light-sensitive nature
of the silvered plate, it was housed in a black box until exposure was intentionally
tripped by the opening of a tiny hole -- and the camera was born.

From here it was natural that those intercsted in optical illusions, those who had
been playing with flip pads of still photos or drawings, would find a way to bring these
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individual shots into a sequence which, when run at the appropriate speed, would
create apparent motion -- to the immense excitement of the viewer. The sewing
machine had been invented by this time, so the concept of intermittent movement was
in the minds of these first inventors. If the rotary motion of an etched cylinder could
move cloth along as a needle pierced the material, creating a stitch, then this same
rotary motion could move light-sensitive, by now celluloid, film along at a prescribed
speed with intermittent exposure to light, much like the piercing of the needle. The
inventors surmised that replaying this “exposed” film at the same speed, would
playback that which had been recorded, as if it were still happening before the camera.
A jolly chuckle could be had by viewing such an artificial spectacle -- which looked
astoundingly real to the turn-of-the-century patron.

These mechanical devices produced this magical effect due to the eye’s unique
property known as “persistence of vision.” The eye carries a visual ghost of an image
for a prescribed duration (like the dark spot you see for a period of time after looking at
the sun). Early films actually have a strobe effect because you can see the space between
the frames due to the slower speed. It was discovered that at a rate of 24 frames per
second, there was not enough space between pictures for the eye to lose its ghost image.
At this rate, the frames SEEMED to blend into one another, creating a frighteningly
realisticmoving image for the spectator. So if today we are viewing 31.5 minutes of
black for every hour of a movie (Mast, 1986: 10), the question starkly and clearly
emerges: how much of this experience is due to what we physically, or even perhaps
emotionally, bring to it? Is it the viewer or the technology?

Technology changes as we are numbed to current stimuli, for only when children
are tired of playing with one toy do they look around for another. When the first
audience viewed a film of a train speeding toward the camera, the spectators jumped
ont of the way. Most likely it was not even in a totally darkened room on a very large
screen. It certainly was not in color and had no sound to add what to us are necessary
dimensions of reality. But the effects of this new technology did not last very long.
Audiences began to tire of this tiick, much like their progressive numbing to violence
on the screen today. This was true in respect to technological inventiveness as well as
subjects chosen for films and the treatment of these subjects, such as Hitchcock’s style of
conservative visual violence vs. today’s graphic cinematic bloodbaths. But back to our
turn-of the century inventors. They were fueled to create more and more realistic
illusions: the people hungered for a more complete artificial experience, the technology
answered, and for a brief moment all were ecstatic. At each blooming phase of
advancement, a distinct and unpredicted psychological phenomenon was taking place:
for a sustained period of time, the spectator became a part of the world on the screen. A
form of involvement was discovered beyond the intentional effect of delight at
increasingly realistic imitations of life. But once again, how much of this is the
medium and how much is the desire of the spectator? As the intensity of the experience
is lessened due to repetition, the cry is heard today as always: “shock us more” or “take
us farther from ourselves”, and technology spins its next miracle. Now the race to feed
the hungry public imagination has led us not only to additions of sound and color, but
3-D, motion simulators, and interactive video have been born to answer the cries for
“MORE REAL! MORE REAL!”
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Evaluation of Audience Response

The following experiential exercises were used at the 1994 NASTS conference to evaluate audience response
to specific film clips:

Now let us see how we are physically affected by an experience we know is notreal.
I'd like a volunteer to hook up to the biofeedback monitor. It will measure galvanic
skin response which is akin to measuring temperature changes and perspiration. In
other words, a tone goes higher when the person gets excited.

1. A volunteer is hooked up to the biofeedback monitor.

2. The background of the scene they are about to see is explained. (John Candy has rented this car
with Steve Martin’s credit card, unbeknownst to Steve.)
3. Then the freeway scene from Trains, Planes, and Automobiles (1987) is shown.

The galvanic skin response, which to a large extent reflects heart rate, would
suggest that this person has been through a frustrating or even frightening physical
experience. Even if he has seen the film many times, he would still show a
physiological response. A part of him argues that if it can be replayed at will, it most
certainly could not be real and happening at this moment. This machine has the power
to create an illusion which can so “trick” the mind as to convince a person, at least for
the moment, that what he is seeing is not only real, but that somehow he is in the
picture and will be profoundly affected by its outcome.

How can this happen? What is in charge here, the eyes or the mind? Essentially,
either it is the eyes and ears that are screaming “this is real --it looks real, it sounds real
-- it has the magic of motion” (Andrew, 1976), and the mind fights a losing battle saying
“but I know it is coming out of an electronic box” -- OR the senses say, “The sounds are
not as clear as if they were in this room, the cutting from image to image is not quite the
way my eye would perceive.” But the desire of the mind to forgive all discrepancy for
the sake of a thrill or an escape, overpowers these shortcomings to convince the body, at
least for a moment, that it is real. Greek philosophers as early as 500 BC discussed these
exact opposing theories: whether it was the cye or the mind that play into optical
illusions. Here are the two theories taken from the Stanley Ccren and Joan Girgus'’
book The Msychology of Visual Illusion (Coren & Girgus, 1978: 3):

# 1. Parmenides stated, in 500 BC “The eye 1d ears are bad witnesses when
they are at the service of minds that do not understand their language,” the one
point being sensory inputs are variable and inaccurate, and one of the major
functions of the mind is to correct these inaccuracies to provide an accurate
representation of the external environment.

#2: The senses are inherently accurate and thus responsible for our truthful
picture of the environment, and it is the mind or judgmental capacities that
are limited.

Now for another test. We have observed the physical effects of the film experience.
Now let us focus on the emotional effects. Study your reaction to this carefully because
it is a subtle but important effect. This is a milder clip than the last one -- and I warn
you because you will miss the effect unless you sensitize yourself. I'm going to read
some lines to to you from the film The Shop Around the Corner (1940). You know I
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am real, but the people in the film are actors doing what they are told. Note which
seems to have the greater effect on you, my reading or that in the film.

1. The speech is read from The Shop Around the Corner (1940):

“My heart was trembling as | walked into the Post Office...and there you were lying in box 237.
I took you out of your envelope and read you. Read you right there... Oh my dear friend.”
2. Then the scene from the movie is played.

3. The audience is asked to compare the two experiences.

Seeing Jimmy Stewart do these lines, you have actually gone to a more unreal
delivery than my reading. But it seems to be the stronger experience because you love
Jimmy Stewart, and want fiction in a sense more than reality, or at least this reality.
Though music wasn’t added, soft lighting on Jimmy’s close up was. This brings up
technical aspects of filmmaking which are beyond the invention of the camera, and lie
in the manipulative techniques used by the director and editor. Filmmakers today
have full knowledge of the potential of humans to enter, or desire to enter, a subjective
experience. They carefully design all production elements to assist this natural
phenomenon. The number one technical goal is to never introduce incongruous
information or images which will take the viewer out of the imaginary world by
causing him to stop and think. Hence lighting must match shot after shot. An actor
must not do anything strangely out of character unless this trait is a trademark of the
filmic personality. Shots must be edited in a fluid, logical manner to carry the audience
effortlessly from one image to another. Music must be unobtrusive unless the director
desires that attention be shifted away from the image. These are all purely technical

considerations in the filmic process which allow great manipulation of an audience’s
psyche.

We must not overlook the star appeal of Jimmy Stewart. Your sighs and soft
feelings when he came on the screen represent an important psychological aspect of
human nature which the filmmaker uses to further induce psychological immersion.
Part of this reaction is not only due to his particular personality and physical traits, and
your desire to know or be such a personable type, but also the fact that you have met
him through a larger-than-life projection in a more-interesting-than-life setting and
story. He is literally blown up in your mind, and since he is a nice guy, your affections
are aroused. These same technical considerations create for you monsters and enemies
which can likewise elicit from you a very real hate.

Now considering star power, let’s go back farther in time to the world of Charlie
Chaplin. When Chaplin first came to this country from the music halls of London, his
work was pretty bawdy to the aristocracy of turn-of-the-century America. Chaplin was
under great pressure from his earliest films to depict a more dignified and kinder
persona (Maland, 1989). The gentility of the day, testifying to their belief in the power of
film, launched a massive campaign to silence him. Thus, the educated public suspected
(though did not yet fully understand) the power of the medium of film, even though
the camera had only been in use for about 15 years. Scenes such as the following met
with great criticism from the social elite. The first was made in 1919, the second in 1927.

The Conferees are shown two scenes. The first is of a woman being used as a gang plank and then
Chaplin’s attempt to fish her out of the water with a gaf hook -- all very comically handled. This scene
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isfrom A Day’s Pleasure, 1919. The second scene is of Chaplin eating a hot dog from a baby’s hands in a
scene from The Circus, 1927.

| You will note that Chaplin toned down his physical style quite a bit between 1919
and 1927. His art was profoundly effected by the society of his day in many ways.
Historically, this was the beginning of the clear-cut argument between film themesand
headlines: Are films created to reflect the thinking of the public, or is this medium

really powerful enough to influence the public to follow its example? Interestingly
enough, Chaplin insisted that film at all times should reside on the loftier plain of art,
never seeking to imitate reality. This was precisely his argument when he refused to
introduce sound into his films. But much of his filmgoing public began to pass him by, -
preferring realism, by then nrecessary to allow even the most casual movie goer’s

submersion into the artificial cinematic world, an experience to which he had become
increasingly addicted.

So just as the first train film lost its power to jolt the audience out of its seat, so the
antics of Charlie could not compete with the compelling new technology of sound.
Economic considerations finally curbed the artistic expression of Chaplin, and he
reluctantly entered the world of the “talkie”. Once his voice found play through the
technology of film sound, he began a constant stream of symbolic attacks which would
not be quieted until social and political pressures forced him into self-imposed exile.
Yes, Chaplin’s art was profoundly affected by the society in which he found himself --
this in response to a battle waged by those who felt his art could have significant and

lasting effect on its viewership. In any case, both preceded and also followed the other,
the old chicken and the egg scenario.

Now let us consider the psychology of the person who would get so very swept *
away in the film world that his behavior would be affected when he left the theater. In
1951, the writer Eric Hoffer published a study of the personality types of people who join
mass movements. It is my contingent that this is the same type of person, a “follower”,
who would be inordinately affected by the large screen image and take up the battle for a
fictional character or world. In Hoffer’s book The True Believer, he dissects what
causes a person to become a “Follower.” He notes:

All ... movements, however different in doctrine and aspiration, appeal to the

same types of mind....starting out from the fact that the ‘frustrated’” predominate

among the early adherents of all mass movements and that they usually join of
their own accord, it is assumed that frustration of itself, without any proselytizing
prompting from the outside, can generate most of the peculiar characteristics of the

true believer. (Hoffer, 1951: ii.)

He goes on to state that among these attributes are: a desire for change, for substitutes,
for relief from boredom, and a self-loathing which finds expression in hating another
cause Or person.

Boredom was a large factor in the lives of the people who were trying to control
Chaplin. Perhaps they so feared their own potential to be led, that the power of the new
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technology promised to send them into tailspins from which they had to protect
themselves. Hoffc . mentions how Hitler made full use of ‘the society ladies thirsting
for adventure, sick of their empty lives, no longer getting a kick out of love affairs’
(Rauschning, 1940:268). He was financed by the wives of the great industrialists long
before their husbands had heard of him (Hoffer, 1951).

The movement against Chaplin’s work smac ked of other traits from the Hofferlist
as well, , most notably the hatred factor:

[Violence] can rise and spread without belief in a God, but never without belief

in a devil... One of Chiang Kai-shek’s most serious shortcomings was his failure

to find an appropriate new devil ...at the end .of the war. The ambitious General

was perhaps too conceited to realize that it was not he but the Japanese devil who .

generated the enthusiasm, the unity and the readiness for self-sacrifice of the

Chinese masses. (Hoffer, 1951: 90)

It appears painfully true that those who oppose freedom of expression of the artist are
those very persons who risk being most swept away by art’s influence. Yes, the
psychological profile for these two groups are identical.

Here I would like to add that children are naturally followers until they have lived
through enough experiences to begin to make up their own minds. Their subjective
and objective worlds are naturally blended, thus, the imaginary world is quite easily

“confused with the real one. For this reason, I take special care with any film work I
know will be viewed by young audiences. The weight of the responsibility is quite clear
-- and other filmmakers who understand the potential power of what they are creating,
likewise choose their subject matters and treatment of those subjects carefully. But in
most cases, as even in Chaplin’s case, economics proves the greater factor. As long as
the public financially supports screen violence, it will be with us.

At this point, I have reached a conclusion not entirely to my liking. I would so
love to espouse the technology of film as the single most powerful influence on human
behavior since the dawn of civilization (as most of you as technical thinkers would
likely enjoy hearing), and it is this exact notion that prompted me some years ago to
pursue a career in film production. But it is becoming more and more apparent that
the elements that would push a person over the edge into the imaginary world come
from within him, rather than without. We may only be a link which some other
mediocre influence may have served just as well. You be the judge.

It is a well-documented fact that Canada has for many years received the same
television programs and movies that we have in the U.S. Yet the crime rates are
astoundingly different. Last year there were 68 deaths by hand guns in all of Canada.
Obviously there are other factors more prominent than the hypnotic effect of screen
dramatics.

I was recently working on a documentary about criminal teenagers. When
questioned about his motives for repeated car thefts, burglaries, and assaults, one 16 year
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old told me that when he got bored, it was so bad he couldn’t stop himself, and he
would go get his buddies and they would go beat up somebody or steal something. This

seemed a much more dominant motivation for this young man’s violence than any
outside influence.

In summary, the technology or filmmaking has achieved such a high degree of
realism, improving itself with each psychological discovery and each new desire of an
ever-more sophisticated audience, that we are now on the threshold of an interactive
experience which will allow reality to enter the fiction to such an extent that these lines
may be blurred forever, even for the most sophisticated observer. It is well to consider
the power cf technology at such times as these.

Perhaps it is not that the technology is so incredible, but that life itself is so
incredible that we are transfixed at such a graphic opportunity to view it, for your heart
rate will also change when you are shown a disturbing photograph. Likewise
prehistoric etchings on a cave wall, totally removed from any technelogy or mechanical
assistance, if depicting the scenes of a violent battle, can be =erily disturbing, the
crudeness of the medium actually contributing to the sense of imminent reality.
Similarly viewing a 1940 Jimmy Stewart scene in black and white pulls you into the
‘40's, rather-than distancing you because the technology seems to be less real than what
you are used to today. This is because you desire to enter that world. Instead of insisting
that it come to you, you not only forgive all crudeness, but take it as a sign that you are
in fact entering another time and place.

In closing I would like to show one last Chaplin clip. Chaplin was the greatest
master of this technology during his time or perhaps any time -- being the composer,
writer, director and performer -- and yet he understood that ultimately the power of
sway resided in the people. This clip is Chaplin’s comment on the fleeting nature of
stardom, a wink to his fickle public concerning the precarious state of a filmic persona.

The closing scene from The Circus (1927) is shown. It portrays the tramp crumbling a paper star,
bouncing it off of his foot, and walking off alone across .he abandoned circus yard.
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INCORPORATING ENVIRONMENTAL EXTERNALITIES
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The utility industry in the United States is a major contributor to environmental damage,
as a result of the combustion of fossil fuels in the production of electricity. Two-thirds of
national sulfur dioxide (SO) cmissions and one-third of national nitrogen oxide (NOy)
emissions, which react to cause acid precipitation, are generated by the utility industry.
Generalting electricity in the United States causes 11% of global carben dioxide (COy) emissions,
the principal greenhouse gas, and one-third of the national CO; emissions (Pace University
Center For Environmental Legal Studies, ct al., 1990). Electricity markets largely ignore the
environmental and social costs resulting from poliutants that arc emitted during the production of
clectricity. Many states, however, are aiiempting to reverse this trend.

Scveral state public utility commissions have developed monetary environmental
externality values for cach pollutant relcase.i when fossil fucls arc burncd to produce electricity.
These states vary in the extent to which they require the utilities operating in their state to
consider these valucs during their resource sciection process.

This paper discusses the two widely used mcthods for valuing cnvironmental
externalities: control costs and damage costs. In addition, the activities of two states are explored
in detail, identifying both the methods used to cstimate cnvironmental externality values and the
policies that require utilitics to incorporate these valucs into their planning process. Several
cunclusions arc drawn and suggestions for future policy dircctions are offcred.

I. BACKGROUND

Externalitics include those costs imposed on society that are not included in the cost of
production. Economists argue that sub-optimal cconomic outcomes occur when external costs
are not factored into the price of a good or service. If the price does not reflect all costs, both
internal and external, socicty will tend to consume "too much" of the good. Figure 1 illustrates
this situation graphically.
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Figure 1
Incorporating Externalities
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A producer's supply curve equals the upward sloping portion of their marginal cost curve.
Including external costs would move the marginal cost curve up represented by a shift in the
supply curve from Sy to Sz, Prices will rise and consumers' demand will shift from Qj to Q2.
Therefore, consumption dcclines when external costs are factored into the price, thus, securing a
socially optimal allocation.

II. ENVIRONMENTAL EXTERNALITIES FROM GENERATING ELECTRICITY

Environmental degradation, resulting from the combustion of fossil fuels, began with the
transition from a wood-based economy to onc dependent on fossil fucls. This process was
accelerated in the aincteenth century and carly twenticth century as a result of the industrial
revolution (Melosi, 1992). Steam engincs, operated by the combustion of coal or oil, were used
to power trains, industrial processes, and a variety of other applications. Over the years, the
commertcial and industrial sectors turned to electricity to meet their energy needs. For example,
the steam engine was replaced by the clectric motor in stationary applications, taking over the
position as "workhorse of American industry." In addition, entreprencurs such as Samuecl Insull
were aggressively pursuing rural electrification and market consolidation. These entreprencurs
were cstablishing large clectricity markets to capture the cconomies of scale resulting from
expanding clectricity production (Kahn, 1988).

These changes gave risc to an cnormous centralized electricity industry, which burns
fossil fuels as the primary means for producing clectricity. Initially, the ncgative cnvironmental
impacts from the acquisition and combust.on of fossil fucls were regional, such as air pollution
and oil spills (Mclosi, 1992). Today, we continue to face regional environmental damage from
burning fossil fucls to produce clectricity. However, we also face the potential for negative
cnvironmental impacts on a global scale. The following scction discusses three specific
cnvironmerdal impacts resulting from the production of electricity through the combustion of
fossil fucls.
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Acid Rain

The combustion of fossil fuels in the production of electricity releases sulfur dioxide
(SOy) and nitrogen oxide (NOx), which combine with water in the atmosphere to form acid
precipitation. In the early 1980s, a variety of studies claimed that highly acidic precipitation,
caused by ulility and heavy industries, was destrcying the nation's lakes, forests, other natural
resources, and even man-made buildings . '

When it rains or snows, acid is deposited over huge stretches of land, causing disruption
to both ecological systems and man-made structures. Acid-deposition results in leaching of
essential nutrients from plant foliage and forest soils damaging vast stretches of forested land
(MacKenzie, 1992). Acidification of lakes and streams can harm much of the plant and aquatic
life, resulting in "dead" lakes and streams. In addition, acid precipilation causes degradation to
the exterior surfaces of buildings and other man-made structures, like automobiles.

Air Pollution

Air pollution is another problem dircetly associated with the combustion of fossil fuels in
the production of elcctricity. There arc two major components of air pollution that result from
generaling electricity: ground-leve! ozone and suspended particulates. Sunlight, acting on NOy,
carbon monoxide (CO), and certain organic compounds, results in ground-level ozone (Fulkerson

et al., 1990). Suspended particulates are unburned fuel particles that escape through smoke
stacks and contribute to air pollution.

Not only is air pollution acsthetically unpleasant, but it can have significant negative
health impacts. Breathing contaminated air can result in a varicty of respiratory problems. In
addition, ozonc is known to causc eyc irritation and is belicved to weaken the human immune
system (MacKcnzic, 1992). The costs associated with the adverse health problems caused by air
pollution arc not currently factored into the price of electricity.

Global Climate Change

The production of electricity through the combustion of fossil fuels rcleases carbon
dioxide (CO3), a major contributor to global warming. One third of CO; emissions in the United
States is a result of burning coal for generating elcctricity and industrial purposes (MacKenzie,
1992). Many scicntists claim that a general warming of the earth's surface is occurring due to a
build-up of greenhouse gases in the atmosphere, like CO2. This trend is expected to continue if
efforts to reduce these gases are not undertaken in an aggressive manner.

The exact environmental impacts of global warming arc unknown and at this time arc an
arca of continuing dcbate. In general, changing weather patterns arc cXpected to disrupt
agricultural production and lead to the loss of plant and animal lifc. In addition, scicntists claim
thut the sca level will rise due o global warming. This could displace millions, perhaps billions,
of people world-widec.

The potential problems of global warming remain largely a concern of scicntists and
environmentalists, while governments are hesitant to act in light of great uncertaintics about the
grecnhouse problem. The unknown cffects and their potential for cnormous impacts have yet to
be determined, let alone incorporated into the expected future costs of clectricity.
i1l. METHODS FOR ESTIMATING ENVIRONMENTAL EXTERNALITIES

Policics for incorporating environmental concerns into energy markets can be placed into
one of two general catcgorics: pollution standards and market mechanisms.  Pollution standards

103




98

involve those policies that set specific limits on the amount of a ccrtain pollutant that can be
relcased into the atmosphere. A company that exceeds these limits is forced to take actions
which would bring their emissions level into compliance with the standards. An example of this
type of policy is the National Ambient Air Quality Standards (NAAGS). The Environmental
Protection Agency {EPA) set specific air quality standards for different regions of the country,
requiring each state to submit a comprehensive plan for meeting thesc air quality standards.

Although pollution standards have been widely used to date, market mechanisms for
incorporaling environmental concerns into encrgy markets are gaining acceptance in policy
circles. Market mechanisms involve policies that influence the supply and demand for a good or
service in order to achieve environmental objectives. Financial incentives, such as pollution fees
or taxes, are put in place to motivate compznies to reduce their emissions of a certain pollutant.
An example of this type of policy would be a tax on SO, emissions.

Recently, various market mechanisms have been applied in electricity markets in an
effort to internalize the external costs imposed upon society from generating power. The
economic concept of an externality discussed above is crucial to the understanding of these types
of policies. In particular, the economic theory of externalities suggests that the external costs be
cstimated and then incorporated into the price of the good or scrvice. The policy dilemma
involves determining the magnitude of the external costs from the production of electricity. This
is one of the challenges facing state Public Utility Commissions (PUCs).

Quantifying and Valuing Environmental Externalities

The exclusive reliunce on the internal costs of generating electricity for sctting prices is
becoming increasingly questionable (Hohmeyer, 1992). However, the appropriate method for
quantifying and valuing cnvironmental externalities associated with generating electricity is
currently a subject of considerable debate. This debate results from both the complexity and
subjectivity involved in estimating eavironmental externalities. Much uncertainty exists in both
determining the associated damages from various pollutants and assigning a dollar value to these
damages. The regulatory challenge involves balancing the social bencfits with the social costs of
generating electricity to arrive at an optimal level of emissions reduction. Two methods are
currently being used to estimate environmental externalities, or social costs associated with
electricity production.

Control Costs Approach

The control cost method uscs estimates of the costs to control, reduce, or prevent the
release of a particular pollutant into the air to determine the externality value for a particular
pollutani. For example, the cost of a flue gas scrubbing systems, a device placed on the end of a
smoke stack to reduce SO2 cmissions, equals the externality valuc for the emissions that are
avoided as a result of implementing the technology. This method implies that the cost of the
technology is cqual to the damage that would result if the avoided emissions were released into
the air. There is no empirical evidence to support this rotion. As a result, usc of the control cost
method for cstablishing externality values has been justificd on other grounds.

The justification for using control costs as opposed to damage costs, aside from the
difficultics in calculation, is that they represent a proxy for what socicty, as a whole, is willing to
pay to avoid damages from the pollutant (D.P.U. 91-131, 1992: 34). Furthermore, control cost
estimates are justificd based on the implicit assumption that regulators accurately incorporate the
voting publics' willingness to pay for environmental control programs, through the political
process.
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This justification for the use of control costs is based on the notion of regulators'
"revealed preference," where all existing and proposed environmental regulations are analyzed to
determine the value that society implicitly places on specific environmental damages. Bernow
anc Marron (1990) provide a further description of the rationale for using this approach.

In analyzing the regulations, we can identify the highest (or marginal) cost reduction
strategy required by regulation. This can then be taken as an estimate of the value that
regulators (society) have placed on air emissions. At the very least, it can be argued that
this value represcnts the "revealed preferences” of regulators, and that to be consistent, it
ought to be applied when decisions affecting environmental impacts are made (pp. 4-5).

Thus, the highest marginal control cost is assumed, under this method, to implicitly represent the
externality value of the emission under consideration.

The simplicity of using the control cost method to value externalities is alluring;
however, this method has fundamental theoretical flaws that bring its validity into question.
There is no empirical evidence to suggest that a simple relationship exists between control costs
and the environmental damage costs that would occur if a certain level of emissions reduction
were not achicved. For example, a particular pollutant may have extremely harmful and costly
effects on the environment, yet cost very littlc to mitigate. Thus, the use of control costs as a
proxy for the potential damage causcd by a pollutant has no theoretical foundation.

In addition, it is assumcd that the political process determines the optimal level of
pollution. Regulators will choose an optimal emissions level rcduction by equating marginal
costs to marginal bencfits. Implicit in this assumption is that regulators have some knowledge
about what the marginal benefits and costs of pollution abatement are while setting regulations.
It is unlikely that the costs of controlling a certain pollutant or thc marginal bencfits are known

during legislative dcbates. Thus, rcgulators will be unable to set socially optimal emissions
rcduction levels.

The control cost approach has been widely criticized for these and other reasons,
including the difficultics in determining the control costs associated with CO3 emissions. The
cost of contiol method is appcaling due to the case in implementation, yet it lacks a sound
theorctical basis. Although cost of control cstimates have survived rcgulatory review, the
majority of policy makers and prominent researchers have rejccied this method in favor of the
damage cost approach.

Damage Cost Approach

The damage cost approach has been embraced as the most theorctically attractive method
for estimating cxternalitics; however, there are numerous mcthodological hurdles which impede
its implementation. This approach involves a two step process.  First, the physical damage to
both humans and the cnvironment, resulting from various pollutants relcascd during the
production of cleetricity, arc cstimated. Sccond, a valuc representing societics' willingness to
pay to avoid thcsc damages is cstimated. Both steps involve substantial methodological
challenges and subjectivity. The general appeal of the damage cost mcthod for valuing
cnvironmental externalitics is its foundation in cconomic theory.

When implementing a damage function approach, the eatire fucl cycle must be taken into
account. Bascd on this approach, all cmissions associated with cxtraction, production,
transportation, distribution, and those associated with the production of clectricity must be
cstimated. The human hcalth impacts and all environmental damage associated with the
aggregate fuel cycle emissions need to be estimated. This poses an immensc analytical challenge
involving cxtensive data collection, modeling, and calculations. There is much scientific
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uncertainty regarding the exposure-response relationship between pollutants and the
environment. For example, it is difficult to accurately establish the number of respiratory cases
resulting from ground-level ozone. This uncertainty is magnified when the discussion turns to

CO; and global warming -- no one knows with certainty the environmental impacts which will
result from global warming.

However, if we can establish some rcasonable damage functions resulting from electricity
generation, we then have to place an economic value on these damages. Ultimately, values must
be placed on health and mortality risks in order for analysts to determine the dollar value society
places on avoiding the risk of sickness or death. In addition, economic values need to be
established for various aspects of the environment. For example, the value society places on
avoiding the destruction of forests and lakes from acid rain needs to be estimated.

The risk of sickness or death and the environment are considered non-market goods,
meaning they are not traded on the private market and thercfore do not have an explicit economic
value. Two main methods are used to estimate economic values for non-market goods: revealed
prefcrence methods and contingent valuation methods. Both methods have their strengths and
weaknesses and both pose substantial analytical challenges. Despite these challenges, several

states have taken steps toward incorporating externalities into electricity markets through the
resource sclection process.

1V. STATE ACTIVITY IN DEVELOPING AND USING ENVIRONMENTAL
EXTERNALITIES '

The issuc of developing environmental externality costs and incorporating them into
electricity markets has not been fully addressed at the federal level. However, many state public
utility commissions (PUC) throughout the United States have been actively pursuing this issue.
PUCs face two interrelated policy decisions that must be addressed when considering
environmental externalities in utility planning. First, they have to approve a method for
quantifying and valuing environmental externalities associated with the production of clectricity.
The main mcthods used to perform this task were discussed in the previous section. Next, state
PUCs nced to determine how these externality values should be used to influcnce clectricity
markets.

State requircments for the consideration of environmental externalitics by utility
companics vary considerably in their scope and complexity. Most states have investigated the
usc of environmental externalities in utility planning. States can either require qualitative or
quantitative consideration of environmental externalities. Of the thirteen states that require
quantitative consideration, only five have endorsed specificd monetary values for external
environmental costs: California, Massachusetts, Nevada, New York, and Wisconsin (ADSMP,
1993). In the following scction I discuss in detail how both New York and Massachusetts
developed externality values and incorporated them into their utility planning process. The
discussion will be limited to the externality values for CO2, SO2, and NOx emissions. (See
Table 1).
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Table 1
Environmental Externality Values
New York / Massachusetts

New York Massachusetts

SO2| $ 1,271 / ton| $ 1,500 / ton

NOx|{ $ 6,081 / ton $ 6,000 / ton

CcO2 $ 107 / ton $ 24 / ton

New York

New York was the first state 1o mandate that utilitics explicitly consider environmental
externality values in the resource sclection process. In 1989, average control cost calculations
were first applicd on a mixture of an advanced control technology (ACT) and low-cost control
technology (LCT) at an existing coal-fired generating facility (Fenichel, 1993). In 1991, New
York changed their valuation methods. SO; externality values were developed using the damage
costs method; whereas, CO2 and NOx exlernality values were developed using the regulators'
"revealed preference” method, based on the highest marginal control cost for these pollutants.
Their change in methodologics paralicled the rescarch communities rejection of the average
control cost valuation method.

The ECO Northwest study estimated that 95% of the reported SO related damages were
human dcaths. Therefore, New York decided to use only the risk of mortality to devclop
externality values for SO2 using the damage cost approach (New York Encrgy Office, 1991).
They cstimated that 12.44 deaths per year would occur from the SOz emissions cap sct by the
National Ambicnt Air Quality Standards (NAAQS). Reclated studies were analyzed to determine
what valuc humans place on a 0.001 percent {1/1,000) risk of death. The~¢ studies suggested that
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humans placc a valuc ranging from $20.00 to $60.00 on the 0.001 percent risk of death. Thic
translates into a $2 million to $6 million valuc of a human lifc (New York State Erergy Office,
1991). Using the mid-point of $4 million, New York’s SO tonnage cap translates into $50

million of damage costs. Therefore, the environmental externality value per ton of 8Oz is
$1,271.

Damage cost estimates for COp and NOy were not avadable for New York State. Thus,
the regulators' "revealed prefercnce™ method was used, based on the highest marginal control
cost. Existing and pending legislation was analyzed to determine the highest marginal cost to
comply with these regulations. The Clcan Air Amendment Act (CAAAj of 199C sct limits on
NOjx emissions; thus, the highest marginal control cost of mecting CAAA standards was used to
infer a marginal damage cost point. Since CO3 is not a rcgulated pollutant the highest marginal
control cost was based upon achieving a 10% reduction in CO; cmissions from 1988 levels.

These methods resulted in a $6,081 per ton cxternality value for NOx and a $107 per ton valuc
for COy.

New York’s PUC uscd these valuces to establish environmental adders and mandated their
use in the resource selection process. Specifically, New York State uscs environmental adders
for incorporating cnvironmental externalitics into the utility bid cvaluation process for all new
supply-side and demand-side projects. The environmental adder is considered with all other
project costs when the utility is sclecting resources to meet future demand. This method makes
environmentally dirty projects more expensive relative to other less polluting projects. This
mecthod represents a partial mechanism for internalizing the external environmental damage costs
into electricity markets.

Tle state PUC established a maximum 1.4¢ per kWh environmental adder based on the
most ecnvironmentally damaging resources (Fenichel, 1993). This value was developed based on
a combination of thc externality cstimates for cach emission discussed above.  Energy
conservation projccts are assumed to have no environmental impact, thus, receiving the full 1.4¢
per KWh credit. A project is accepted only at the tid price, not including the environmental
adder. Environmental externalities arc internalized only to the extent that a project is sclected
over less expensive projects. In addition, this method only impacts future resources, ignoring the
environmental externality costs associated with current electricity gencration facilitics.

New York’s treatment of environmental externalitics is not consistent with the underlying
cconomic thecory. While their extensive analysis to gencrate SOz externality valucs using the
damage cost method is based on sound cconomic principles, the method used to calculate CO2
and NOy externality values is based on the regulators’ "revealed preference” method. This
method rests on the often faulty assumptions that regulators act rationally and attempt to choose
environmental regulations based on some knowledge of the marginal damage cost.

Morcover, these externality values, once determined, are not fully internalized into New
York’s encrgy markets. Internalizing externality costs allows consumers to reecive proper price
signals. However, New York’s treatment of externality values does not atlow consumers to
receive corrcet price signals. Thus, consumers will continue to consume clectricity at socially
sub-optimal lcvels.

Massachusetts

Massachusetts first bcgan to investigate the use of environmental externalitics tn utihty
integrated resource planning (IRP) in 1988. By August, 1990, the Massachusctts Department ol
Public Utilitics (DPU) ordered utilitics to use monetized environmental externality values for all
filings involving resource cost-cffectiveness tests (Fenichel, 1993). The Massachusetts DPU
relicd on externality values for certain pollutants based on a study conducted by the Tellus
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Institute. The Tellus Institute deveioped externality values based on control costs or regulators’
"revealed preference” method. They analyzed existing and proposed legislation regulating cach
pollutant to arrive at the highest marginal control cost reduction stratcgy to comply with thesc
rcgulations. : .

Both SO; and NOy are federally regulated with state emission levels set by the NAAQS.
The NOy exlernality value of $6,500 per ton was based on the cost of installing selective
catalytic reduction on a 10 MW natural gas turbine. This technology has been decmed the best

available control technology (BACT); thus, representing the highest marginal control cost to
comply with NAAQS.

The externality value of $1,500 per ton of SO, was based on the cost of installing flue gas
scrubbing sy stems on utility gencrators. Again, the cost associated with this technology is
considered the highest marginal control cost, which is then assumed as the amount society is
willing to pay to avoid the damage associated with one ton of SO emissions.

Since CO;y is an unregulated pollutant it is impossible to dircctly apply the regulators’
"revealed preference" method. The Tellus Institute used the costs associated with planting trees
to develop a carbon sink as the highest marginal control cost value. Massachusetts DPU fecls
that global warming is a real and substantial threat, thus, adopting a $24 per ton externality value
gencerated from the Tellus Institute’s analysis.

Massachusclts approach to internalizing external costs of gencrating ciectricity is similar
to New York. In general, Massachuscits cnvironmental externality policy is intended to
influence Massachusctts utilitics to acquire resources that are least-costly to socicty (D.P.U. 91-
131: 92). Ulility companies are required to take into account externalities that would be caused
by the resources under consideration.  Environmental externality values have been applied to
utility resource planning and demand side management (DSM) cost-cffectiveness tests. Coal-
fired generation facilitics cannot compete with gas-fired generation facilities when including
cnvironmental externality values into the cost of the facility. In addition, DSM activity has
increased by approximately 3% duc to the inclusion of externality values (Freyer, 1993). Again,
Massachusctts' trecatment of externality values represents a partial mechanism for incorporating
these values into clectricity markets. Since external costs are not fully internalized into the price
of clectricity. As a result, society will continue to consume "too much" clectricity.

V. CONCLUSIONS

Current state requirements for including environmental concerns into encrgy markets do
not fully internalize all external costs from producing clectricity into the price. Consumers
continuc to receive incorrect price signals, leading to socially sub-optimal levels of consumption.
A pollution tax could be used as a mecans for internalizing cxternality costs associated with
gencerating clectricity.  This method is considered thc most cquitable and cfficicnt way to
internalize environmental externalitics (Pace University Center For Environmental Legal Studics,
etal., 1990)).

The revenuces generated from a pollution tax would be used to cstablish an environmental
fund to repair the damages that have already occurred. In addition, this fund could be used to
finance rescarch and development in the arcas of cnergy cfficiency and rcnewable cnergy
sources. Socicty needs to explicitly recognize the environmental damage caused by our daily usc
of clectricity. A pollution tax on clectricity would be a step towards explicitly acknowledging
the relationship between cnergy consumption and the quality of the environment.

As discussed in this paper, the current mcthods used to cstimate cnvironmental
cxternalitics presents theoretical and practical challenges. The control cost approach lacks a
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sufficicnt thcorctical basis and represents an attempt to mercly adjust current generation
technologics with pollution control devices. On the other hand, damage cost estimates will never
capture all the damages which result from the production of clectricity. Large sums of research
dollars arc being spent to determine the damage to humans and the environment from the
production of clectricity. Thesc cfforts arc counterproductive. Resources would be better spent
on increasing the adoption of energy efficient technologies and renewable cnergy sources.

Incorporating environmental cxternalities represents an adaptation to current generation
technologies; whereas, a change in our current cnergy systems is required for long-run
sustainability. Policies should be more aggressive in the arena of promoting energy efficiency
and renewable encrgy sources. Increased efficiency lowers encrgy consumption which reduces
the potential cnvironmental and social costs associated with the production of electricity.
Renewable encrgy sources do not causc substantial environmental externalitics, thus, should be
the basis for future energy systems.
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TWENTY YEARS AFTER THE ENERGY CRISIS

by John L. Roeder
The Calhoun School
433 West End Avenuc
New York, NY 10024-5799
(212)-724-1980

It was December 1973. Because the U.S. had supported Isracl in response to an October attack by Egypt and
Syria, Arab nations had embargoed oil sales to the U.S., and gasoline was in short supply. My local gas station
had no gas at all to scll for weeks at a time, and I had to drive farther to get what I could buy. The day after
Christmas we went to Kentucky to move our things to New Jersey. Our trip back in a U-HAUL truck began on a
Saturday afternoon, and I can still remember cntering the Pennsylvania Turnpike shortly before midnight, not
knowing whether I would be able to find cnough gasolive to make it all the way through. (Due to the gasoline

shortage, Presi.ont Nixon had asked gas stations to closc on Sundays, and the Pennsylvania Turnpike had
complied.)

In the wee hours of Sunday morning I found the gas stations of Breczewood, PA, lit up like Las Vegas. But
the refueling possibilitics were narrowed to an cmergency ration delivered by a Turnpike vehicle as dawn crept
over Norristown. It was the first time I paid more than a dollar for a gallon of gasolinc.

A few years later we again endured the shortages of gasoline -- at least on the East Coast, where the days cars
could receive gasoline were restricted by whether the license plate number and day of the month were both odd or
even. This time it was the summer of 1979, and the cause was once again rooted in the Middle East: because of

its kindness to the deposed Shah of Iran, the United States was no longer being sold Iranian oil by the Ayatollah
Khomeini.

A number of studies of past U.S. energy use and predictions of its future cmerged during the years between
the two energy crises faced by the United States in the 1970s. Two were sponsored by the Ford Foundation --A4
Time to Choose (1974) and Energy: The Next Twenty Years (1979). Also published in 1979 was the Final
Report of the Committee on Nuclcar and Alternative Encrgy Systems (CONAES) of the National Research
Council, Energy in Transiiion: 1985-2010, and the first report of the Energy Project at the Harvard Business
School, Energy Future, by Stobaugh and Yergin. Those ycars marked the evolution of ERDA (Energy Research
and Development Agency) into DOE (Department of Energy), with a subsequent series of National Energy Plans.

It is now twenty years after that first cnergy crisis spawned by the Arab oil embargo. How have America's
"production" (more correctly, conversion of encrgy fo a convenient form) and “"consumption" (conversion of
energy from a convenicnt form) matched the predictions of these carlier studics? How well have we done in using
energy more efficiently? To what extent have we been able to develop alternatives to our traditional fossil fucl
energy sources? Have we learned from the two gasoline shortages of the 1970s to be prepared if another should
occur tomorrow?
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The accompanying table shows the energy produced, imported, exported, and used (in quads, or quadrillion
Btu) by the United States, 1973-1991, obtained from the Energy Information Administration of DOE. The
tollowing graphs are based on these data.

1973 1974 1975 1976 1977 1978 1979 1930 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Coal Production 14 14.1 15 15.7 15.8 14.9 17.5 18.6 184 18.6 17.3 19.7 19.3 195 20.1 20.7 21.3 225 21.6
Nat. Gas Production 22.2 21.2 19.6 19.5 19.6 19.5 20.1 199 19.7 183 165 179 17 16,5 17.1 17.6 17.8 184 18.4
Oil Production 19.5 18.6 17.7 17.3 17.5 18.4 18.1 182 181 183 184 188 19 184 17.7 17.3 16.1 156 15.6

NGPL Production 26 25 24 23 23 22 23 23 23 22 22 23 22 22 22 23 22 22 23
Hydro Production 29 32 32 3 23 29 29 29 28 33 35 34 29 3 26 23 28 29 29
Nuclear Production 0.9 1.3 1.9 21 27 3 28 27 3 3.1 32 35 42 45 49 57 57 62 6.5

I

Other Production 0 0.1 01 ¢ 01 0.1 01 01 01 01 01 02 02 02 02 02 02 02 0.2
Total Production  62.1 60.8 59.9 59.9 60.2 61.1 63.8 64.8 644 63.9 61.2 659 64.8 64.3 64.9 66.1 66.1 67.8 67.5
Imported 147 14.4 14,1 168 20.1 193 196 16 14 12.1 12 12.8 12.1 144 158 17.6 19 19 18.4
Exported 21 22 24 22 21 19 29 37 43 46 37 38 4.2 4 38 41 48 49 5.2

Total Consumption 74.3 72.5 70.6 74.4 76.3 78.1 78.9 76 74 70.5 70.5 74.1 74 74.2 76.8 80.2 81.4 813 81.5
Residential/Comm. 24.1 23.7 23.9 25 25.4 26.1 25.8 25.7 25.2 25.6 25.6 26.4 26.7 26.8 27.6 28.9 29.4 28.9 29.6

Industry 31.5 30.7 28.4 30.2 31.1 31.4 32.6 30.6 293 26.1 257 27.8 27.2 26.6 27.8 29 29.4 299 29.7
Transportation 18.6 18.1 18.2 19.1 19.8 20.6 20.5 19.7 19.5 19.1 19.1 19.9 20.1 20.8 21.4 223 22.6 225 22.3
Electricity 19.9 20 20.3 21.6 22.7 23.7 24.1 245 24.8 243 249 26 26.5 26.6 27.6 28.6 29.3 29.6 29.9

U. S. Energy, 1973-1991, in quadriilion Btu (quads)
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US Energy Consumption (Quads by year)
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From the first graph, US Energy Data, we can see that U.S. energy production has shown only a very gentle
increase during this time, while consumption conspicuously decreased for the two years following the 1973 and
1979 gasoline shortages. The last graph, US Energy Consumption, shows that thc decreased energy
consumption is primarily due to the industrial scctor, whose energy consumption has been lower than its 1973
value ever since. This is not tzue for energy consumption in the residential/commercial and transportation sectors,
which have shown a gradual increase, while electricity (whaose use is actually distributed among the industrial,
residential/commercial, and transportation sectors and is also included in their total energy consumption) kas
shown a much greater increase. The continued increases of encergy consumption in the nonindustrial sectors
caused total U.S. energy consumption to peak at 81.5 quads in 1991.

In energy production, the graph of US Fossii Fucls Production shows fluctuating oil and natural gas production
and an overall incrcase in coal production, while NGPL (natural gas propane liquids) production remained
virtually constant. The graph of US Nonfossil Fuels Production shows that hydroelectric production has
remained relatively constant while nuclear cnergy production has shown an overall increase (which is soon
expected to platcau). Production of energy from "other" sources, which include nonhydroelectric rencwables, has
not progressed well at all.

Or at lcast that's the way it appears until one notices the caveat under production of encrgy from "other"
sources, that only the use of "other" sources to generate clectricity is included and that an additional 2.4 quads of
energy is estimated to have come from wood in 1987. In fact, further examination shows that over 90% of the
"other" sources of production is geothermal, while 3.5 quads of encrgy have becn produced annually for end uscs
other than electricity in 1988, 1989, and 1990. Of this more than 3 quads were {rom biomass in the residential,
commercial, and industrial sectors.

Comparison with Predictions
How does all this stack up? The following graphs compare actual U.S. encrgy consumption with predictions
from A Time to Choose, published by the Ford Foundation's Encrgy Policy Project (EPP) in 1974, and the

National Encrgy Plan III (NEP 11i), published by DOE in 1981. The first comparcs the total actual consumption
with predictions for 1975 (in the case of the two EPP scenarios), 1980 (with preliminary actual values provided
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by NEP III), 1985, and 1990. Of the two EPP scenarios, the "historica} growth" prediction is based on the
assumption that no changes would be made from U.S. energy practices in 1974 and the "zero energy growth"
prediction envisioned a constant annual U.S. energy consumption of just under 100 quads in 1990. It is striking
that actual energy consumption lics below the predictions of all the EPP scenarios as well as that of the 1981
National Energy Pla: (whose predictions are more conservative, perhaps in view of the leveling trend of U.S.
energy consumption in the years between the publication of 4 Time to Choose and NEP III). In fact, U.S. energy
consumption since 1974 has fallen below the predictioas of every scenario of which I'm aware.

The additional graphs provide a more detailed comparison for 1985 and 1990 between actual energy production
and consumption, fossil fuels production, and nonfossil fuels production. Like predicted total energy
consumption, predicted total energy production also exceeded the actual values, although actual energy exports
exceeded their predicted values. While predictions of the combined oil and natural gas produced seem to have
been accurate, predictions of coal production appear to have fallen short of the actual values. The same is as true
for nonfossil fuels as for coai, although adding the aforementioned 3.5 quads of cnergy from renewable energy

sources for nonelectric end uses would bring the actual amount of nonhydro renewables above the 1990
prediction.

US Energy, 1975-90

130
117
104 |
91 |
78
65

—te

52

e

39

—r—

26 |
131

wascp

0 ] i [ 1
I T 1 T
1975 1980 1985 1990
Year
o Actual ONEP Il (1981) «EPP (ZEG, 1974) mEPP (Hist, 1974)




111

US Energy, Pred & Act
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Energy: The Next Twenty Years atiributed "well over half” the difference between the historically expected
energy consumption and actual consumption in 1980 to such cnergy conservation measures as added home
insulation and more efficient automobiles, and the remainder to reduced economic activity. This report also
assesses energy intensity of different occupations, with industrial and transportation occupatior:s using hundreds
of thousands of Btu per dollar of GNP, while service occupations use less than 20 thousand Btu per dollar of
GNP. It would appear that reduced U.S. energy consumption is also partly due to the shift from a manufacturing
to a service economy. For example, New Jersey has lost 300,000 manufacturing jobs between 1970 and 1991.

But although both Energy: The Next Twenty Years and the CONAES Report expected reduced oil and natural
gas usc in the 1980s, the United States has not broken away from its traditional diet of these two most convenient
fossil fuels. The primary reason for this scems to have been the continued relatively inexpensive price of these
fuels. McGeorge Bundy, in his Foreword to Energy: The Next Twenty Years states that "The central message of
the present report is that energy -- expensive today -- is likely to be more expensive tomorrow and that society as a
whole will gain from a resolute effort to make the price that the user pays for cnergy, and for saving energy,
reflect its true value." (Ford Foundation, 1979: xvii) A subsequent analysis, kased on gasoline demand and price
in a variety of nations, suggests that the gasoline demand per gross domestic product is inversely proportional to
the retail gasoline price. The CONAES Report shares the same concern about the negative impact of oil prices that
are too low. They also found, in contrast to the recent inability of the U.S. Senate to increase the federal gasoline
tax more than 4.3¢ per gallon, that the "effect on GNP of imposing a blanket tax on all primary sources of cnergy
to reduce cnergy consumption to specific levels" was "surprisingly small, assuming that the economy is given
time to adjust . . .." (CONAES, 1980: 12)
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Weaning Ourselves from FKossil Fuels

Foreseeing an era of restricted supplies of oil and natural gas, both Energy: The Next Twenty Years and the
CONAES Report writc about the transition to an cra without these convenient fossil fuels and our own ability to
decide how smooth this transition will be:

The fundamental changes we anticipate in the world energy situation over the next twenty ycars -- such as a relative decline in
oil and gas use, rising encrgy costs and prices, and increased cfficiency in energy use -- will occur whether the United States
handles its energy policy wisely or foolishly. But U.S. energy policy will be a major factor determining whether the changes will
be relatively smooth and easy or will result in unnecessary disruption, cost, or worse. If the required energy adjustments have to

be forced by events that have not been anticipated and planned for, the next twenty years could see a series of perpetual crisis-
oriented actions. . . . (Ford Foundation, 1979: 6)

The problem is in effecting a socially acceptable and smooth transition from gradually depleting resources of oil and natural gas
1o new technologies whose potentials are not now (ully developed or assessed and whose costs are generally unpredictable . . . .

The question is whether we are diligent, ¢lever, and lucky enough tc make this inevitable transition an orderly and smooth one.
(CONAES, 1980: xvi)

The CONAES Report (1980: 140) shares the enthusiasm of the Carter Administration for developing a
synthetic fuels industry ("up to 12 quads [of fuel from coal liquefaction] could be available by 2010 if
environmental problems can be solved"). Both reports are cognizant of the constraints that carbon dioxide
emissions could place on the uitimate burning of fossil fuels. : -

Short of resolving present problems with nuclear fission and fusion, this lcaves us with the need to make a
wransition to strictly remnewable energy sources in the long-term future. Excluding about 3 quads of
hydroelectricity, the U.S. has thus {ar progressed to 3.5 quads f renewable energy, most of it biomass fuels with
nontransportation end uses -- a far cry from a current annual demand of about 80 quads. These 80 quads must be
distributed among end uses of electricity, heat, and liquid fuels (for transportation). The only renewable source of
the last of these three end uses is biomass. The other end uscs can be met by direct solar and the solar by-product,
wind. Wind, the only economically competitive renewable electric energy source in addition to hydroelectricity at
present, had a generating capacity of 295 megawatts as of March 1984, with planned expansion to 1894
megawatts (a standard power plant gencrates 1000 megawatts). Over 90% of this capacity is in California. Even
if this expanded capacity generates electricity full time, it will produce only 0.06 quad in a year. (The solar electric
generating capacity at the end of 1983, all of it in California, was much smaller -- only 172 megawatts.)

The CONAES Report (1980: xv) states that ". . . solar cnergy technologies other than hydroelectiric power will
probably not centribute much more than 5 percent to energy supply in this century, unless there is massive
government intervention in *he market to penalize the use of nonrenewable fuels and subsidize the use of
renewable energy sources.” In fact, we have already seen one example of this with the Federal tax credit for
installing domestic solar hot water systems. This credit expired in 1985, and the graph below showing the
shipments of domestic solar hot water systems makes it cleor that with it went what was then a burgeoning new
industry, an ind.stry which has suffered further from lack of maintenance of systems already installed. In fact,
Stobaugh and Yergin advocated the 55% tax credit implemented in California as a way to stimulate the solar
industry all across the country by lowering payback times.

"The Solar Resource Group of CONAES concluded that solar energy technologics could contribuie
substantially to the national cnergy system by 2010 if there were purposeful governmental intervention in the
energy market. However, with energy prices in the range considered by the CONAES study, market penctration
by solar encrgy (apart from biomass and hydroclectric) would be only a few quads up to 2010. . . . if tax policies
and economic incentives were introduced to encourage its adoption in preference to other cnergy forms, regardless
of cost, . . . solar technologics might provide as much s 25-30 quads . . . by 2010, but the total price . . . could
be .. . 2-3 times the cost of alternatives." (CONAES. 1980: 44)
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Except for using less energy than anyonc expected, the United States energy situation twenty years after the
energy crisis of 1973 secems remarkably unchanged. The first paragraph of Energy: The Next Twenty Years
needs very little updating, as is indicated by the following (with updating changes underlined):

Two ecades have passed since the oil crisis of 1973-1974 signaled a new era in U.S. and world history. The effort to develop a
satisfactory policy response to what was once characterized as the "moral equivalent of war" has stretched out so long that
weariness rather than vigor characterizes the national debate . . . . energy and environmental objectives seem irreconcilable; . .. a
national consensus that solar energy is a good thing has yet to result in significant resource commitments, while support for
nuclear energy, yesterday's hope for tomorrow, is eroding; and coal is marking time. Meanwhile, the slow, steady increase in the
number of barrels of oil imported . . . provides reminders that much needs to be done. (Ford Foundation, 1979: 1)

When it opened in 1977, the Solar Energy Research Institute's charge was to insure that 20% of U.S. energy
was produced from renewable sources by 2000. The Institute was renamed the National Renewable Energy
Laboratory in 1991 and is now employing more people than at its earlier peak in 198C. In spite of the time lost
during the 1980s, can the U.S. still reach this goal by 20007
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Sustainable development is a process in which policies and programs of energy,
environment and development are so designed as to "bring about development that is
economically, socially and ecologically sustainable" (Hague Report, 1892). Energy plays an
important role in the process of sustainable development. Nuclear power is often cited by its
advocates as an altemative energy source for the future because of its relatively benign
environmental impacts (IAEA, 1992). As global warming becomes one of the top priorities in
national and international policy agendas, advocates are again promoting nuclear power. In
this context, it is not surprising to see that the U.S. National Energy Policy Act (EPACT) of
1992 emphasizes nuclear power as one of several important future energy sources.

The nuclear future faces daunting challenges Apart from economic, environmental
and technological problems, it has to overcome socio-political dilemmas. Equity and human
health issues, stemming from nuclear power generation and nuclear waste disposal, are
especially critical concerns for the public as a whole. Among the many possible socio-political
concerns, this paper intends to focus on equity issues. No one, no community and no nation
wants a nuclear power plant or a waste treatment facility in their backyard (Not In My Back
Yard; NIMBY). Equity issues involved in nuclear power deployment and treatment are the
major social challenges to the future U.S. nuclear prospect.

This paper argues that nuclear power is not a fuel for our sustainable future. As a
means of justifying our argument, the paper first contrasts a conventional energy regime with a
sustainable energy regime, characterizing nuclear energy as a product of the former. In this
discussion, our focus is on the equity dimension of sustainability. Next, the historical review of
the U.S. government's nuclear policies reveals that there was a lack of equity considerations in
its nuclear development and nuclear waste disposal management. Finally, this paper explores
short-term adjustment strategies that address inequity problems involved in nuclear power and

suggests long-term needs for facilitating the transition from a conventional energy to a
sustainable energy future.

i. Nuclear Power as a Conventional Energy Regime

In the conventional growth-oriented energy system, energy decision-makers act on the
premise that increased energy consumption equals economic growth. Decision-makers tend
to emphasize the values of stability, reliability and economic optimization; social and
environmental impacts are treated as external to energy decisions. =nergy choices are profit-
oriented and technology-reliant with a focus on centralized, capital intensive systems of
production and delivery capable of providing abundant fuel supplies to meet the requirements
of industrial wealth-creation (Byrne & Wang, 1992).

Authots would like to express their gratitude to John Byrne, Willett Kempton, Valerie Newman, and
Becky Wykoff at Center for Energy and Environmental Policy (CEEP) for the assistance, advice, and
comments. The authors bear sole responsibility for the contents of paper.

12;




116

In contrast, in a sustainable development-oriented energy system, energy decision-
makers act on the premise that energy efficiency and renewables support sustainable
development. Decision-makers tend to emphasize the values of innovation, flexibility, equity,
and social optimization; social and environmental impacts are treated as intemai to energy
decisions. Energy choices are equity-oriented and community-reliant, with a focus on
decentralized delivery of efficient energy services to meet requirements for sustained
development (Byrne & Wang, 1992).

U.S. nuclear power is a product of the conventional growth-oriented thinking. It fits weil
with the characteristics of the conventional energy regime: a centralized technology and a
resource-intensive supply-criented energy system. Nuclear energy started with an enormous
expectation that it could offer the prospect of reliable and cheap supplies to meet the
constantly increasing demand conventionally associated with economic growth. The US.
nuclear industry was, and still is, heavily supported by the conventionai growth-oriented energy
institutions. National policy, market, technology, financial and research institutions have all
been supportive of U.S. nuclear energy development.

During the energy crises in the 1970s, nuclear power came to be viewed as a more
attractive energy source which could reduce vuinerability to world fuel price changes and
suddan supply stoppages (Kruschke & Jackson, 1990: 35). In the context of environmental
concerns in the 1980s and the early 1990s, it was considered by its proponents as a
sustainable energy source. They tried to recover the lost utopia oi nuclear fission by
emphasizing the environmental disadvantages of fossil-fuel combustion and the various
advantages of nuclear electricity, so-called "clean energy." In spite of the optimism, nuclear
energy has been subject to considerable disputes over its economical, environmentally, and
technological viabilities. Most detrimentally, however, socio-political viability has been greatly
challenged.

Economically, riuclear power is not a cheap source of energy. its construction costs
generally exceed five to ten times as much as originally projected in the U.S. (Flavir:, 1983: 12-
5). The price of nuclear power is more expensive than the solar power which is currently being
sold by a private firm to California utilities (Hall, 1991: 125). The projected dismantlement cost
of a nuclear power plant is close to 10 percent of the total construction cost, even without
considering the costs of removing nonradioactive structures (Komanoff, 1981; Pollock, 1986).
The nuclear industry has been created under heavy government subsidies. As an example,
the Price-Anderson Act of 1957 set an upper limit of $560 million compensation for personal

damages, but the liability limit per accident was raised to $7 billion in 1988 (Kruschke &
Jackson, 1390: 69).

Environmentally, nuclear power has long-term ecological and human health hazards.
Radioactive materials harm human health, even at low levels of exposure Burying radioactive
wastes (radwastes) is not a safe solution. Nuclear advocates argue that levels of "background
radiation" (radiation from natural sources) account for a considerable proportion of the total
radiation but "it is the concentration of radioactivity t at matters" (Blowers, Lowry, & Solomon,
1991: 17). Nuciear power is not & panacea for addr_ssing global warming prcblems caused by
the concentration of carbon dioxide and other gases. As Keepin and Kats (1988) point out in
their scenario analyses, even if one-fourth of the global primary energy needs are supplied by
nuclear as of 2025, it could not resolve greenhouse gas problems. Further, replacing all fossil-
fuel power plants with nuclear plants would reduce the problems by less than 20 percent
(Insight, January 15, 1990).
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Technologically, safety problems with large nuclear reactors, especially with light water
technology, raise great concerns. Most of the existing nuclear power plants were constructed
based on the assumption trat "you had a mature technology when in fact it was still evolving"
(Morone & Woodhouse, 1989). There is no guarantee that “radioactive waste will not
someday leak in dangerous quantities from even the best of repositories” (Krauskopf, 1990:
1232). Scientific communities agree that no existing technology can completely solve the
radwaste problems by burial, which is considered one of the safest treatments. This is so
simply because: 1) possible geological changes lead to possible underground release of
radwastes, which eventually will contact the human society, or at least the ecosystem; and 2)
the tremendously long half-life’ of a radioisotope, which is a major component of nuciear
waste, may cause radioactive pollution due to unexpected accidents within a long span of time

in human society, even though all the best technical and geological treatments isolate them
from the present human society.

Socio-politically, the U.S. nuclear industry is facing the most significant challenges.

Public opposition, coupled with the environmental movement, is growing stronger, especially
after the accidents at Three Mile Island (TMI) and Chernobyl. Nuclear power generates
anxiety that is consistent over time and increasing. The evidence of widespread fear is an
inescapable constraint for nuclear decision-makers. Utilities tend to favor siting their nuclear
power plants near communities to reduce transmission costs, thereby making those power
plants more efficient economically. This effciency orientation raises equity issues in the U.S.
nuclear sector. The earlier nuclear power plants were built without a full understanding of the
technological and societal requirements (Lenssen, 1992). These equity issues are in part
attributable to U.S. nuclear policies.

I Equity Issues in U.S. Nuclear Politics: Historical Overview

Equity considerations in U.S. nuclear development are examined in a historical context
in which the evolution of U.S. nuclear power development is divided into four distinctive
periods covering 1939 through 1993: the dawning (1939-63), intermediate (1954-68), peak
(1969-79) and struggling (1980-93) phases.

A The Dawn of Nuclear Development: 1939-53

The year 1939 is very important in the sense that the U.S. government officially
launched nuclear weapons construction. Albert Einstein's 1939 letter to President Roosevelt
on nuclear physics played an important role in initiating the federal government's nuclear
weapons program. Since the launching of nuclear weapons research through the
establishment of the Manhattan District Project (1941), U.S. nuclear technology has been

continuously advancing, primarily in weapons research and secondarily in nuclear power
generation research.

Technological development and congressional and administrative supports eventually
gave the U.S. a key to open the door to the nuclear world of electricity generation. In August
1946, Congress passed the Atomic Energy Act, the first Congressional enactment encouraging
nuclear energy development. This act established the Atomic Energy Commission (AEC) and
the Joint Committee on Atomic Energy (JCAE), which were the first legislative promoters of
nuclear energy geneiation (Kruschke & Jackson, 1990: 32). President Eisenhower's UN

speech in 1953 on "Atoms for Peace" was the trigger for the growth of the nuclear energy
regime. .
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During the early years of nuclear development, there were no concemns over ethical
and equity issues (or at least no prevalence of those issues) in U.S. nuclear development—
neither in technology development, administrative motivation, nor in legislative guidance. Only
technological improvement and institutional supports were demanded by the nuclear scientific
arena and policy field. The U.S. nuclear energy system was developed from the beginning
without having an opportunity to be discussed by the public on ethical and equity dimensions.

B. Intermediate Stage with Private Partnership: 1954-68

The construction of the first commercial nuclear reactor, proposed by the AEC and
approved by the JCAE, began at the Shippingport Atomic Power Station (60 MW) near
Pittsburgh in December 1954. It began the supply electricity to the Pittsburgh area in 1957
and was shut down in October 1982 (Kruschke & Jackson, 1990: 33-4, Nuclear News, August
1991: 79). As the U.S. nuclear power system approached a national scale, the probability of
nuclear accidents increased. The Fermi fast breeder reactor had a partial core meltdown in
October 1966 (Kruschke & Jackson, 1990: 34). This incident, however, was easily neglected
in the midst of nuclear institutionalization.

Rudimentary studies on nuclear reactor safety were undertaken in this period. The
AEC released a report in 1975 entitled, "Theoretical Possibilities and Consequences of Major
Accidents in Large Nuclear Plants." The report was intended to relieve fears and anxieties of
the American public and the nuclear industry with respect to the possibility of nuclear accidents
(Kruschke & Jackson, 1990: 33). The federal government initiated nuclear safety
management by imposing costly, techrological requirements upon the nuclear industry. At the
same time, the government greatly supported the industry by providing financiai safety in the
event of accidents at major nuclear power plants. The Eisenhower administration's
acceptance of the Price-Anderson Act in 1957 was good evidence of the government's real

intentions in their promotion of the nuclear industry—financial protection and encouragement
of private investment for the nuclear industry.

Public-private collaboration did not fully prepare to address the possible re'ease of
radioactive materials into the atmosphere. For instance, the Private Ownership of Special
Nuclear Materials Act, enacted under the Johnson administration in 1964, was mainly focused
on nuclear promotion rather than reactor safety requirements. In this phase of nuclear
development, major nuclear-related institutions in the U.S. were mobilized to build up the
nuclear system. Also, decision-makers within the U.S. nuclear sector did not seriously
consider the site selection of nuclear waste disposal facilities.

C. Rise of Nuclear Safety and Environmental Issues: 1969-79

The National Environmental Policy Act (NEPA) was enacted in 1969 under the Johnson
administration in the wake of possible adverse environmental effects of governmental projects
(Kruschke & Jackson, 1990: 35). The American public's awareness of the dubious safety of
nuclear reactors was an underlying factor in the enactment of the NEPA. The act required
governmental agencies to submit environmental impact statements (EISs) identifying the
environmental effects of all proposed public projects.

The AEC established the Atomic Safety and Licensing Appeal Board in 1969 to pursue
stricter implementation of safety regulations and more careful license-granting processes. This
board was responsible for technical review of the safety systems and measures required for
granting construction permits for nuclear facilites. Government ! studies on nuclear safety
issues were frequently conducted. A three-year reactor safety study undertaken in 1974 by
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the federal government concluded that reactor meltdown would be extremely unlikely
(Kruschke & Jackson, 1990: 35).

President Nixon encouraged nuclear technology development by providing financial
and administrative supports. He announced nuclear technology promotion as a national goal.
The Energy Regulation Act of 1974 reorganized the nation's energy program. The Act
established the Nuclear Regulatory Commission (NRC) to replace the AEC. The Energy
Research and Development Administration (ERDA) created by the Act was involved in a
project of nuclear disposal site selection in 1976 (MRS Commission, 1989: F-2). The

reorganization among nuclear regulatory and managing authorities further fortified the growing
nuclear regime.

The administrative reinforcement of nuclear promotion and up-to-date technology
ccumulation reinforced further promotion of the U.S. nuclear system on a large scale and at a
fast pace during these years. The growing nuclear regime was large and robust enough to
ignore the minor disorders of a few nuclear facilities, such as the mechanical malfunction and
release of radioactive iodine in the Dresden-2 reactor near Chicago in 1970. While the nuclear

industry was running at full speed in this period, another strong force was rising—an anti-
nuclear ideology.

In Apr® 1977, President Carter ordered an indefinite delay of a plan for fuel
reprocessing. He signed the Energy Reorganization Act, under which a Federal Department of
Energy (DOE) was created and the ERDA was combined with the Federal Energy
Administration. DOE initiated a proposal of nuclear waste disposal siting—Away-From-Reactor
(AFR) storage of spent fuel? (MRS Commission, 1989: F-2). NRC became more strict in
reactor safety requirements and its granting of operation permits for existing reactors, as public
wariness of the nuclear industry was emerging everywhere, specifically in communities located
near nuclear facilites (nuclear-facility communities) in the U.S. The NRC ordered the
shutdown of twenty-three nuclear reactors in 1975 because of cracking in the ccolant pipes.

Nuclear accidents were still occurring frequently and were severe magnitude (Kruschke &
Jackson, 1990: 36).

A major nuclear accident at the Three Mile Island (TMI) Nuclear Power Plant near
Harrisburg in 1979 played a crucial role in the apparent decline of the U.S. nuclear regime.
The TMI accident was extremely significant, marking a milestone in the long span of U.S.
nuclear development. This accident contributed greatly to the public's reconsideration of not
only the safety of nuclear reactors but also the whole meaning of nuclear technology in human
society. After the accident, the U.S. nuclear industry faced more rigorous regulation by nuclear
authorities and stronger opposition from environmentalists and nuclear-facility neighboring
communities. However, no significant equity issues surrounding sitings was raised, while the
U.S. nuclear industry, ironically enough, recorded its biggest capacity expansion and its
highest growth rate in the history of U.S. nuclear energy development.

D. Battles on Nuclear Safety and Waste Management: 1980-93

The most recent phase of U.S. nuclear development (1880-93) is characterized by
more intensive and larger-scale concerns about nuclear generation and its waste disposal. No
more reactors have been ordered or contracted for since the TMI accident, and safety
regulation of existing reactors and waste disposal facilities has risen as an extremely critical
issue. The Nuclear Safety Research, Development, and Demonstration Act was enacted in
1980, establishing a program within DOE to improve the safety of nuclear power plants.
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President Reag- 1 issued the Nuclear Power Policy Statement in 1981, emphasizing
the imperative of nucle. - power as an alternative to meet national energy needs (Kruschke &
Jackson, 199C: 37). He also signed the Nuclear Waste Policy Act in 1983. The Act, the first
enactment of nuclear waste disposal management, aimed at program development for the
disposal of high-level radwaste and spent nuclear fuel from nuciear power plants. Along
similar lines, DOE established the Civilian Radioactive Waste Management Office in 1984.
Nuclear waste disposal management was emphasized more in this period than in any other.
The Nuclear Waste Policy Amendments Act (NWPAA) of 1987 outlines compensation
methods for the states and localites where Monitored Retrievable Storage (MRS) or
repositories of radwaste locate. Nuclear safety and its accompanying inequity issues were
culminated in the enactment of the NWPAA. The existing policy (mainly directed by the
NWPAA) is controversial in the compensation assessment because there is usually a
significant gap between the compensation amount proposed by hosting states or localities and
the Act's specified compensation (MRS Commission, 1989). Whether or not economic
disadvantages are appropriately compensated by the governments benefit payments,
psychological effects are hardly compensable. Even though "stigma effects" exist, neither an
objective nor an agreed-upon method to measure and compensate for them is yet available.
Neither is there agreement on whether or not such .compensation is necessary or even
desirable (MRS Commission, 1989: 78).

One of the most alarming nuclear accidents was an explosion in 1986 at the Chermnobyl
Nuclear Power Plant in the Ukraine, within the former Soviet Union. Human health destruction
and ecological damage were horrendous and are currently expected to be substantial all
around the world even after a long span of time (Kruschke & Jackson, 1990: 38). The
aftermath of the accident was significant enough to incite the public to rethink the threat of
nuclear materials to human heaith and the global ecosystem.

1l Inequity as Constraints of U.S. Nuclear Development

Inequity emerges as a major policy issue of nuclear energy. inequity in a cost-benefit
context is not comprehensive because social aspects of community anxiety and fear are not
considered in the cost calculation. More importantly, this fear plays a significant role in the
formation of the sense of inequity, leading to nuclear opposition. Three equity issues—
intraregional, interregional and intergenerational inequities—are involved in the development of
nuclear energy and its waste management.

A Intraregional inequity

The communities in the vicinity of a nuclear power plant or a waste treatment facility are
more likely to be exposed to actual and potential health and environmental problems than
more distant communities. These communities become sacrificial lambs because they provide
a power source for economic prosperity for all surrounding communities but with great
exposure to risk themselves. This is an intraregional inequity.

The aftermath of the TMI accident in 1979 gave the American public a clear picture of
the equity issues involved with a nuclear facility. While the TMI nuclear power plant supplied
electricity to Harrisburg, Pennsylvania and its vicinity (at least ten miles away from the plant),
about 20,000 community residents living within a five-mile radius of the power plant were
evacuated for several days. The accident seriously affected the nuclear-facility communities.
Seven cows and thirteen calves were dead within a week after the accident in a dairy farm in
Bainbridge township, five and a half miles from the power plant. The deaths were believed to
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be due to radioactive contamination. An eight-year-old boy developed severe psychological
problems after he returned from the evacuation (Tredici, 1980: 28, 33). These ecological
effects were only a part of the immediate physical results occurring immediately after the
accident. If all long-term human and ecological impacts and their potential were measured, the
total damage from the accident would indeed be considerable. The accident was estimated to
increase the probability of cancer deaths and major environmental damage in the area.

The overall adverse effects of the TMI accident will affect wider territories than the
nuclear-facility communities close to the power plant. These communities, however, suffered
local consequences in’ addition to the widespread effects. In such an accident, no federal
siting compensation can either rebuild degraded human health and deteriorated environment
or recover the immeasurable and ever-lasting damages to the physical and psychological well-
being of the specific community.

A community's response to a nuclear waste disposal site echoes its response to a
nuclear power plant. As long as nuclear wastes exist, they will always threaten society,
especially nuclear-facility communities, through various forms of environmental degradation.
As of 1990, about 21,800 metric tons of irradiated fuel from all U.S. commercial nuclear
reactors are stored in cooling water pools within each plant site. This is almost twice much as
that of 1985 (12,601 metric tons) (Lenssen, 1992: 51). The probability of radioactive release,
caused by various scenarios,’ imposes social inequity to nuciear-facility commiinity members.

B. Interregional Inequity

An interregional inequity exists between the South/West and North/East regions in the
U.S., stemming from the unbalanced and unfair radwaste management in the nuclear industry.
While most high-level wastes (HLW) are produced in the North/East region, where most
commercial nuclear power plants are located, most waste disposal facilities are sited in the
South/West region (Blowers ef al., 1991).* The states in the South/West region do not directly
benefit from the nuclear power plants whose radwaste comes to their nuclear waste disposal
sites, but the citizens of those states inevitably confront heaith dangers and psychological
anxieties associated with nuciear power.

Even though disposal siting reflects the geological nature and population density of
each region, the communities in affected regions are facing one of the most sensitive concerns
in the nuclear industry. Many scientists and even politicians who are involved in the nuclear
industry regard nuclear waste disposal as the Achilles Heel of the nuclear industry (Blowers et

al, 1991:; Blowers & Pepper, 1987). The currently poor management of nuclear waste
disposal generates severe inequity issues in the U.S.

When a specific state in the South/West region accepts nuclear waste into its territory
in return for economic compensation, residents of neighboring states inevitably confront heaith
dangers and psychological anxieties in their daily lives. There is a tendency that
compensation for radwaste-facility-hosting communities and power-plant-hosting localities is
apt to be poiitically manipulated, deterring the promotion of interregional equity.

C. Intergenerational Inequity

The domain of equity expands across generation lines because today's decisions affect
future generations' ways of life. The current generation's nuclear decisions will play a
significant role in the next generations' environmental and human-health conditions because of
the excessive length ot the half-life of most radioisotopes. If this generation utilizes nuclear
technology intensively, whether the coming generations accept the technology or find energy

127




122

alternatives, they will inevitably have to handle the nuclear waste inherited from their
ancestors. The shift of responsibilities for handling nuclear wastes, especially radioactive
materials and nuclear power plants decommissioned after full use (over forty years), is a case
of intergenerational inequity (Kasperson, 1983).

As decisions regarding the present tax system will affect the future generations' burden
of federal debt built by current deficits (Frederickson, 1990: 230), so the current generation's
decisions on nuclear-related institutions will affect tha future generations because of the
astronomical length of the half-life of most radioisotopes. The half-life of radicisotopes varies
from less than one second to millions of years (e.g., piutonium-239 (24,400 years), uranium-
235 (710,000 years), iodine-129 (15.8 million years)), depending upon their internal structure
(Lenssen, 1992: 50-2). Once nuclear systems are set in place, regardless of nuclear needs of
future generations, they are burdened with considerable costs. These costs include
monitoring, surveillance, and potential hazards. Since nuclear-related problems in the distant
future have little or no effect on contemporary political perspectives, current nuclear decision-
makers tend to heavily discount the needs of future generations (Blowers et al., 1991).

V. Sustainable Energy as a Remedy for Inequity

The Nuclear Waste Policy Amendments Act (NWPAA) of 1987 provided a legal
mechanism to compensate the states and localities in which radwaste facilities and nuclear
power plants are located. There is, however, a big gap between the amount of compensation
proposed by states or localities for their hosting of nuclear facilities and the act's specified

expenditures for compensation. The local estimation is usually five to ten times higher than
the NWPAA's stipulation.

The improvement of infrastructure by the public sector has also been made in nuclear-
facility-hosting regions. The provision of infrastructure includes road construction, safety
service, and emergency shelters. In addition, according to the act, roads surrounding an MRS
might have to be upgraded (to ensure radwaste transportation safety), the police force might
have to be increased (to ensure safety of the facility), and the school system might have to be

enlarged (partially in order to meet the education demand of newly arriving famiiies of facility
employees).

In some cases, the economies of affected communities have become more active, and
some might even be considered booming. Community economies have taken advantage of
the compensation by using it as seed money (leveraging funds) for economic viability. The
existing compensation strategy mainly directed by the NWPAA has not, however, been abie to
compensate completely for the equity loss of the facility-hosting states or localities. Whether
or not inequity has been appropriately compensated in an economic term by the government's

payments and/or the improvement of infrastructure, psychological effects, or so-called "stigma
effects" are hardly con.nensable.

As a short-term strategy for easing inequity problems associated with nuclear energy,
site-selection processes should be opened and include not only nuclear-related agencies and
state legislatures but also those communities involved. Nuclear decision-makers should be
responsive to the American public's awareness of nuclear-related equity issues. The pubilic's
active participation in the decision-making process is critically and urgentiy required. The
extent of the public's participation will affect the quality of their daily lives. The horizontal
binding of the nuclear industry, the public and the government can contribute to the growth of
equitability in U.S. nuclear power development.
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Public hearings at any appropriate stage of nuclear facilitation can be cooperatively
undertaken. A public hearing is the only arena in which all competing interests emerge and,
therefore, gives a good opportunity to yield all possible considerations in a nuclear project.
There should be no predetermined orientation or biased value in the preparation of a public
hearing. Only the "neutrality" nature of a public hearing can guarantee expression of the
opinions of all concerned parties, making them better understand the situation and problems.
Appropriate treatment of equity issues could be brought into the process of the public hearing,
producing reasonable policy outputs.

The non-public and non-private sectors could also contribute to the easing of inequity
problems. The environmental education conducted by nuclear-neutral environmentai
organizations could provide useful knowledge necessary for nuclear-adaptive life styles.
These organizations should not be influenced by either the public sector or the private sector.
The influence-free nature (in terms of organizational linkage or funds, for example) ensures
neutrality in delivering appropriate environmental knowledge. This group could also take a

watchdog function, indirectly affecting the nuclear industry's attitudes toward safety and equity
issues.

The short-term strategies of economic compensation, political participation and public
awareness, however, are not capable of eradicating the equity issues coming from the "fear" of
radiation. Nuclear power creates greater and more widespread fear than any other form of risk
(Slovic, Fischoff, & Lichtenstein, 1979). Although the statistical chances of death and cancer
from the radiation are low, public fear of radioactivity has increased. Even public information
campaigns often become counter-productive, producing "an inverse relationship between

efforts to encourage understanding and public resistance to it" (Goodin, 1980; Blowers et al.,
1991).

The risk from nuclear energy is a socially-induced risk which is often irreversible. Once
a nuclear reactor is commissioned, risk from radioactivity continues unless decay reaches
harmless levels. The half-lives of some radioisotopes extend over millions of years, requiring
long-term security and safety. At least any increase in nuclear risk can be avoided by the
transition to a sustainable energy regime, mainly composed of energy efficiency and
renewable energy (Byrne and Wang, 1992; Blowers et al., 1991). Energy efficiency and
renewables could meet the requirements for expected economic development while also
providing appropriate amounts of energy for self-reliance and environmental protection.
Energy efficiency and renewable energy even have a positive dimension for equity
improvement (Byrne and Wang, 1992).

Designing strategies for a sustainable energy future is not a small task, however. The
task covers economic, socio-political, technological and environmental dimensions. It needs
reorientation from the conventional policy to a new one which calls for drastic changes in
values, policies and institutions. One strategy is introduced here to illustrate our point of a
paradigm change in step-by-step processes.

The first step would employ an educational campaign to change the value system of
citizens from a conventional to a sustainable paradigm. This idea has already developed to
some extent and is being largely applied. The formation of social values with respect to
sustainability in a society depends upon the extent of the public's awareness of the interlocking
nature of energy, environment and development. Leadership by environmentaily-active and
equity-supportive citizens would also change the social norms of the general public.
Consensus would build among citizens. Informed citizens would participate in the political
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process through the mechanisms of public hearings or elections. They would evaluate the

political agendas of candidates and elect those candidates who are in conformity with their
orientation.

In the second step, elected representatives, regardless of whether they are
congressmen or public officials, would formulate policies which meet the desires of informed
citizens. Policies would take the form of providing a sustainable vision for society in the areas
of energy, environment and development. Through the alliance of improved social equity and
environmental quality, sustainable energy development would also be achievable.

The third step would be institutional changes to reflect the new sustainable policy
orientation. The political system, composed of sustainable-oriented policy makers, would be a
critically important institution to reflect society's realities and citizens' burgeoning demands for
a sustainable energy future. It would also play a major role in the enhancement of socially-
accepted values of sustainability and give direction in mobilizing other public resources. Such
a change in social values and its political reflection would cause institutional changes in the
areas of market, technology, finance and research.

Utilities' adoption of demand-side management (DSM) is a concrete example of a
paradigm change from supply-oriented utility resource planning practiced since the birth of the
electricity industry.  With state utility regulators' encouragement, DSM was originally
implemented by electricity utilities in California, New York and Wisconsin in the 1970s. These
states' successful DSM implementation, which was also supported by the public, ultimately
moved Congress to enact the Public Utilities Regulatory Policies Act in 1978 (PURPA). This
act requires all state utility regulators to investigate DSM measures including rate revisions
which encourage energy conservation (Rosenbaum, 1987: 38). This policy change in the
public sector and legislative adaptation fostered by public support brought about the utility
sector's active investigation of DSM alternatives. These changes made utility investment in
energy conservation and efficiency competitive with the conventional energy supply options.
Without this policy change, an economic bias toward supply wouid have continued in the utility

sector, and the social and environmental benefits of conservation would have been
undervalued.

V. Conclusions

The conventional approach to economic growth has assured a high level of energy use.
The national (even international) energy system searches for abundant, low-cost energy
sources and vulnerability-free energy supply strategies. “"Centralized power” (Messing,
Friesema, & Morell, 1979) is persistently sustained in U.S. society, providing the prerequisite
for an institutional commitment to nuclear power. This is strikingly similar to cases of national
promotion of nuclear power in other countries in the early period of nuclear development.
Support from long-lasting administrative, congressional, judicial, and techno-economic
institutions remains strong.

These institutional supports are, however, challenged. The U.S. anti-nuclear
movement is getting stronger, arguing for a nuclear moratorium to avoid the vulnerability of
future generations. Public fear of radioactivity has an emotional strength based on the
following rationality (Blowers et al., 1991): the statistical chances of radiation accidents are
low, but the consequences are catastrophic; radioactivity is invisible and widely dispersed,
creating a rational fear of the unknown; risk from radioactivity is extended over a long time-
span; and risk is self-ignored by human society.
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Nuclear fission is one of several technologies that Amory Lovins defines as “hard
energy path® (1977: 25). Lovins captures the nature of inequity inherent in the hard energy
path by indicating that this path is "probably inimical to greater distributional equity within and
among nations" and "inequitably divorces costs from benefits" (1977: 148). Under the nuclear
system, society depands on huge generation systems financed by huge outlays of capital.
Only a few experts can govern high technology, and society is exposed to unimaginable risks.
These phenomena can be expected to cause public distrust and alienation, and even deny
public participation (Lovins, 1977: 150).

The proponents of nuclear development try to recover the lost utopia of nuclear fission
by emphasizing the environmental disadvantages of fossil-fuel combustion and the various
advantages of nuclear electricity, so-called "clean energy." They criticize fossil fuels as
hazardous methods of generating electricity. They seem to assume that we face a Hobson's
choice between acid rain, climate warming and lung disease from fossil fuels and the
widespread fear, potentially catastrophic accidents and economic losses of well over $30
billion from nuclear power (Morone & Woodhouse, 1989: X). '

Our choice is not limited to either nuclear or fossil fuels. Energy efficiency and
renewables are the choices for our sustainabie future that can be "locally tailored” both
technically and socially. Efficient use of energy and development of renewable energy often
make more sense to our communities than building a nuclear power plant with a
correspondingly large electricity grid and risking health and public safety. The environmental
and anti-nuclear movements have jointly focused to stress conservation and renewable
energy.

The realization of a sustainable future depends upon ending social and environmental
inequity. This constitutes the basic challenge, and it is a challenge that remains to be
confronted. If the U.S. government, the nuclear industry and the public make concerted efforts
in the common interest of social and environmental sustainability, we may be able one day to
leave to coming generations a common future both they and we can appreciate.

NOTES

1. Half-life is the amount of time it takes for 50 percent of the original activity to decay; after
10 half-lives, one-thousandth of the original radioactivity would remain, an amount that can still
be dangerous (Lenssen, 1992: 50).

2. This is a revision of the previously-developed Monitored Retrievable Storage (MRS)
approach. According to this revision, the fuel owner would pay the federal government for
storage and disposali.

3. There are a number of geological and human-driven causes of radioactive release. Major
causes are earthquakes, fault movement, volcanism, rapid ground water movement and
.degradation, structural problems with tuff rock at high temperatures, the potential for goid and
silver recovery at the site, and the repository's incompatibility with the underground testing of
nuclear weapons (Blowers et al., 1991: 216-7).

4. For example, Cypress Creek Dome and Richton Dome were buill. in Mississippi; Vacherie
Dome in Louisiana; Deaf Smith and Swisher counties in Texas; Davis Canyon and Lavender
Canyon in Utah; Yucca Mountain in Nevada; and Hanford in Washington (Blowers et al., 1991:
207).
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Spectacular economic growth in Taiwan for the last three decades has been accompanied
by growing environmental pollution. Since the late 1980s, grassroots environmental movements
have grown up to challenge the authoritarian state. In 1987, angry residents of Houchin, which
is located in the Kaohsiung, the second biggest metropolitan in Taiwan, engaged in strong
protests against the plan submitted by its neighbor — Kaohsiung Refinery Plant (KRP) of the
Chinese Petroleum Corporation (CPC) — to build a large naphtha cracking facility there. The
major reason for the Houchin residents’ demonstration was that they would not stand any further
environmental pollution coming from the KRP because the village had more than 40 years of
pollution experience. This protest continued for three years. Although tie villagers did not
successfully stop the construction of the naphtha cracking plant, the case of Houchin supplies

a precious lesson for us to understand how civil protest was dissolved by the state and
technology.

This paper will focus on the case of Taiwan’s fifth naphtha cracking plant to demonstrate
the environmental roots of civil protest in Taiwan and the formidable challenges it faces in
reversing the country’s environmental decline. This paper will argue that: 1) an ideology of
technological and economic determinism has become a powerful weapon for the government to
defuse environmental protest, and 2) environmental pollution is treated as though it is a "normal”
risk of development and greater importance is given to expanded production capacity and
technological innovatinn. Political and social values, such as equity, environmental balance and
governance are all marginalized. This trend of technological determinism in Taiwan does
receive immense opposition from local communities. The deterioration of the natural
environment has incited local communities to defy the determinism of technology and to request
their rights in the decisionmaking process.

This paper will first briefly scrutinize the relationship between technology and grassroots
environmental movements. That technology is not a neutral object and has political features will
be examined in the next section. This paper will then offer a brief overview of the economic
and political situation in Taiwan. Following is the examination of the metropolitan region of
Kaohsiung, where the village of Houchin is located. The case of the fifth naphtha cracking plant
will then be explored in detail with a focus on the state’s appeal to technological and gconomic
determinism to thwart environmental protest. The conclusion of this paper will discuss the
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meaning of the Houchin protest for Taiwan's future development.
Technology and Grassroots Environmentali Movements

One of the major characteristics of recent grassroots environmental movements in the
U.S., according to Freudenberg and Steinsapir, is its "ambivalent attitude toward scientific and
technical expertise" (1992: 31). On the one hand, movement activists work closely with
scientists and construct positive relationships with them. On the other hand, activists express
their total disbelief of the jobs which have been done by the scientists employed by industries
or government. The image of technology which has been labelled as a neutral and objective
mechanism by the corporations and government is no longer accepted by the grassroots
environmental movements. Freudenberg and Steinsapir say "environmental activists reject the

image of science as a neutral force that pursues the truth no matter what its consequences”
(1992: 32).

Charles Piller agrees with this argument in his research of community defiance in the
- U.S. He indicates that science and technology are by no means neutral objects because they are
controlled by an irresponsible system (1991: 15):

What does the prevalence of Nimbyism tell us about the way science and
technology are administered in our society? . . . It suggests a more fundamental
cause — the dominance of an autocratic, profligate, and often irresponsible
system for managing the scientific and technological enterprise.

In their study of the Three Mile Island nuclear accident, Goldsteen and Schorr not only
confirmed this argument but further identified the deterioration of community values because of
citizens being deceived by technology and corporations. The authors found that residents who
lived around the TMI nuclear power plant were taught to believe in "rationalism grounded in
a belief in science rather than emotion” (1991: xvi-xvii):

However, this "rational" relationship between community and corporation has not
worked for many communities. They have not shared in the rewards; they have
been deceived, their rights trampled and their concerns dismissed. Communities
are learning that corporations have been allowed to represent their interests
without sufficient accountability and social responsibility. They have not
considered community values.

The deterioration of the quality of life in communities and the request for a safe and healthy
environment draw citizens and environmental activists’ ire that technology is not a neutral factor
which they can depend upon. Technology, which has been wrongly taken as a neutral actor in
industrial and capital socicty, has profound implications for the value choices that society will
make. Through grassroots environmental movements, ihe environmental activists discover that
technology has an inherently political feature.

That technology has political features has been argued by Langdon Winner, Dorothy
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Nelkin, and Michael Edelstein, among many others. They indicate that technology not only

plays a political role but also helps the industrial and governmental sectors to restrain citizens'
participation in the decisionmaking process. '

Langdon Winner indicates that technical things have political qualities. He says that the
structural implications of technclogy have not only extended into the technological domain but
also extended into social and political realms. Winner says (1983: 42-43):

The things we call "technologies" are ways of building order in our worid. Many
technical devices and systesas important in everyday life contain possibilities for
many different ways of ordesing human activity. Consciously or unconsciously.
deliberately or inadvertently, societies choose structures for technologies that
influence how people are going to work, communicate, travel, consume, and so
forth over a very long time. . . . [T]he adoption of a given technical system
unavoidably brings with it conditions for human relationships that have a
distinctive political cast — for example, centralized or decentralized, egalitarian
or inegalitarian, repressive or liberating.

Technologies do not allow flexibility and choices which are different from those of its designers.
Winner says "to choose them is to choose unalterably a particular form of political life” (1988:
42). Unfortunately, the power to choose technologies is not equally distributed in industrial
society. In fact, most citizens are excluded from the decisionmaking process. Winner says the
power is controlled by "an elite of highly trained technicians, planners, and managers. masters
of ’state techniques,’ who bring the whole into fine tune" (1977: 256).

To preserve the domination of technical value and the efficiency of the economy, Michael
R. Edelstein says that state regulators "frequently act to insulate the market from the potentially
disruptive and destabilizing effects of full citizen participation” (1986/1987: 89). Administrative
procedures "are designed to avoid unfettered citizen involvement" (1986/1987: 89). Even those
citizens who are invited to participate are "merely a token part of the process” (1986/1987: 89).
Likewise, Freudenberg and Steinsapir also indicate that "government and industry often seek to
convert what are fundamentally political issues into scientific and technical questions that require

expert study rather than democratic decisionmaking” (1992: 32). Dorothy Nelkin further
explains this point (1974: 2): :

Specialized bureaucrats that develop technical projects function according to a
formal system of rules and procedures designed to fuifill narrowly defined
objectives. Decisions are made on the basis of specialized technical competence,
and there is little tolerance for the uncertainties and unpredictability that wider
citizen involvement is likely to introduce. Bureaucrats assume that their plans
reflect a broad public consensus on the ultimate value of technical progress.
They identify their actions with the public interest and seek to maintain their
autonomy and remain insulated from the political process.

The administrative procedures are designed to sustain the independence of burcaucrats and to
prohibit citizen involvement. The values of liberty, justice, or equality are all excluded from
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regulators’ technological considerations.

The citizens' exclusion from the democratic processes is not accepted by local
communities which are seriously polluted by industrial production. ~Many grassroots
environmental movements have emerged since the 1970s and are willing to voice their
grievances. In one sense, these movements can be described as one kind of human choice
against the authoritarian system or the totalitarian state and a way to bring back the autou:omy

of community. In their research on the nuclear accident at Three Mile Island, Goldsteen and
Schorr concluded (1991: 214):

The new paradigm accepted by communities states that science and technology
will accord communities a better life if people interject their values into the risk
assessment and decision-making process. The advances of science and technology
have social costs. Consequently, the impact of such advances must be weighed
in advance by the people who will feel their adverse consequences. People must
take an active role in protecting their communities since industry and government
have priorities which are inconsistent with those of the community.

They further indicate that "there should be democratic participation in the decision-making
process regarding environmental risks. . . . Technological decisions must be incorporated into
the democratic process" (1991: 218). Above all, technology cannot be excluded from political
operations and must be decided by democratic participation. '

"The grassroots environmental movements which took place in Taiwan in the 1980s could
be explained as thc communities® demand to participate in the governmental decisionmaking
process. Citizens who live around the polluted industries do not believe that government and
industries act in the communities’ best interests. In order to preserve a safe and healthy
environment and to maximize the quality of life in communities, civil protests have occurred in
many different polluted areas. Citizens do not consider technologies are the best alternatives to
resolve the serious environmental pollution problems which they have borne for quite a long
time. Among Taiwan's grassroots environmental movements, the protest in Houchin is one of
the most important examples.

Economic Background in Taiwan

It is necessary for us to understand the economic and political background in Taiwan
before we discuss in detail the case of Houchin because the environmental protest in Houchin
was closely connected to these structures.

Economic development in Taiwan has been praised as a miracle because of the high
economic growth rates in the last three decades. The growth rates of gross national production
averaged 8.7 percent from 1953 to 1982, with a peak average of 10.8 percent for the years
1963-1972. Trade surpluses have occurred nearly every year since 1970, and foreign reserves
amounted to US $7 billion in 1980, US $15.7 billion at the end of August 1984, and nearly US
$76 billion in 1988.
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The high economic growth rate was ascribed to the government’s economic policies.
Since 1953, central economic planning has been performed, and the government has employed
many four-year economic plans to regulate economic activities and to promote economic growth.
Two different economic policies have been executed since the 1950s. The first policy was the
import substitution policy, which adopted a foreign exchange policy and implemented a pricing
policy to encourage domestic production of substitutes for imported goods. After a few years,
easy import substitution changed due to the limited domestic market and urgently needed foreign
exchange earnings. By 1958, the investment climate was gloomy and more fundamental policy
changes were sought, The strategy of development was then turned toward export promotion.
Development strategy at that time became entirely export-oriented.

The industrial policy was fully integrated into this strategy. The petroleum industry is
among the major industries which have been promoted since this period. Because of funding
and raw material shortages, the development of the petrochemical industry was postponed to the
fourth four-year plan beginning from 1965 to 1968 (Lin & et al., 1983: 1228). Under
government encouragement, the first naphtha cracking plant located inside the KRP was
completed in 1968. After the completion of this plant, former Vice Minister of Economic
Affairs, Kwang-shih Chang, said "a new era of petrochemical industry began" (1977: 2). In the
same period, two petrochemical complexes — Jenwu and Tasheh — which snrrounded the KRP
had also been constructed by the state. The second naphtha cracking plant was established in
1975 to supply the great demand for petrochemical raw material. This plant was also situated
inside the KRP. There were direct transmission pipes to connect these two plants with the
complexes.

Many downstream petrochemical plants were constructed inside the complexes. Most
of the petrochemical plants were owned by private investors, including foreign and overseas
Chinese investors. According to Chang, "among the foreign investors are such well-known
multinationals as National Distillers, Amoco, Unicn Carbide, Gulf Oil, Hercules, Imperial
Chemical Industries, Solvay, etc" (1977: 3). There are also joint ventures between domestic and
foreign interests. However, Chang says, "the largest single investment in the petrochemical
industry is from government funds. State-owned petrochemical enterprises are involved

primarily in the production of basic petrochemicals, such as products from naphtha crackers"
(1977: 3).

The petrochemical industry is a significant factor in the achievement of Taiwan’s
economic miracle. According to the government report, thirty-seven percent of total
manufacturing production in Taiwan comes from this industry. This industry also contributes
thirty-two percent of the total exported products of Taiwan. There are approximately 740,000
people employed by this industry. This is why Chang says "the petrochemical industry is of the
utmost importance to the continued economic growth in Taiwan" (1977: 2).

Political Background in Taiwan
The state is a dominant actor in the development of Taiwan. Alice H. Amsden finds that

the state in Taiwan has played a leading role in the process of capital accumulation. She argues
that "to understand Taiwan’s economic growth, therefore, it is necessary to understand its potent
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state” (1985: 78). Thomas B. Gold has also reached this conclusion. He says "any explanation
of Taiwan’s growth with stability must start with the National party-state” (1986: 122).

The state in Taiwan was totally controlled by the ruling party — Guomintang (KMT) —
which retreated into Taiwan in 1949 after its failed battle with the Communist Party in mainland
China. According to one political scientist, the nature of KMT has "shown totalitarian
inclination, and the party structure is Leninist” (Moody, 1992: 25). KMT and the state were
highly militaristic bureaucracies dominated by a single leader, Chiang, Kai-shek, and his son,

Chiang, Ching-kuo. Before the 1980s, this party-state system dominated almost all aspects of
the Taiwan society.

While new social groups were emerging and society as a whole was benefiting from
economic growth, political development lagged far behind. Beginning in the late 1970s, a few
political elites had bravely expressed their grievances and asked for participation in politics. The
responses they got from the conservative state were brutal repression and arrests, but the
opposition movements did not stop. Since the 1980s both the general public and segments of
the governing elite have been increasingly demanding more rapid democratization.

Under comprehensive pressures from civil society, the authoritative state gradually
changed its dominating characteristic in the 1980s. Hung-mao Tien, a political scientist,
indicates this change in the characteristics of the state. He says "the institutional structures that
have helped cement the KMT’s authoritarian one-party system are gradually revised, albeit

slowly, to accommodate public pressure for more intraparty pluralism and even a representative
democracy at the systemic level" (1989: 13).

The major opposition party — the Democratic Progress Party (DPP) — had been
established in 1986, and the martial law which had been employed for 38 years was lifted one
year later. Lots of political protests against the state had been held in this period. Among these
protests, the environmental movement was one of them. The public had recently become highly
vocal in its concern about harm to the environment. The residents whose living spaces have

been threatened by industrial pollution also uttered their grievances and wanted to protect their
communities.

Industrialization and Metropolitan of Kaohsiung

Because of its natural harbor which benefits from importation and exportation, the
metropolitan area of Kaohsiung, which includes Kaohsiung municipality (KM) and Kaohsiung
county (KC), has been designated by the state as a major industrial area in Taiwan since the
1950s. For example, up to 1981, 30% of developed industrial estates in Taiwan, which
accounted for 2,931 hectares, were located in this area (Chang, 1984: 14). Up to 1992, the
percentage was 29% (Urban and Housing Development Department, 1993: 68). The CPC
refinery was built here. The Kaohsiung Export Processing Zone within which no duties were
imposed on imports was set up in 1965. In the 1970s, a large number of capital-intensive
industries were established, such as the Kaohsiung Shipyard, China Steel’s Integrated Cold-
Rolling Mill, and China Petroleum’s petrochemical project, including both upstream naphtha
cracking facilities and downstream petrochemical production. The government-owned naphtha
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cracking plants which produce major feed-stock for the petrochemical industry are all located
in the metropolitan of Kaohsiung.

Coinciding with the building of industry in Kaohsiung, a large number of people have
migrated into the metropolitan of Kaohsiung since the 1960s. For example, 90,000 net migrants
moved into this area between 1966-1981. The total population for Kaohsiung metropolitan was
1,698,000 in 1981, 1,908,971 in 1985, and 2,552,487 in 1992, which comprised of 13% of
Taiwan’s population (Urban and Housing Development Department, 1993: 192).

The metropolitan of Kaohsiung became one of the most heavily populated areas in
Taiwan. Accompanying the aeavy industries located inside the metropolitan, Kaohsiung has had
a long history of pollution problems. According to Michael H. H. Hsiao, a prominent
sociologist in Taiwan, Kaohsiung has become the most poliuted area in Taiwan (1987: 30).

On July 1, 1968, Kaohsiung municipality was redesignated as a special municipality
under the direct jurisdiction of the Executive Yuan, the cabinet of Taiwan. The Kaohsiung
municipality government was then headed by a mayor appointed by the President on the
recommendation of the Premier. Citizens of KM were deprived of their right to elect their
mayor, who thus represented the government, not the people in KM. The village of Houchin
was under the jurisdiction of the Kaohsiung municipality government which always played a
passive role in the anti-naphtha cracking plant issue.

The KRP and the Case of Houchin

The KRP is located in northern KM and owns 30-40 different smnall petrochemical plants.
It was first constructed in the Japanese colonial period. After the Second World War, Taiwan
was controlled by the government of the Republic of China, and the administration rebuilt the
plant. The history of KRP is more than fifty years old, and it also has a prolonged pollution
tradition affecting surrounding communities, especially Houchin, a village adjoining the north
boundary of the KRP. The KRP produces severe air, water, and noise pollution. Sulfur dioxide
(SO,) is abundantly produced in the processes of refining. Black smoke, which includes
offensive odors, is frequently discharged from the plant. For example, the KRP received 160
tickets from the KM's EPA bureau in 1989 because of air poliuticn. In addition, the plant
poured black, smelly water into the nearby Houchin River. The groundwater was totally
polluted and saturated with oil. The plant also yielded a great amount of noise.

In June 1987, the CPC’s plan to build a large naphtha cracking facility inside the KRP,
the fifth naphtha cracker in Taiwan, had been disclosed by the mass media. According to the
CPC, the reasons for the construction of this plant were: 1) the demand for petrochemical raw
materials in Taiwan was greater than the supply; 2) to stabilize the supply of petrochemical raw
materials and not to rely on importation; 3) the petrochemical industry was very important for
© Taiwan’s economy; and 4) the government wanted to use this plant to substitute for the first and
second naphtha cracking plants because of their inefficiency and heavy pollution.

Economic considerations were cited as the ground for building this plant inside the KRP.
The CPC said: 1) the fifth naphtha cracking plant could get its raw materials and deliver its
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production to the petrochemical complexes very easily because there were fixed transportation
lines among them and 2) to construct this plant in another place would cost the government lots
more money than to build this plant inside the KRP.

However, the executing of the building plan had occurred one year earlier than the date
when the plan was leaked to the public, June 12, 1987. In February 1987, a contract was made
between the CPC and one American construction corporation, and the CPC had paid one million
US dollars. Several months later, the residents of Houchin were very angry about the disclosed
construction plan not only because the CPC did not ask for their opinions, but also because the
CPC had not yet resolved many serious pollution problems. The residents in Houchin had
pleaded with the state and the KRP many times about tae problems of environmental pollution
in their community, but they did not get any positive responses. Although the CPC promised
to do a better job on pollution control this time, the villagers could not believe the CPC’s
guarantee. '

Angry residents of Houchin village lodged many strong protests against the construction
plan in late 1987. The protesters maintained that they would not stand any more pollution,
coming from the KRP, which they had suffered for more than four decades. Enraged villagers
demonstrated in Houchin village and protested many times in front of the gates of the KRP. The
Anti-Fifth Plant Self Help Committee (AFPC) was formed in Houchin on August 5, 1987, and
became the key organization for the protest.

AFPC led its followers not only to protest outside the KRP but to demonstrate many
times in front of the Ministry of Economic Affairs and the Legislative Yuan, the Congress of
Taiwan. Both of these institutions were located in Taipei, 180 miles north of Kaohsiung. On
October 20, 1987, hundreds of Houchin residents demonstrated outside the Legislative Yuan,
because one legislator had called the protest activities a riot and asked the government to use
force to stop them. The residents wanted an apology fror this legislator. One serious conflict
erupted between the Houchin residents and the police because the police forbad Houchin
residents from going into the Legislative Yuan to urinate.

The anti-naphtha cracking plant movement became a renowned event after the protest in
front of the Legislative Yuan received wide media coverage. The protest activities received
much support from scholars, students, members of the Democratic Progress Party (DPP), some
mass media, and other environmental organizations. For example, on October 27, one
explanatory meeting had been held for the public; some legisiators, professors, and

representatives from snvironmental organizations accused the police of not behaving well in the
clash.

The State’s Responses to Environmental Protest

1) Technological Fix

Technology was the best weapon for the government to obstruct environmental protest
in Houchin. The government reiterated that the deteriorated environment it Houchin could be
well treated by a panacea of newly developed technologies; it also attacked and labelled the civil
protest as irrational and anti-progress behavior because the Houchin community did not accept
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the technologies. In this regard, technology became a neutral, rational, and progressive factor.
Any political activities should abide by the decision of technology, and the only way to solve
environmental pollution in Houchin was to accept the new technologies.

To reduce the environmental poliution, the CPC promised to implement a three-year
pollution control plan from 1989 to 1991, which would cost US$488 million dollars. In this
plan, the CPC tried to reduce air, water and noise pollution discharged from the KRP. The
CPC dug thirty-one wells and installed seventeen diaphragm pumps around the eastern gate of
the KRP. These pumps were intended to pump out polluted groundwater. The CPC also
reconstructed the drainage ditches to prohibit the waste water from permeating the soil and
becoming a part of the groundwater. In addition, the CPC constructed three new waste water
treatment plants inside the KRP.

In order to reduce the emission of sulfur dioxide, the CPC soon changed the fuel for the
refinery, and it planned to switched to liquefied natural gas in March 1990. The CPC built a
150-meter stack in April 1988 to spread smoke and dust high in the sky. In addition, the CPC
tried to use new technology to reduce the odor coming from sulphur, and also constructed one
air pollution monitoring station. With the purpose of diminishing noise, the CPC built a
soundproof wall and a 60 meter greenbelt around the northern KRP.

On the one hand, the government tried to improve its image as an environmental
vanguard through the installment of new technology inside KRP. On the other hand, it also
ruthlessly accused the protesters of exhibiting irrational behaviors because they did not accept
the technology. The former chairman of the Council for Economic Planning and Development
asked the Houchin residents to act rationally when the KRP’s gate was blocked. The former
Vice Minister of Economic Affairs also charged that the protest activities were irrational, and
he suggested that the villagers needed to talk with the government to solve the problem.

The argument of irratio ality put overwhelming pressure on AFPC. For example, two
gates of the KRP were barricaded after the conflict occurred on October 20. The KRP shortly
announced that it would suspend all works. The decision to shut down the KRP was rejected
by the Ministry of Econcinic Affairs, which indicated that it would hurt the economic
development in Taiwan. On October 22, after consultation between the police and AFPC, the
latter decided to revoke the blockage in front of the north gate. The reasen for this decision was
because AFPC received heavy pressure from the government which accused it of jeopardizing
the economic development of the entire country. In addition, AFPC wanted to get rid of the
image of riot and irrationality.

In August 1988, the environmental impact assessment of the fifth naphtha cracking plant
issued by the Environmental Protection Agency concluded that the construction of the plant coula
be conditionally accepted. The major condition was that the CPC needed to do an extraordinary
job in pollution control. This conclusion was not accepted by most of the local residents, who
not only believed the CPC would soon forget its promise to the extraordinary condition, but also
doubted the EPA had the will to force and to monitor the implementation.
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2) Promote Friendly Relationships with Houchin Residents

The strong protest coming from Houchin forced the CPC to promote friendly relations
with its neighbor. The CPC soon decided to install free tap water for the Houchin residents and
to supply funding for local community activities. It also agreed to repair drainage ditches and
roads in Houchin at no cost. In addition, it provided employment opportunities and student
scholarships for Houchin’s residents. It also planned to construct a local hospital, a swimming
pool and a library for the Houchin community. These efforts to promote friendly relationships
were not fully appreciated of by Houchin residents. According to CPC’s publication, Houchin
residents derided these activities by saying that "the CPC just wants to improve public
relationship with us, but it does not want to solve the pollution problems" (Lin, 1989: 45).

3) Stimulate Dissensus in AFPC and Support the Referendum Option to Continue Negotiations

In early 1990, internal conflict between two factions of AFPC was surfacing. The two
factions were the Eagle faction, which steadfastly opposed the construction of the plant; and the
Pigeon faction, which agreed to negotiate with the CPC. AFPC was restructured on April 1,

1990 and the Eagle faction lost power to the Pigeon faction, which subsequently controlled the
operation of AFPC.

The Pigeon faction suggested holding a local referendum to decide whether the plant
could be built inside the KRP. The background for this suggestion, on the one side, was
because the anti-plant movement had gone on for almost three years, and the people of Houchin
wanted to settle it so that they could go back to their normal lives. On the other side, the
government also anxiously wanted to resolve this problem. The CPC had worked hard to
develop friendship with the Houchin residents. With the winning of the Pigeon faction in the
reformation of AFPC, the government believed most of the Houchin residents agreed to

negotiation at this time. So the government also conceded to have this referendum, and agreed
to take the result seriously.

i May 6, 1990, a historic local referendum was held in Taiwan. The atmosphere in
Houchin was very calm because AFPC insisted on playing a "neutral" role and rejected any help
coming from other environmental groups and DPP. Even the Eagle faction was threatened by
AFPC not to have any protest activities. For example, Tian-sheng Hwang, who headed the

Eagle faction, was forced to cancel a speech because the Pigeon faction disagreed with his
arguments.

With high voter turnout, the result of this referendum showed that 4,499 (60.8%) of
Houchin’s residents disapproved of the construction plan, and 2,900 (39.2 %) residents agreed
to negotiate with the government. The result cheered AFPC supporters as well as environmental
groups throughout Taiwan. They thought a long fight could be finally closed. On the other
hand, the outcome really surprised the CPC and the government, but they soon proclaimed that
the referendum was just for consultation and the plant must still be built. The government asked
the CPC to continue to negotiate with Houchin residents. This decision shocked Houchin
residents who felt they had been cheated by the government and AFPC.

4) Authoritarian Rule and Compensation
On June 3, the cabinet was reshuffled, and the Minister of National Defense, Pei-tsun
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Hau, became the new Premier. He maintained the construction of the fifth naphtha cracking
plant was the priority job on his calendar. The new Minister of Economic Affairs went to
Houchin to communicate with local residents in the following months. The major agenda in

their discussions was the amount of compensation, and how to reduce environmental pollution
in the KRP.

On October 22, 1990, 6,000 police and ten court prosecutors were stationed at the KRP,
and the government proclaimed ground-breaking for the fifth naphtha cracking plant. The
government declared that any illegal and irrational protest would be punished by law. The
administrator who supervised the ceremony on that day took a helicopter to the scene because
he feared the local residents would block the gates of the KRP. According to the government’s
announcement, the reason for the construction of the plant was that the state had met Houchin’s
requirements, which were: 1) the CPC promised to move the KRP to another place within the
following twenty-five years; 2) the assurance of reducing environmental pollution in KRP; and
3) a compensation of US$60 million to Houchin community. Under comprehensive political
pressures, the atmosphere in Houchin was very quiet on the ground-breaking day. The anti-
naphtha cracking movement had finally been dissolved.

Copptation and Taiwan’s Environmental Movement

Examining the environmental movement in Houchin, the author finds that an ideology
of technological and economic determinism has become a powerful weapon for the government
to defuse environmental protest in Houchin. Any protests coming from Houchin’s residents
were labelled as irrational, anti-technological activities by the giant monster — the state, which
also controlled most of Taiwan’s mass media. Houchin residents were described as the new

Luddites. This bad image gave Houchin’s inhabitants comprehensive pressures and stimulated
dissension in AFPC.

Gradually, the rational proclamation was accepted by the Pigeon faction which finally
controlled the operation of AFPC in 1990 and dissolved many protest activities. At this
moment, the issue of the construction of the fifth naphtha cracking plant had been transformed
to the issue of how much compensation is enough for Houchin's citizens to accept the plant.
Once again, Houchin's citizens were criticized by the state controlled mass media which
indicated that the "true" purpose for Houchin’s civil protest was because the citizens wanted to
have a great amount of compensation. The original goal of stopping the construction of the fifth
naphtha cracking plant was obscured by the monetary request. The protest activities gradually
lost public support because those people who could sacrifice their living environment in
exchange for money were not felt to be deserving of societal respect.

In fact, compensation was not the demand of Houchin residents. Tt.e referendum on May
6. 1990, verified that Houchin residents did not want to have compensation; on the contrary,
they wanted to have a safe I'ving environment and wanted the government to cancel the
construction plan. Unfortunately, this request was refused by the authoritarian state. Without

the consensus of Houchin people, the state truculently broke ground for the fifth naphtha
cracking plant.
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The civil protest in Houchin was defeated by the enormous state, which sought to mute
environmental protest in Houchin by promises of new technology to fix the problems of older
technology, and by promises to move polluting industries to remote areas in 25 years. Although
the state installed many new technologies in the KRP and supplied a great amount of
compensation, the Houchin residents did not fully appreciate these activities because they had
lost their belief in the government's promises to improve the quality of the environment in
Houchin. Their protest activities could not be described as irrational behavior, and could be
justified by the political values of democracy and governance.

Conclusion

Under Taiwan's rapid industrial growth strategy, environmental pollution in Houchin is
treated as though it is a "normal” risk of development. After the emergence of protest in
Houchin, the government reiterated that environmental pollution could be controlled by newly
developed technologies, and charged that the village’s rejection of the plant was irrational and
anti-progressive. The government assumes environmental pollution to be a problem of "social
costs” and regards new technology as the most effective means to lower these costs. In this
context, greater importance is given to expanded production capacity and technological
innovation. Political and social values, such as equity, environmental balance and governance
are all marginalized. The powerful and authoritarian state not only restricted citizens’
participation in the decisionmaking process, it also rejected the result of Houchin’s democratic
referendum, which it had supported. Finally, despite the rejection of the Houchin community,
the state employed its hegemonic power to construct the fifth naphtha cracking plant.

The environmental protest of Houchin indicates that Houchin’s residents were not
satisfied with the authority of technology, and were willing to challenge ihe authoritarian state.
They wanted to have a safe and healthy environment in their community, and asked to
participate in the decisionmaking process. Although the protest did not prevent the government
from the construction of the fifth naphtha cracking plant, it did have significant achievements
for Taiwan society. It not only forced the state to make profound concessions but also showed
the injus.ice of the government. This event also displayed the wrongdoing of the ideology of
technological determinism, and gave Taiwanese a distinguished opportunity to reconsider
development alternatives in their future.
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1. What is Design Methodology?

Design is a core activity in technology. It is not possible to give a good impression
of what technology is without mentioning design. Design integrates the use of natural
phenomena, that are studied in (natural) sciences, technological tools and methods
and social demands and constraints. Design methodological analyses show how
scientific, technological and social factors interact in the creation of new products and
processes. According to Bochenski (1965), methodology is the theory of the
application of the laws of logic to various fields. Design methodology then is the study
of how in design a logically correct use of different types of knowledge takes place or
can take place. Although this definition seems rather narrow, it correctly emphasizes
that methodology is not only the study of methods in the sense of prescripiive step
models.

Design methodology is a rather young discipline (no older than about 30 years;
see Cross in De Vries 1993 for a short history of design methodology). Historically,
the first concern of design methodology was to produce prescriptive representations of
design processes (see for example Pahl and Beitz 1991). Usually, they were based on
the following two premises:

- the description of the design process is independent of the technology or
product type that is involved,

- the design process contains three steps in the order of analysis of the problem,
synthesis of possible solutions and evaluation of the design proposal.

Both premises were challenged by research that showed that there are significant
differences between the design of different types of products and that designers,
throughout the design process, engage in analysis, and synthesis and evaluation
activities. It also became clear that prescriptive design process models can have a
negative influence on the design process: they tend to become so autonomous that the .
relationship with the changing scientific, technological and social context is forgotten
during the process, because all effort is put into ’blindly’ following the steps in the
process.

Still today two ’cultures’ of design methodological research can be distinguished
(De Vries in De Vries 1993):
- a ’culture’ that focuses on the ’internal’ design process (i.e. without regarding
social factors). Here we find practicioners in particular from construction
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engineering and mechanical engineering (who are interested in the design
process representations in terms of flow charts and step models), cognitive
psychologists (who study the way designers think), business studies experts (who
develop methods for relating design to production, logistics, marketing, etc), and
computer experts (that work on software for supporting the design activities),

- a *culture’ that focuses on the scientific and social context in which design
activities take place, and in particular the various scientific and social factors
that influence design. Here we find historians (who study the way designs have
evolved during different historical epochs and among different settings),
philosophers (who study the nature of the knowledge that is involved in design),
(natural) scientists (who study the science-design relationhips) and sociologists
(who focus on the social actors that influence the design).

Especially in the second culture’ we find the science-technology and technology-
society relationships, that are the key issues in STS programs (see Staudenmaier 1985
for a survey of the type of studies published in the international journal Technology
and Culture, that can be seen as representative for this "culture’). Therefore in this
paper this "culture’ will be the one in which we are interested. It should be noted, that
this *culture’ often is known better by its broader name technology dynamics’. The
study by Vincenti in which he characterised the types of knowledge that designers use
and the way these types of knowledge are developed (Vincenti 1990), belongs to the
field of design methodology (more specifically: design epistemology), but was not
qualified as such explicitely. Usually the term design methodology’ is equated with
the first *culture’. However, the meaning of the term according to, e.g., Bochenski
(1965), does not support this equation.

2. Types of STS programs

If we look at the various programs in which scientific-technological and social
knowledge is brought together, we can roughly distinguish two types of such
programs: .

- engineering based programs: these programs educate engineers, that in the first
place have a thorough basis of engineering know-how, but in addition to that
some knowledge of the social circumstances under which technological
developments take place, so that in developing new technologies they are aware
of social needs and constraints;

- social science based programs: these programs educate social scientists with a
special focus on technological developments.

Usually programs of the first type are concerned primarily with the development
of new technologies, whereby social factors form a boundary condition for these
developments. The engineers that have been trained in such a program are able to
make decisions about possible developments that are based on insights in a
combination of scientific-technological and social factors. The second typc of
programs deals more with the consequences of implementation and diffusion of new
technologies in society. Here an understanding of the technology itself is a necessary
condition for understanding the way this technology is implemented in certain parts of
society. The role of various actors in this process is studied.
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Some programs have a hybrid character. The "Technology and Society’ program of
the Eindhoven University of Technology trains engineers, that can contribute to policy
making with respect to technological developments: these engineers do not develop
new technologies themselves, but carry out research that supports technology policy
making.

3. The role of design methodology in STS programs

As design methodology deals with the development of new technologies and
products, the first type of STS programs, mentioned above, yields opportunities for
integrating design methodological studies into the program. Here design methodology
could play the role that technology assessment plays in the second type of STS
programs. In a way design methodology and technology assessment are analogous:
both are aimed at integrating scientific-technological and social know-how for
decision making on technological developments. The difference is, that design
methodology supports decision making for development of the technolegy, and
technology assessment supports decision making for the implementzaon of the
technology. In fact the boundary becomes blurred when technology assessment moves
into the direction of ’constructive’ technology assessment, whereby the impact analyses
are used to influence the way the technology is developed (Smits, Leyten and Geurts
1987). But even then the technology assessment analysis is on a much more global
level than the design methodological analysis, that deals with a specific product in a
specific industrial context.

Design methodology can also be regardcd as complementary to theories in
technology dynamics - like social constructivism - that focuses on social actors, while
design methodology focuses on factors or phenomena (natural and social).

4. The current situation in STS programs

At this moment design methodology does not seem to play a vitel role in most
STS programs yet. Surprisingly this holds for both types of STS programs. One would
expect, that in the first type of STS programs, design methodology would be an
element already present. The reason for this lacking of design methodology in STS
programs could be that there is a general problem in making real integrations of
scientific-technological and social know-how in STS programs. Most programs are
multidisciplinary rather than interdisciplinary. Several disciplines are represented as
separate disciplines, but there are difficulties in obtaining a degree of integration.
Design methodology is particularly aimed at making this integration and therefore
could make an relevant contribution to STS programs.

These remarks can be illustrated by looking at a number of different STS
programs worldwide. The STS program at the Virginia Polytechnic Institute and State
University (VPI&SU) in Blacksburg {VA) USA, has three main components: history,
philosophy and sociology. The aim of the program is to educate people for advisory
positions in science, industry and governmental bodies. Most attention is paid to
medium and long term decisions on the diffusion of certain technologies in society,
and in some cases the development of the technology itself. This can be seen as
characteristic for a social science based type of STS program, that does not primarily
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train future engineers. Design methodology is not an explicit part of this program.

The same holds for the TEMA program at the Linkdping University in Link6ping,
Sweden. In this postgraduate course we find four themes: communication, health and
society, technology and social change, and water in environment and society. Again
the focus is more on the consequences of a technological development for society
than on the technological development itself. Here too, we find no design
methodolology courses mentioned in the program.

A third social science based program of which the content was studied for this
paper, is the Pennsylvania State University (USA) STS program. This program
recently shifted from being based in a social science environment to an engineering
environment. The content of the program still reflects the history of this program with
its main focus on policy making for implementing technology in a socially
sophisticated way.

The *Technology and Social Development’ program at the University of Toronto
(Canada) is an engineering based program. The students that finish the program are
engineers with an extra social awareness dimension. They should be more sensitized
to the social restraints for technological developments. The program does not contain
a course entitled ’design methodology’ or anything of that kind. From the program
description is it not clear how the necessary integration of technological and social
factors is taught to the students without such a course.

The same can be said of the program "Technology and Society" of the State
University of New York (SUNY) at Stony Brook (USA). In this engineering based
program the focus seems to be management, and Technology Assessment. Both are
not primarily concerned with the specific way in which various products are
developed, but take a rather overall and long-term view on technological
developments. This is illustrated by some of the materials that are used in this course
(e.g., the booklets by E.T. Layton on J.B. Francis and by K. Jeffrey on the historical
development of pacemakers). These texts clearly combine technological and social
(historical) know-how, but do not show in much detail how integration of
technological and social factors took place in the design of specific products. The
other booklets written for the program are even less technological in nature.

The ’Social Studies of Technology’ program at the Manchester Metropolitan
University (formerly the Manchester Polytechnic) in Manchester (UK) consists of the
following elements: philosophy (of science), economy, sociology and policy. Here too
we get the impression that social subjects and philosophy are taught as an extra to
engineering students in the hope that it will enable them to combine that knowledge
with the engineering know-how they gain from the rest of their engineering study.

The Massachusetts Institute of Technolology (MIT, USA) has two programs: a
social science based program ('Science, Technology and Society’) and an engineering
based ("Technology and Policy’). Although there are courses that belong to both
programs, the difference between the programs is evident: the "Technology and policy’
program is much closer to the technology itself than the STS’ program where history,
psychology and politics are the main issues that are taught. In the firstmentioned
program we find courses like 'Engineering systems analysis’, "Technology policy
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making processes’, and ’Strategic planning’, specific courses on environmental issues,
law and technology and ethics of technology. Again we see a tendency to stay at a
certain distance from the most concrete level of engineering work: the product design.
Design methodology is not mentioned as an element in the program.

It should be emphasised that this survey is not a thorough and in-depth study of the
content of these programs, but a general impression based on descriptions of program
structures and courses in the program. Besides that it should be kept in mind that the
fact that the phrase design methodology is not mentioned does not in itself mean that -
the concept is not there. But the total impression of the programs of both types is,
that the concrete way in which technological and social factors are integrated in
product design is not represented very well in the program.

»

5. Design methodology in the Eindhoven University of Technology STS Program
5a. Design Methodology courses in the EUT STS Program

The Eindhoven University of Technology (EUT) has five engineering faculties:
building engineering, mechanical engineering, technical physics, chemical engineering,
mathematics & computer sciences and electrical engineering. There is a sixth faculty
for engineering business studies. The seventh faculty is called Philosophy and Social
Sciences. It is this faculty that teaches the STS program. All students take engineering
subjects from one engineering faculty, chosen by themselves, for about 50% of their
study. The other 50% they take social science (history, economy, sociology and law)
and methodology of technology courses. Design methodology is a main focus of the
methodology courses (philosophy of science is another focus).

Design methodology is taught as one cempulsory course (Design Methodology for

STS) and two electives (Special topics in design methodology, Environmental issues in

design methodology). The content of the compulsory course is the following:

- students are acquainted with the basic concepts of experience-based

* technologies, macrotechnologies and microtechnologies, and the concept of
multifactorial design methodological analyses;

- these concepts are illustrated by case studies: bridge design, the Brabantia
corkscrew (De Vries 1994), the Philips Stirling engine (De Vries 1993), the
Philips Plumbicon (Sarlemijn and De Vries in Kroes and Bakker 1992);

- a brief survey of other approaches in design methodology is given.

The elective conrse *Special topics’ is an extension of the core course mentioned
above:
- the various approaches in design methodology are explored in more detail;
- more case studies are discussed to illustrate the idea of multifactorial analyses in
design methodology.

In the other elective course, design for sustainability is the special focus:

- case studies of multifactorial analyses are discussed to show their relevance for
‘green design’ (e.g., Stirling refrigerating equipment, the three way catalyst),

- new developments in methods for green design are presented (e.g., life cycle
analyses, relationships among the design variables of form, material and
treatment). These methods are illustrated with case studies that have been
reported in some Dutch projects (Eco-design, Milion, see ref.).
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This content of design methodology education was chosen to fit the general goal
of the EUT STS program: to educate engineers, who are able to integrate
technological and social factors into the decision/policy making process for
developing and/or implementing technology. In contrast to the more traditional
approach that can be found in business studies, with its general schemes for desi,,.1
processes that are independent of the specific technology under consideration, the
EUT approach to design methodology is much more focused on the differences
between different types of products. This has to do with the fact that the engineers
that are educated in the STS program should be able to contribute to the
development of the product. To be able to do that, a generalistic approach is too far
away from the engineer’s daily practice. The multifactorial analyses that were
mentioned earlier, comprise Scientific, Technological, Market, Political, Juridical and
Esthetical factors (for ease of use abbreviated by the acronym STeMPIJE, introduced
by Sarlemijn; see Sarlemijn in De Vries 1993). Students learn in a certain product
design case that a survey of the state-of-affairs with respect to these factors, followed
by an integration of these factors, can lead to a well-defined set of policy
recommendations for the design process of that product.

5b. Students’ master’s ineses on Design Methodology in the EUT STS program

In the final part of their study (about six to eight months) the students carry out a
case study in an industrial setting. These studies either deal with STeMPJE analyses
for certain products that are to be developed (like the redesign of a telephone set for
ISDN-supported applications, or the further development of a communication system
for electronic road maps in cars) or deal with certain methods for product design (for
example Concurrent Engineering, or Quality Function Deployment). In both cases the
students look at the way technological and social factors play a role in the design of
specific products. Especially in the case of methods for design there is a clear
difference with business study approaches to the same issue. Most studies of that type
should be seen in the context of the increasing awareness of the need to include
considerations of production, assembly, distribution, use, maintenance, re-use and
recycling in the design process. Several studies have indicated the role of good
communication between design, production and marketing in the success of product
design (see ¢.g., Cooper and Kleinschmidt in Henry and Walker 1991 and Freeman in
Roy and Wield 1992). Publications like Hollins and Pugh (1990) focus on the
organisational aspects of this issue and do not take into consideration the need to
differentiate between different types of technologies. The students in our program
always have to include an analysis of the different types of technologies in their
research., '

A number of master’s theses have been written in the context of integrating
environmental requirements in design. Here too, we find the two types of studies that
were mentioned above: STeMPJE analyses for certain products (e.g., package for
semiconductors and compounents with Philips Package Design and Development) and
methods for ’green’ design (the application of life cycle analyses in industrial design
processes by KEMA, a Dutch organisation for energy research).

The results so far are quite satisfactory for the companies for which the studies
were done. The work done by the students was relevant enough for the companies,

153




148

that several masters’ theses could not be published because the information in them
was judged too important and viewed as proprietary. One example of this was a study
done with a major corporation in tize Netherlands, where the design process of a
project was analysed in terms of the extent to which STeMPJE factors had been taken
into account in the decisions about the design process. It appeared that the design
process was so rigid that there was almost no sensibility to the changing world outside
(a changing market, actions of competitors) during the design process. Management
had introduced the concept of a product manager with the intention to guarantee this
sensitivity, but the study clearly showed that the responsibilities of the product
manager were insufficient to fulfill this expectation. The results of this study were
used when the EUT design methodology group was asked to serve as external
consultants for Philips Corporate Design in defining the character of their "High
Design Process’. Philips Corporate Design has gone through several organisational
changes already (see Heskitt 1989) and now under the direction of Stephano Marzano
seeks new ways for customer values’ involvement in the total design process (in fact

this very much resembles Bernsen’s 11th principle of design management; see
Bernsen in Oakly 1992).

Sc. Discussions on the future of the EUT STS program

The success of such studies does not mean that there are no problems. In fact the
EUT STS program faces the same problems that Cheek (1992) identified for STS
programs in the K-12 area (primary and secondary education):

- opposition of the traditional programs (in this case the engineering programs),

- staffing (finding faculty members that in themselves combine a technological and
a social science background),

- multidisciplinarity (making a real integration of technological and social know-
how).

The position of design methodology is certainly not unchallenged in the struggle
for determining a clear profile for the program. A decision to restrict the focus of the
program to techriological diffusion processes only would solve some of the problems
mentioned above (a purely social science based staff would be satisfactory then), but
could result in a view that design methodology is no longer relevant to the program.
But in that case, as the program is part of a university of technology, the distance to
the other (engineering) faculties would increase substantially and the position of the
program within the university with its orimarily technological character could become
questionable. It would also be the opposite of the increasing role design activities
plays in the STS and technology education in the K-12 area, that can be observed in
many countries worldwide (De Vries in Gordon 1993). Further international
exploration of the possible role of design methcdology in STS programs could be
useful to support the statement made earlier in this paper, that design methodology
offers an almost unique opportunity to make a real integration of the S, T and S in
STS programs.

References

Bochenski, J.M. (1965), The methods of contemporary thought. Dordrecht: Reidel
Publishing Company.

154




149

Cheek, D.W. (1993), Thinking constructively about science, technology and society
education. Albany, NY: State University of New York Press.

Jeffrey, K. (1990), Pacing the heart. Stony Brook, NY: Research Foundation of the
State University of New York.

Henry, J., Walker, D. (eds.) (1991), Managing innovation. London: Sage Publications.

Heskitt, J. (1989), Philips: A study of the corporate management of design. New York:
Rizzoli International Publications.

Hollins, B., Pugh, S. (1990), Succesful product design. London: Butterworths.

Gordon, A., Hacker, M., Vries, M.J. de (eds.) (1993), Advanced educational technology
in technology education. Berlin/Heidelberg: Springer Verlag.

Kroes, P.A., Bakker, M. (eds.) (1992), Technological development and science in the
industrial age. Dordrecht: Kluwer Academic Publishers.

Layton, E.T. (1992), From rule of thumb to scientific engineering: James B. Francis and
the invention of the Francis turbine. Stony Brook, NY: Research Foundation of
the State University of New York.

Oakly, M. (ed.) (1992), Design management. Oxford: Basil Blackwell Inc.

Pahl, G., Beitz, W. (1991), Engineering design: A systematic approach (transl. K.
Wallace). Berlin/Heidelberg: Springer Verlag.

Roy, R., Wield, D. (eds.) (1992), Product design and technological innovation. Milton
Keynes: Open University Press.

Smits, R.E.H.M.,, Leyten, AJ.M., Geurts, J.L.A. (1987), Technology assessment, an
opportunity for Europe. Vol. 1. The Hague: Staatsuitgeverij.

Staudenmaier, J.M. (1985), Technology’s storytellers. Reweaving the human fabric.
Cambridge, MA: MIT Press.

Stroeken, J.LH.M. and Vries, M.J. de (1994), ’Analysis of the place of technology
assessment in an STS Program’. Bulletin of Science, Technology & Society, 13(6),
349-354.

Vincenti, W.G. (1990), What engineers know and how they know it. Baltimore, MD:
John Hopkins University Press.

Vries, M.J. de (1993), *The Philips Stirling engine development. A historical-
methodological case study into design process dynamics’. Methodology and
Science, Vol. 26-02-1993, pp. 74-86.

Vries, M.J. de, Cross, N., Grant, D.P. (eds.) (1993), Design methodclogy and
relationships with « ience. Dordrecht: Kluwer Academic Publishers.

Vries, M.J. de (1994), 'Design process dynamics in an experience based context. A
design methodological analysis of the Brabantia corkscrew development’.
Technovation (in press) 14(6), (in press).

150




150

AUTOMATING A TECHNOLOGY COURSE
FOR
LIBERAL EDUCATION: A PROPOSAL FOR CHANGE

Todd C. Waggoner
Assistant Professor of Technology Systems
Bowling Green State University, Bowling Green, OH 43403
(419)-372-2633

Ahmad Zargari
Postdoctoral Fellow, Technology Systems
Bowling Green State University, Bowling Green, OH 43403
(419)-372-7469

Ross Corbett
Graduate Research Assistant, Technology Systems
Bowling Green State University, Bowling Green, OH 43403
(419)-372-7469 : '

John W. Sinn
" Professor of Technology Systems and
Executive Director, Center for Quality,
Measurement, and Automation
Bowling Green State University, Bowling Green, OH 43403
(419)-372-7469

Edward Kennedy
Adjunct Assistant Professor of Technology Systems
and Administrative Assistant to the Dean
Bowling Green State University
College of Technology
Department of Technology Systems
Bowling Green, OH 43403
(419)-372-8500

January 22, 1994

As students from today's educational institutions graduate and go
forward to business, industry, and other institutions, it is critical that they
develop a sense of responsibility to apply technology for the improvement of
society. To help prepare college graduates for the technological world market,
institutions must help them identify and manipulate those characteristics of
technology that can better serve our society. The upper division course being
presented here should challenge undergraduate students to apply the theories
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developed within it and other courses. The students must also be challenged
to consider the ethics of situations based on the interdisciplinary nature of
their liberal education and the impact of the technology involved.

This proposal was designed to review the content of and develop
innovative instructional materials for the course, "Technology Systems in
Societies." A brief backgound of the course is presented in the following:

Background of the Technology Sytems in Societies Course

The course, Technology Systems in Societies, has been a part of the liberal
education offerings at Bowling Green State University (BGSU) since its
inception in 1986. Typically, 150 students are enrolled annually in the course.

During the summer of 1988 Technology Systems in Societies, was offered
to approximately fifteen nontraditional students at the Firelands College
campus of BGSU, located in Huron, Ohio. The majority of the students were
manufacturing technology majors between 25-50 years of age, and full-time
employees in various industries in the local area. The majority of these

students were 2+2 transfer students entering their junior year of studies at
BGSU.

It was during the summer of 1988 offering of the course that the idea for
this proposal was conceived. At this time, the course was taught by employing
one-way televised media from BGSU with interactive audio teleconferencing.
The course was offered during two evening sessions each week over an eight
week summer semester with regular reading and writing assignments. The
off-campus students were brought together with the professor and on-campus
students through an audio link that allowed questions to be asked and
answered in either direction. A supporting graduate assistant was on-site with
the off-campus students and the professor visited the off-campus students
periodically during the semester.

Two major issues became apparent as a result of the experiences in the
initial delivery of the course and its presentation off-campus. These are listed
in the form of the following research questions for the study:

Research Questions
1. What content should be included in an upper division liberal
education technology course?
2. What delivery systems should be used to deliver a liberal
education technology course to traditional and nontraditional
students in on and off-campus settings?

Rationale

Liberal education about technology is becoming well understoood by
some educators. The rationale for pursuing such a project is also based on the
belief that while technology and culture have changed, education about
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technology has not.

Because technology is shaping the way we live, it should be studied and
understood by all members of society. A better understanding of the
implications of technology can be developed by using careful design, analysis,
and applications of the technology itself. It is also important to understand the
ethical ramifications that the applications of the technology brings out.

We live in a technological culture that is becoming increasingly complex.
As technology is proliferated world-wide, problems and issues associated will
increase and become more difficult to resolve. This is true because people
from other cultures will attempt to become high technology cultures and the
resources required to do that will, correspondingly, diminish. As the transfer
of technology occurs, significant issues to be addressed include food
production, housing, transportation, environmental clean-up, resource
depletion, education and retraining, waste reduction, genetic engineering,
energy alternatives and production, medical technology and health care
priorities, etc.

Background

But just because we live in a technological society does not mean we
understand the technology. And even though we are consumers and users of
technology and its products, this does not ensure the technology is under
control. This is a particularly worrisome thought if the statements about the
proliferation of technology are correct. We must acknowledge the
relationship of technology to events of wartime initiatives. Presumably, it was
technological issues (e.g., energy resources needed to power our energy-
intensive technological culture) that drew us into the recent Mideast crisis. It
was clearly strategic technological applications that won the war. The
technological strategies used in this wartime effort, more than any time before,
required broad knowledge of technological systems including the relationships
of technology to people, their cultures, and the environment.

As this may relate to educating post-secondary students it should be
apparent that understanding technology is not a simple matter. There are
individuals who advocate addressing technological understanding simply by
requiring a course in computer science, the hard sciences or mathematics.
Although the aforementioned courses and areas of study are important for
applying various technologies to improve the human condition,
understanding technology goes far beyond this. The computer is one of the
most important current and future technologies, and students should be
proficient in its use. Students should have a firm grasp of scientific principles
and the tools of mathematics. However, it is imperative to understand that
these tools may enhance technological understanding, but by themselves they
do not accomplish it.
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For individuals to be technologically literate and capable of applying and
controlling technology, they must understand scientific and mathematical
principles as well as computer capabilities. Similar to computer issues,
environmental issues require a broader understanding of technology to enable
people to apply adequate and appropriate solutions. This necessity is part of
the reason why students should study the broader concepts of technological
systems, including their components and system-related implications. Issues
related to the environment, computers, etc., will be better understood and
addressed within the broader context of technological systems.

In order for students to be responsible citizens and productive problem
solvers, they must have a reasonable understanding of what makes
technology work. Such an understanding encompasses both physical and
social experiences. It includes issues or activities such as: costs of technology,
physical functioning of technology, problem-solving functions, technology
assessment, systems analysis, technology innovation and experimentation,
energy resources and the environment, human and social relationships to
technology, quality and productivity enhancements, and ethical and moral
decision making.

If we consider the technological transfer problems previously identified
and the issues or activities that should be studied, it is easy to see that
technological literacy crosses many traditional disciplines. Technology as an
area of study is more complex than many individual courses and integrates
these into a much broader interdisciplinary perspective (Broudy, 1960).
Ultimately, the advancement of technology and the myriad choices of study it
presents to the academic community will cause educators to consider
restructuring the entire educational system so that students will be able to
adequately understand and control our technological culture as it relates to the
global environment.

The academic community must study issues related to liberal education
and needs to contemplate ways to improve liberal education for all
undergraduate students (Whitehead, 1932). These could range from
refocusing liberal education so that it is more classically-based, to redefining
the emphasis and functional understandings so that they relate in a more
interdisciplinary way to all areas of study within post-secondary institutions.
Such a change must include technological literacy, assuming we wish to
improve upon current and past circumstances.

Much healthy discussion and debate is occurring across the country
regarding the best approach and content for educating our students (Kanigel,
1986). It is significant to note that we may now have the opportunity to take
the bold and necessary steps toward fulfilling the goals of liberal education. If
through education we are truly liberating persons for their futures, it would
seem that we have a moral and ethical obligation to provide technological
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knowledge and experience as part of that education. Can students think they
are well prepared to function as problem solvers and be viable participants in a
technological culture if they are technologically illiterate?

REVIEW OF LITERATURE
In this review of literature, technology is presented as a liberal education
topic. Content areas for a technology-based liberal education course are
isolated. Finally, educational technology is reviewed for suggestions of
possible means to automate the educational process in a technology-based
liberal education course.

Technology as Liberal Education

There is some discussion on the integration of technology into liberal
education as is described by Kanigel (1986) when he stated that, "The one right
way of bringing technology into the liberal arts is a long way off. The field is
yet in its infancy-still fluid, still tentative and still sometimes boldly
innovative, touching off sparks of creative fire where seemingly alien
disciplines touch" (p. 22).

Morton Tavel who was a physics professor and director of Vassar's
Science, Technology, and Society program believed that upon the completion
of college, graduates should have an understanding of basic concepts of science
and technology, as much as they know about English literature (Kanigel, 1986).
Another view of this is presented in the statement "The great sin is not lack of
brains, but lack of cultivation is a principle and a promise that the science of
education is obligated to redeem, and there is reason to believe that it can
redeem it" (Broudy, 1960, p. 24).

Preparing Students for Life in a Democratic Society

, As indicated by Broudy, liberal education is aimed at preparing citizens
for meaningful lives by developing talents directed toward self-realization and
self-fulfillment. This development of individual capacities and talents was
termed intellectual development by Whithead (1932) and is what he described
as making liberal education an important factor in a democratic society.
Liberal education must be designed to free humankind from ignorance,
prejudice, and narrowness by providing information, awareness, and
understanding about various life issues. The purpose of a liberal education is
to provide a comprehensive understanding of human knowledge and culture
and to develop an orderly mind (Ducasse, 1958).

Greene took a classical view of liberal education and he elaborated on
how it influences the body politic and religion in a democratic society in the
following statement:

In proportion as it is truly liberal and vital, all its members, as younger
and older scholars will be intensely concerned with the most urgent
problems of mankind--with scientific and technological advance, with
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political power and social justice, with the multiple moral rights and
duties, and with the challenges of religious aspirations and belief.
(Greene, 1953; 43)

Since the early 1970's, courses involving the subject matters of science,
technology, and cultural issues are regularly included in liberal arts
curriculum plans (Kanigel, 1986). Kanigel maintained that the need for
students to understand technology, how it affects society, and how society
influences the use of technology is based on technological literacy.

Technological Literacy

Technology, as a part of the student's core curriculum, helps to unite
different aspects of various courses to better understand their relationships
and benefits. Johnson (1992; 271) stated, "When dealing with technological
- advances and their impacts on society and the environment, an integrated
understanding of mathematics, science, and technology is, without question,
needed to make quality decisions. Without an explicit attempt to integrate
these fields in school, it is doubtful that students will recognize their
importance and be able to integrate the subject matter on their own." Waetjen
(1987;: 13) elaborated further by stating that technological literacy is truly a
"legitimate field of liberal education.”

Virtually all human functions are affected, either directly or indirectly, by
technology. When students graduate and enter the workforce, they must be
capable of integrating their knowledge and experience with the technological
circumstances they manipulate. Business and indusiry are looking for
workers capable of understanding and manipulating several facets of their
work environment. For this, the workers need to possess the ability to mix
their work experiences and the pot-pouri of liberal education they have
received to think creatively, solve problems, and make decisions. An
understanding of technology, combined with well developed intellectual
skills, will allow for the workers to make critical issues regarding technological
issues (Johnson, 1992).

Technology should be taught as part of the liberal education curricuium
to enable students to better understand technological behaviors, technological
systems and their complexities. Students in higher education should acquire
sufficient knowledge to be able to control technology, both as participatory
democratic citizens and for individual control for safety and quality of life.
Peterson (1992) helped describe how contemporary technology fits into the
liberal education tradition as being "at the core of education” due to its multi-
disciplinary nature. He also discussed that it breaks down the barriers between
the academic domains--integrating them in the process.

People also need to prepare for the transition from an industrial society
to an information society. Individuals must be able to understand this trend if
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they want to take advantage of the benefits and avoid the problems (Naisbitt,
1982).

Problem Solving
Addressing the needs of undergraduate students in the American

higher education institutions, Splete (1986; 21) pointed out that technological

literacy is requisite to problem solving: :
Because the technological methods and problem-solving techniques of
the engineer are so much a part of our society, we need to educate our
undergraduate students about them. This requires much more than
simply making our students computer literate. It is time for educators
to rethink and defocus the traditional liberal arts curriculum to include
study of technology. In addition to introducing them to the
traditional methods of inquiry of social sciences, humanities, and
natural sciences, we need to help students develop the skills of
technological reasoning and decision-making. This is important now,
but it will become imperative as technology becomes an increasingly
powerful force in our sodety.

From this it is surmised, that only after becoming technologically literate can

the student do a competent job of problem solving.

Mioduser, Venezky, and Gong (1992) described the value of integrating
science and technology courses in liberal arts subjects for potential problem
solving applications. They implied that it was the application phase of the
instructional process where the liberal education content was used to solve
sociological and technical problems. Problem solving is a technique that
should grow over an individual's lifetime.

Lifelong Learning

The teaching of technology must be interdisciplinary. Furthermore, it
should not be restricted to students who will be future leaders as most of our
students do not fall into this category. As educators, we hope graduates will
contribute to the development of society through their individual creativity,
their relations with family and friends, their jobs, and their roles as citizens.
In each of these directions, the individual interacts with a highly technological
environment. Education should develop capabilities for lifelong learning in
all of the disciplines that contribute to that environment (Truxal, 1986).

Since American higher education institutions have traditionally
focused on the preparation of liberally educated citizens, shouldn't these
citizens have a reasonable understanding of technology in our technological
world? The increasing need of our sodety for individuals who are able to
understand, apply, and control technology, mandates that higher education
institutions provide students with an opportunity to understand technology
and learn how to live in the technology-based environment. However, only
selected undergraduate students--students in science and science-related
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disciplines learn something about the technological world (Westheimer, 1987).

The literature suggested that preparing students for life in a democratic
society, technological literacy, problem solving, and lifelong learning are the
areas that need to be covered in a technology-based liberal education course.
Various forms of educational technology that can deliver those content areas
in an automated format are presented in the discussion that follows.

Educational Technology

The literature on educational technology was reviewed as it relates to the
delivery of a technology-based liberal education course. The following media
areas were isolated as being particularly applicable to the proposed delivery of
the automated liberal education-based technology course.

Video Media Implications

Soloway (1991) discussed the use of video discs as an interactive, self-
learning multimedia package that promotes user's creativity and self
expression. These interactive programs can be fun for the user to participate
in and are potentiallyt more acceptable as learning strategies. Soloway also
discussed the use of desktop video as it enhances individual thinking skills in
educational packages. These game-like qualities were found to be of some use
in motivation and simulation that will be developed further later.

Classroom videotaping allows for students to review lectures and
student presentations, thus self-analyzing the tactics they took in responding
to problem oriented activities. Students progressively get better at identifying
and responding to problems in general, whether they are in school, work, or
in life itself. While students benefit from visualizing their mistakes on
videotape, so willinstructors when they use it as an assessment technique.
With the audiovisual record of each student or each group's response to a
proposed problem, an instructor is able to guide them for their next
presentation and may reference the taped material in the future. The
possibility is there to erradicate the memorize-and-forget tactic used for the
studying of many tests when appropriate videotaping strategies are employed
(Johnson, 1992).

Multimedia Computer Possibilities

Spitz (1994) described the value of computer-based CD-ROM as a means
to inexpensively produce multimedia training on IBM-compatible systems.
She also described the value of the audio comporent in such systems as
simulating the student being near an instructor. This was particularly true as
it related to feedback on the correctness of answers. Spitz also described how
"low technology” applications in computer-based training systems may be as
appropriate as their high technology counterparts when they better serve the
instructional objectives.
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Multimedia applications of educational technology often take the forms
of video games and experiences. These are powerful bases for delivering
instruction in many areas within the liberal education field. When the games
and experiences closely simulate the 3-D world they become part of virtual
reality which will be disussed later (Lindquist, 1992).

Artificial Intelligence

There are possibilities of using artificial intelligence (AI) as a master
guide in the automation of liberal education subject matter. McKenna (1991)
discussed the value that artificial intelligence has in interactively ascertaining
literacy and then improving students' reading skills. [Here the educational
technology is specifically addressing literacy which is a major function of
liberal education.] Halff (1986) expanded on that idea by stating that these
computer programs are capable of simulating an instrutor in determining that
errors were made in a diagnosis phase and formulating plans or strategies to
have the student overcome the difficulty.

One of the classical programs that used early developments of artificial
intelligence in the learning setting was a program calied LOGO (Dennett, 1993).
These early programs showed the flexibility that artificial intelligence has in
delivering a variety of liberal education subject matter. Artificial intelligence
can also be used to simulate the world in three dimensions. It crosses into the
world of virtual reality when it does that.

Virtual Reality

Virtual reality involves using the computer to simulate real life
situations. Some of these applications approach the very real world of nearly
3-D imagery. Such experiences hold great possibilities in the classroom, but
much of their use has been in video games (Lindquist, 1992). As the
experience novelty is replaced with well planned subject matter infusion the
possibilites for this technology are endless. Wheeler (1991) stated that virtual
reality has the ability to simulate areas in Physics, Chemistry, and other
scientific areas in higher education. One of the benefits of the virtual reality
experience when applied to the scientific areas is the elimination of danger.
Students can work with nuclear material or caustic substances virtually and

not run the risk of the physical harm that would normally accompany these
activities.

The barrier of scale can also be removed via virtual reality. Going into
the human body and investigating the interworkings of the immune system
can be simulated in virtual reality (Lindquist, 1992). This takes education
beyond its traditional dimensional boundaries and limits.

Art is one area where the virtual reality technology becomes the medium

of the discipline (Leunfeld, 1993). Art as a subject certainly can include the
application of the realistic simulation of virtual reality which would be using
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the technology as a medium. It also can be used to simulate the imagery of
Art, in an art appreciation sense. This artistic media as a form of educational
technology makes the application of technology have interesting consequences
in the proposed automation of the course.

Distance Learning

Portway (1993) described the advantages of distance learning as costing
about half that of traditional classroom training and the use of
telecommunications makes it possible to reach diverse geograpically distanced
populations that would normally be impossible to reach. The system that
Portway described, "Hewlett-Packard's Distance Learning," included
networked computer terminals through which both the instructor and the
student could have immediate feedback. In this system, there was a keypad
form of input used by the student to answer multiple-choice questions. The
student ascertained the correctness of the response and this was used to
communicate the effectiveness of teaching to the instructor.

After reviewing the literature, video media, multimedia computer
possibilities, artificial intelligence, virtual reality, and distance learning
technologies were suggested as possible media to present an automated
technology-based liberal education course. These discoveries lead to the
formation of the following objectives and subsequent project phases to
accomplish this proposed study.

OBJECTIVES
In this proposal, several objectives are outlined in the following:

1. To assess the mission, content, and process of a course aimed at
understanding technology.

2. To focus cpecifically on innovative teaching methods, learning
strategies, and systems for enhancing the delivery of the course.

3. To develop criteria necessary for the integration of the course as a
part of a university core curriculum.

4. To develop the entire course package as a model for distribution

in similar circumstances.

In order to accomplish the objectives of this project they have been
organized into three proposed phases. The initial phase was designed to start
the development of the media for the project on-campus at Bowling Green
State University. Phase I is organized as it relates to each stated objective.

PROJECT PHASES
Phase I: On-campus Media Development (January 1994--December 1994)

Phase I was designed to initiate the project over a one year timeframe.
The fcilowing identifies the benchmarks for the first year of the project:
1. To assess the mission, content, and process of a course aimed at
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understanding technology.
a. Survey on and off-campus graduates.
~b.  Receive advisory committee feedback.
2. To focus specifically on innovative teaching methods, learning
strategies, and systems for enhancing the delivery of the course.

a. Develop an abstracted taxonomy of educational
technologies.

b.  Select educational technologies from the list that will apply
to the liberal education course.

3. To develop criteria necessary for the integration of the course as a
part of a university core curriculum.

a. Establish content required for university acceptance of a
liberal arts course.

b. Determine the criteria necessary for the integration of the
course into a university curriculum and assure that it still
meets those criteria after being "automated.”

4. To develop the entire course package as a model for distsibution
in similar circumstances.

a. Break the course into a list of topics that relate to
educational technology formats.

b. Assign educational technologies, as they relate, to each topic
of instruction.

¢ Develop a sequence for adapting each topic/unit for
application to educational technologies.

d. Prototype one topic or unit of instruction.

e. Use the prototyped experience as a model to prototype the
other units of instruction.

f.  Package the instruction for duplication and replication on-
campus.

g Test the package and make changes from the
iterations of the running of the course on-campus.

Based on the findings and recommendations found in phase I, and
paralleling several of the previously mentioned objectives, the following steps
will be taken during phase I which is a second year timeline. The second
phase is an application of the media developed in Phase I to off-campus
nontraditional students. Phase II is also organized as it relates to each stated
objective.

Phase II: Application of the Media in Off-campus Delivery (January 1935--
December 1995)
1. To assess the mission, content, and process of a course aimed at
understanding technology.
a. Administer teaching evaluations relating to the teaching
methodology (multi-media format) for the course initially
on-campus and later off-campus.
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b. Tabulate the teaching methodology data from the entire year
one experience.

c. Analyze data on the effectiveness of the educational
technology used on a case-by-case application basis.

d.  Make recommendations for improving the delivery of the
course.

2. To focus specifically on innovative teaching methods, learning
strategies, and systems for enhancing the delivery of the course.

a. Develop a summary of the results of the instruction based
on the content delivered and the educational technology
applied.

b. Present the results in a narrative format.

¢. Draw subjective conclusions on the applications of the
educational technology to the content area delivered.

3. To develop criteria necessary for the integration of the course as a
part of a university core curriculum.

a. Review the criteria required for university acceptance of a
liberal arts course.

b. Reaffirm that the course still meets the criteria necessary for
the integration of the course into a university curriculum.

4. To develop the entire course package as a model for distribution
in similar circumstances.

a. Use the prototyped experiences in phase I as a model to
prototype all of the units for both on and off-campus
presentation.

b.  Package the instruction for duplication and replication on
and off-campus.

c. Test the package both on and off-campus and make changes
from these new iterations of the delivery of the course.

In the final phase of the project the findings of the study of the off-
campus presentation will be developed into a format that is generalizable to
other institutions' technology-based liberal education applications. As done in
the preceeding phase, Phase Il is organized as it relates to each stated objective.

Phase ITi: Generalization to other Technology-based Liberal Education
Applications (January 1996--December 1996)
1. To assess the mission, content, and process of a course aimed at
understanding technology.
a. Survey recent on and off-campus graduates (after they have
undergone the new multimedia instruction).
b. Receive advisory committee feedback.
2. To focus specifically on innovative teaching methods, learning
strategies, and systems for enhancing the delivery of the course.
a. Develop a summary of the results of the instruction based
on the content delivered and the educational technology
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applied.

b. Present the results in a narrative format.

c. Draw subjective conclusions on the applications of the
educational technology to the content area delivered.

d. Make final changes to improve the instruction after phase II
has concluded.

3. To develop criteria necessary for the integration of the course as a
part of a university core curriculum.

a. Review the criteria required for university acceptance of a
liberal arts course.

b. Reaffirm that the course still meets the criteria necessary for
the integration of the course into a university curriculum
after final modifications.

4. To develop the entire course package as a model for distribution
in similar circumstances.

a. Use the prototyped experiences in phase II as a model to
prototype all units for the universal presentation format.

b. Package the instruction for duplication and replication at
any institution of higher education.

c. Test the package at several different higher education
institutions and make changes from this input.
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For the Arts and Humanities, and to some degree for the Social Sciences, the terms
postmodernism and poststructuralism refer in part to the blurring, even to the dissolution, of
genres and other categories and their subsequent reordering. As Carl Bankston (1994, p. 1)
writes, postmodernism's view of the nature of humanity: '

offers a stark contrast to the image of "modern man" that has dominated ‘Western
thought since the fifteenth or sixteenth century. In place of the modern rational, unitary
self dominating a coherent world of discoveratle, systematic certainties, the postmodern
perspective posits a self emerging from a confluence of diverse experiences, arbitrary
forms of social relations, and systems of communication.

Bankston's remark, and the postmodernist impuise itself, are useful if for no other reason than
because they force a rethinking of our systems of knowing and education. Whether or not a new
and pronounced reverence for the arbitrary is discernible in the social sciences and humanities,
what is becoming increasingly clear is that these disciplines are being defined differently than they
were a decade or two ago.
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In the engineering fields as well, the boundaries of traditional bodies of knowledge are
being stretched; and it might not be going too far to claim that these bodies of knowledge may be
due for a fundamental restructuring. Such changes are not in the broadest sense unique and in
fact they can be viewed to be, especially within the university setting, both normal and necessary.
Indeed, if many in these three fields harbor doubts about the changes underway, then comfort
might be taken in being reminded of the founding notion of the modern university that began in
the Middle Ages. To someone like Thomas Aquinas the Latin verb scire, to know, the root of our-
modern term science, indicated the activity of acquiring knowledge of a specifically theological
nature, for this was knowledge. Yet we already see in Aquinas's thinking the distinct branch of
knowledge that came to be called philosophy in the modern world--and in turn the idea of science
such as we today think of it, the hard sciences. But of course we need not look back all the way
to medieval times in order to present a warrant for today's kinds of activity. Rather, modern
developments in mathematics and the sciences--the emergence of particle physics, for example--
suggest the limitations and perhaps even the dangers of practicing a single discipline in isolation,
as if in a vacuum. The vacuum, the void, by some philosophical lights, is what underlies the
manifest world, and so science is science of the world.

The same can and must be said for education. One critical position that underlies the'STS
enterprise is the assumption that students learn better, learn more, and quite possibly faster, when
what they are learning is contextualized within parameters that exceed a single discipline and is
integrated with other disciplines--as is coming to be widely recognized in, for example, e
engineering field (see, for instance, Mitra, 1992; Robbi & Elliot, 1992; Wyant & Eck, 1992).
Embracing an interdisciplinary approach to education, however, will present problems of a
practical and otherwise a logistical nature. What, for instance, might be a likely focus for training
students to comprehend the engineering impulse and practice within the wider world? On its part,
the contextual humanistic-social science approach has given rise to scholarship and fields of study
under the general heading of STS--science, technology, and society. Today, the hundreds of
participants at this NASTS annual meeting, covering education from elementary school through
doctoral programs, and all related fields, are testimony to the interest in the interactions of
technology and science with society. STS as a discipline is multifaceted and dynamic. The STS
practitioner can focus her or his energies on numerous approaches and projects.

Thus, when we analyze a real-life problem faced by our technological society--
environmental pollution, for example--we realize that environmental problems themselves tend to
be multi-faceted. Again, they often transcend the scope of any one discipline. Analyzing the
environmental impact of a product's package design for instance, requires collaboration of several
disciplines: social sciences to provide an economic assessment of the package's life cycle effect on
the environment; humanities to evaluate the aesthetics and ethics of design change; natural
sciences to provide a toxicological analysis of chemicals in the packaging manufacture and
disposal. Interdisciplinary collaboration has therefore become an essential element of any kind of
environmental research, planning, and management.

Under an EPA grant, the faculty at the New Jersey Institute of Technology has developed

an education plan that addresses complex and interrelated issues in pollution prevention. Since the
spring of 1992, it has worked towa-d the tangible project goal of researching, writing, and
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assembling a multi-disciplinary textbook that can be used in courses throughout the curriculum of
a technological university. Through detailed introductions, case-studies, and interactive student
tasks and assignments, the idea of pollution preventicn is presented in this book from the
perspectives of engineering, social sciences, and the humanities. Chapters include discussions of
environmental history, aesthetics, governmental regulation, life-cycle design, philosophy, critical
thinking, and international issues--all with a focus on pollution prevention.

The project has now reached the stage where the text with case studies is being
implemented in diverse courses throughout major departments of our university. We believe that
this multi-disciplinary approach to liberal arts education, as well as to engineering education, in
the contemporary university is the first step in a revolution in the technical training of engineers,
architects, and other technological professionals. Concern for the environment has proven to be a
rich common ground for all these disciplines, where, in fact, the technology of pollution
prevention has been an integral part of the New Jersey Institute of Technology's curriculum for
several years. Environmental paradigms--of (1) Sustainable Development, of (2) Clean
Manufacturing, of (3) Design for the Environment, and of (4) Life Cycle Analysis--have been
integrated into existing engineering courses. Now, with the creation of a proto-textbook, these
environmental paradigms have been specifically expanded into a framework that includes pollution
prevention from a humanities and social science perspective.

The notion of a common (environmental) ground shared by diverse disciplines proceeds,
first of all, from the belief that pollution prevention is not just a technical issue. Rather, it is
philosophical, ethical, aesthetic, social, political, and economic--thus the development of an
interdisciplinary textbook of case studies in which students solve problems that are pragmatic,
humanistic, and policy oriented. By employing an environmentally based set of heuristic tools,
students complete tasks that emphasize communication skills, research, and critical thinking.

As shown here (in Figure 1, below, the Table of Contents of Pollution Prevention Book),
one case study or a number of case studies can be employed in the service of a particular course's

ultimate aim.

Figure 1. Contents of Pollution Prevention Book

POLLUTION PREVENTION FROM A HUMANITIES AND SOCIAL SCIENCES PERSPECTIVE

Preface

Introduction: Preventing Pollution at the Source
Chapter 1: From Remediation to Prevention

Introduction

Case Study 1. Understanding the Issues: End of Pipe Strategies Versus Front End Environmental Design
Chapter 2: Definitions and Documents

Introduction

Case Study 2. Developing a Glossary and Writing a Position Paper on an Environmental Issue
Chapter 3: A Critical Thinking Model for Pollution Prevention

Introduction

Case Study 3. Critical Thinking in a Plan for Pollution Prevention

Continued on next page
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Figure 1 (continued from last page)
Chapter 4: The Historical Dimension
Intreduction
Case Study 4. To Preserve Nature or To Use It? The Story of Hetch Hetchy Valley and the City of
San Francisco
Case Study 5. What is the Meaning and Value of "Wild Country"? Robert Marshall, Echo Park
and The 1964 Wilderness Act
Chapter 5: The Cultural Dimension: The Visual Imagination
Intreduction
Cuse Study 6. To Live with Nature or to Dominate it?
Two American Architectural Approaches: Skyscraper Versus Adobe and Pueblo
Case Study 7. Exploring the Idea of Nature as a Spiritual Entity: Frederick Church's Nineteenth
Century Painting and Anscl Adams' Twentieth Century Phctography
Chapter é: The Cultural Dimension: The Literary Imagination
Introduction
Case Study 8. Exploring the Idea of Nature as a Spiritual and Physical Entity: The Nineteenth
Century Writing of Ralph Waldo Emerson and the Twentieth Century Writing
of Gary Snyder
Case Study 9. Ethical Science and its Relationship to the Natural World:
JTournals of Life in the Woods by Henry David Thoreau and Aldo Leopold
Chapter 7: The Ethical Dimension
Introduction
Case Study 10. The Ethics of the Commons
Case Study 11. The Ethics of Restoration and Mitigation
Chapter 8: The Policy Dimension: Economic and Social Context
Introduction
Case Study 12. The Geography of Environmental Policy Decisions
Case Study 13. Overcoming the Car Culture: Developing a Program to Modify Human Behavior
Chapter 9: Policy Dimension: Legal Context
Introduction
Case Study 14. Planning for Ground Water Protection
Case Study 15. Environmental Dispute Resolution: The Phohl Brothers Landfill Case
Chaptcr 10: The Policy Dimension: Communications
Introduction )
Case Study 16. Cutting Through the Red Tape: Reading Environmental Rules
Case Study 17. The Substance and Process of the Pollution Prevention Act
Chapter 11: International Perspectives
Introduction
Case Study 18. Intcrnational Aspects of Pollution Prevention
Chapter 12: Federal Programs
Introduction
Case Study 19. Federal Government s a Model: Investigating and Implementing Pollution
Prevention Practices in Federal Facilitics
Chapter 13: State, Local and Small Private Programs
Introduction
Case Study 20. Newark Radiator Repair
Chapter 14: Industrial Programs
Introduction
Case Study 21. Source Reduction Versus Recyclability: The Ninc Layers of a Snack Chip Bag
Case Study 22. Industrial Responsc to Eliminating Halon: An Ozone-Depleting Chemical

A course in manufacturing engineering, for example, might use the book's case study, "The Nine
Layers of a Snack Chip Bag," to examine environmental tradeoffs of source reduction versus
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recyclability in evaluating a design change. Similarly, a course in American literature or in World:
Civilization might integrate into its syllabus the book's case study entitled "Exploring the Idea of
Nature as a Spiritual and Physical Entity: The Nineteenth-Century Writing of Ralph Waldo
Emerson and the Twentieth-Century Writing of Gary Snyder."

Even within the confines of a single course discipline, the book might lead students to
think of that discipline within a larger field of uaderstanding. For example, several case studies in
the book reveal the complexities of ethical decision making. "The Ethics of the Commons: An
Examination of the Moral Obligations Regarding Commonly Owned {or Unowned) Resources,"
and "The Ethics of Restoration and Mitigation; An Examination of the Moral Value of Natural
and Restored Environments," ask students to consider their individual conduct as professionals
and as citizens within a world of decreasing natural resources and increasing amounts of pollution.
These cases and others require students to make ethical, and practical, decisions that impact upon
the environment. A case entitled "Ethical Science and Its Relationship to the Natural World: The
Nature Journals of Henry David Thoreau and Aldo Leopold," for instance, details the relationship
between observation of the physical world and a consequent psychological bond with that world,
which leads to feelings of connection and responsibility.

Furthermore, the book provides a pedagogical envelope for existing interdisciplinary
curricula within a technological school. NJIT is a participant in an interuniversity,
interdisciplinary engineering education project called Gateway. Serendipitously, the book has
been and will continue to be applied specifically within the Gateway intiative's parameters. For
example, at NJIT a common hour presentation for engineering students on skyscrapers can be
augmented by case studies in the book on art and architecture (such as one entitled "To Live with
Nature or To Dominate It?: Two American Architectural Approaches, Skyscraper Versus Adobe
and Pueblo"). Yet the book can also be used within the context of each Fundamentals of
Engineering Design module (which helps to make up the freshman engineering course). And the
students in each section of this FED course also take a course called "Writing, Reading,
Thinking," which is meant to be complementary. The students discuss poetry in their engineering
course. They make oral and visual presentations of their respective engineering teams' individual
projects; a group that has been assigned the task of designing and manufacturing a toy, for
instance, will have to present its work, not in its engineering but in its English class. Moreover, in
conjunction with the FED electrical engineering module, the English class will consider a variety
of readings on light--for example, texts like the biblical Genesis in which God says "Let there be
light," and as well writing by the contemporary poet William Bronk whose poem "The
Annihilation of Matter" concludes, "Objects are nothing. There is only the light, the light!" Such
classroom activity is enhanced by using the pollution prevention book's case study that compares
the use of light in the landscapes of the nineteenth century painter Frederick Turner and those of
the twentieth century photographer Ansel Adams. Likewise, with the civil engineering module,
whose theme is reservoirs, the English class will discuss and write responses to texts with the
theme of water, or employ appropriate case studies from the pollution prevention book. And so
on.

While some schools have made successful attempts at integrating social sciences,
humanities, and engineering in one course (notable is the Colorado School of Mines' semester-
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fong interdisciplinary seminars that emphasize the role of technology and its impact on social
change [Florman, 1992, p.217), NJIT's focus is to bring pollution prevention into courses across
the curriculum. The cases in our volume are subject-related and cognition-related, but they do not
include identical tasks. Redundancy, however, is necessary to successful integration of skills.
Hence, like the assimilation of writing skills through reinforcement, which occurs in many
courses, a holistic awareness of the environment comes from exploring problems and solutions
from a variety of perspectives by performing related sorts of inquiry.

Overall we can say that, in solving practical problems, students rethink their personal and
civic roles in their world. In our assessment of the field tested volume, students were asked how
their concept of pollution prevention had been expanded by using various case studies. One
student wrote, "I thought that pollution prevention meant prevention of exhaust from motor
vehicles and factories, but now I understand that it can include parts of forests, wetlands, or a
valley, such as the Hetch-Hetchy Valley. . . ." Another student wrote, "Until this assignment, I
never knew that hospitals produced so much waste and that one patient could produce gallons of
waste per day. This case made me more aware." Initial responses of our faculty, as well as faculty
from other schools with whom we have spoken, are equally enthusiastic.

Traditionally, people think of the humanities as perhaps a course in American literature,
and of the social sciences as a course in, say, child psychology. It would be disingenuous to
maintain that these traditional subjects no longer hold sway in our educational and epistemological
traditions. Arguably, however, American Literature, as a discipline, thrives when it asserts that
there is a place for the appreciation of nature through contemplation of the beautiful, and thereby
of the ethical. Likewise, the social sciences may comprise a methodological approach to
understanding the environment through empirical data collection. These things should not be
otherwise, But what, in fact, requires a deeper appreciation is the potential for these disciplines to
adopt environmental paradigms that can create a unique disposition toward pollution prevention
and environmental thinking generally, and can deepen and enhance the disciplines themselves.

Finally, our goals are altruistic and pedagogic; technology needs the support of society in
order to effect necessary changes for restoring and preserving the natural world. Only when
societies, when people, make the effort, can real progress be made. This progress will require
interdisciplinary thinking that transcends traditional distinctions and creates new, and in our time,
more useful categories of knowledge.
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SHOW ME SOCIAL ISSUES AND TECHNOLOGY

Dr. Fred Worman, Assistant Professor
Department of Agriculture
Central Missouri State University
Warrensburg, MO 64093
816-543-4191

Dr. Art Rosser, Dean
College of Applied Sciences and Technolog
Central Missouri State University
Warrensburg, MO 64093
816-343-4450
816-543-8031 (Fax)

“Show Me” Social Issues and Technology is a case history of a course at Central Missouri State
University. Central is a four-year comprehensive state university located on the western edge of the state.
fifty miles east of Kansas City, Missouri. The university serves a defined catchment area of 21 counties
plus the rest of the state, the nation, and the intermational community for specific, premier programs of

study. Many of the premier programs are located in the College of Applied Sciences and Technology
(CAST).

Social Issues and Technology is a course offered by the Department of Agriculture within the
Applied Sciences group of the College. The course was designed to meet the needs of students in the
Bachelor's degree programs offered by the department. Because the course draws on material from many
fields, it was decided that it should bc an upper-division undergraduate course to allow the students to
complete their General Education requirements and to be substantially involved in their chosen
Agricultural major before taking the course.

There are a number of philosophical reasons for offering this course. Technology, perhaps more
than any other single characteristic, has shaped the history, economics, politics, and destiny of the United
States. Technology is the basis for, and hopefully will provide a solution to, many of the social issues
we face today. For example, environmental degradation, bio-genetic engineering, misuse of computer
technology, and preserving the food we eat, produce technology-related social issues that the current
generation of college students will have to deal with in the future.

An understanding of the scientific basis and the actual application of technology is an important
component of any general education; however, students need to understand the impact of technology on
society if they are to develop the vision to be the economic, political, and social leaders in tomorrow’s
world. The Social Issues and Technology course provides a broad historical background to today’s

technology as a basis for examining specific technologically-related social issues from a general and/or
an econoric perspective.

This type of course provides a unique opportunity to integrate material from science, history,
economics, political science, sociology, and philosophy in the examination of one of the most pervasive
phenomena of our time. The examination of social issues related to technology helps to develop tolerance
for other people’s points of view, as well as a deeper understanding of one’s own point of view,
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The course teaching team is comprised of two to four faculty when it is offered. Currently, it is
being offered during the fall semester. The five faculty who have taught this course are an agronomist,
two agricultural economists, a veternarian, and a technologist. All professors are present at each class
meeting. All faculty members grade all term papers and each faculty member grades his/her own test
questions on exams. The presence of more than one faculty member causes a different type of group
dynamics within the classroom setting. The faculty at times restrain themselves from dominating the class
in order to serve as a catalyst to stimulate discussion or to suggest alternative points of view which may
generate questions. After several weeks of faculty involvement, the students become more spontaneous.

The course, in its current makeup, uses two texts that are read by the students as outside readings.
One is Technology in America: A Brief History, while th second is the current edition of the State of
the World from the Worldwatch Institute. Neither book is lectured from, but both are used as references
as appropriate to classroom topics. Exam questions, in the broad generic sense, are taken from the outside

readings. The exam questions are always essay in format and require students to present a supportable
opinion.

The classroom presentations begin with several class periods devoted to the history of technology.
Background material is also presented covering the topics of creativity and innovation, invention, and
basic economics. This background material is followed by presentaiions covering a broad spectrum of
subjects as shown in the list contained in Appendix A. At this time the course is primarily for agriculture
majors, so much of the material has a direct or indirect agricultural application or relationship; however,
a great many of the topics covered are of general interest not only to people working in agriculture, but
to everyone who is concerned with the future of our society.

The use of case studies and examples provides students an opportunity to develop their analytical
and reasoning skills, while written assignments and oral presentations on group projects develop
communications and interpersonal skills. The students, either individually or collectively in small groups
of two to four, make oral presentations or form debate teams to report on or to debate subjects such as
abortion, NAFTA, cloning, radon gas, or challenged persons. Each student writes a term paper on his/her
choice of topics. Examples of topics of past papers are listed in Appendix B. As expected in a group
mainly composed of agriculture majors, many of the topics are agriculture-related.

Actual classroom presentations by professors vary in format and style as determined by the
professor and hisfher topic. For several semesters, the history portion has been illustrated with slides.
In the fall, we are planning to use the Ascent of Man video series hosted by the late Jacob Bronowski,
to give the students the historical perspective. The computer is used to manipulate the charts and graphs
found in the current edition of Vital Signs. We have merged the resulting computer graphics with
overhead transparencies to show competing data as well as to project future trends. Many interesting
comparisons have been drawn for this class by using a variety of outside reterences ranging from
Preparing for the Twenty-First Century, Beyond the Limits, and The Limits to Growth to “Playboy”. By
the middle of the semester, the students are beginning to become engrossed in this course and are
searching for as much material as possible on the topics presented. The entire classroom is used as a
teaching tool as the builetin boards are used to display social issue top..s in a poster presentation format.
The poster presentations are, for the most part, self-explanatory.

The students are required o submit weekly annotated bibliography cards on articles, books,
magazines, or even newspaper articles about technology and social issues. The faculty encourage the
students to direct these readings toward their own term paper topics, but many do not elect to do so. Most
students seem to explore their interest of the moment, rather than pursue a single topic for a number of
weeks.
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Student evaluations of this course have generally been very positive. Students report that the class
is interesting, that they like having several faculty members involved in teaching the course, and that they
enjoy the class because it is challenging. Criticisms include comments on the State of the World text
being too hard or boring, that there is too much work involved in the course, and that the
“environmentalist” viewpoint is over- represented.

Some people may think this course is not any different from what you have experienced at your
own institution. It may not be. In west central Missouri, this course is unique. The faculty teaching
situation is different. The course requirements are rigorous. The students are challenged beyond normal
expectations. It is a “Show Me” experience in teaching and leaming at Central Missouri State University.

Included after the Appendices are a sample course syllabus from Fall, 1993 and a suggested
reference list of books and periodicals available to the students.
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APPENDIX A

The Social Issues and Technology course involves an in-depth ¢examination of a number of issues related

to technology. Specific issues to be examined are determined in part by the interests of the class.

examples of issues which have been discussed include:

ZZCASTZOMmMOUODR

Can we create a “sustainable agriculture”?
Gene splicing - man makes himself

Acid rain - costs and benefits
Electro-Magnetic fields

Scientific progress and limits of growth
Malthus and population growth - was he right?
Computers - yesterday, today and tomorrow
The Grand Canyon as a sanitary landfill
Radon gas

Pieservation of species - genetic erosion and endangered species
50 trends shaping the world

Earth's greenhouse effect

Cows have rights too

Technology transfer - the intemational picture
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APPENDIX B
TERM PAPER TOPICS

Birth Control

The Use of Electronics in the Military

The Drug RU 486

Owls vs. Loggers

Soil and Survival

The Study of Modem Cropping Systems and How the Form of Production
is Affected

John Deere

Bioengineered For a Better Cropping System?

PETA Under Fire

Earthquake Predictions

Sustainable Agriculture, Fad or Reality

Midwifery

Bovine Somatotropin

The Questionable Safety of Breast Implants

An Agricultural Answer to the U.S.'s Dependance on Foreign Oil

Ozone Layer Depletion above the Arctic and Antarctica

The Greenhouse Effect

Can a Machine Ever be a Mind?

Compact Discs

Ethanol - An Alternative Fuel

Artificial Insemination in Beef Cattle

Conservation Tillage

Henry Ford and the Advancement of the Automobile

The Needs and Benefits of Conservation and No-Till Farming

Technology of Radial Tires in Agriculture

Robotic Technology

182

176




O

ERIC

Aruitoxt provided by Eic:

177

Agriculturc Department
AGRI 3130
SOCIAL ISSUES IN TECHNOLOGY

INSTRUCTORS:

This course will be team taught by Dear: Rosser and Dr. Worman with guest presentations by other
faculty. Dr. Worman is responsible for administrative aspects of the class.

TEXTS:

Marcus, A.L. and H.P. Segal, Technology in America: A Brief History, 1989.

Brown, L.R. et al, State of the World: A Worldwatch Institute Report on Progress Toward a Sustainable
Society, 1993.

Additional reading material provided as handouts.

NOTE: Specific readings may or may not be discussed in class. Whether or not readings are discussed,
students will be lield responsible for the reading’s content on exams.

PURPOSE:

To impart to the students a historical view of past technologies und the associated precipitation of social
changes, socio-economic structures necessary to evaluate the increasing proliferation of technological
transformation, and an understanding of how changes promise to affect their lives now and in the future.

OBJECTIVES:
Upon completion of this course, the student should be able to:

1. Discuss the evolutionary process of technology as a result of man’s ability to manipulate natural
law to his advantage.

2. Evaluate major historical technological advances, their associated resistance, and resulting social
adjustments.

3. Analyze the role of the advancement of technology as the critical link in society.

4, Analyze specific topics and studies that relaic to current and future social issues both within and

among cultures and nations.
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COURSE APPROACH:

There are two major components to this course. During the initial component of the course, we will
discuss technology in a historical perspective, examining both the process of technology and technology
history in the US, particularly in the last 250 years. -
The second component of the course involves a more in-depth examination of a number of issues related
to technology. Specific issues to be examined will be determined in part by the interests of the class.
Some examples of issues which may be discussed include:

" Can we create a “sustainable agriculture”? - FW
Gene splicing - man makes himself - DA
Acid rain - costs and benefits - AR
Electro-Magnetic fields - AR
Scientific progress and “limits of growth” - AR
Malthus and population growth - was he right? - FW
Computers - yesterday, today and tomorrow - FW
The Grand Canyon as a sanitary landfill - AR
Radon gas - RT
Preservation of species - genetic erosion and endangered species-RT
50 trends shaping the world - AR
Earth's greenhouse effect - FW
Cows have rights too - DA
Technology transfer - the international picture - FW

ZZrASTIOMMUON®TYP

GRADING POLICY:

4 exams (including final) 400 points
Weekly readings/reports 120 points (10 points each)
Term paper 100 points
Group presentation 100 points
Writing sample 40 points
Participatiun, quizzes 40 points
TOTAL 800 points

GROUP PRESENTATION:

\
The class will be divided into small groups of two. Each group will select a topic, based on the available
Worldwatch Papers, to research. The group will make an oral presentation of their findings, presenting
a balanced picture of the subject. Class members will participate in grading the presentations with an in-
class peer grading sheet.
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TERM PAPER PROCEDURE:

1L

111.

Iv.

A topic for the paper will be submitted on September 16, 1993.

The outline is due on October 14, 1993. It should be prepared on a word processor and should
include:

1. The word processing program which will be used.
2. Double spacing.

3. One inch margins.

4. Four references.

The term paper is due on November 23, 1993. It should include:

1. One inch margins.

2. Five to ten double spaced pages PLUS a title page.

3. At least six references.

4, The style format as defined by The Publication Manual of the American Psychological
Association.

Late paper grades will be dropped 5 points per class meeting.

Plagiarism will not be tolerated. If you have questions about plagiarism, consult Form and Style:
Theses, Reports, Termpapers by Campbell and Ballou or ask the instructor.

Termn papers may be tumed in at least one week before the due date for critiquing prior to final grading.

OUTSIDE READINGS/REPORTS:

Twelve outside readings/reports on Social Issues/Technology are required. These may be taken from
journals suggested in class, journals from the library, ones you receive at home; from major newspapers;
or from TV reports. One annotated bibliography is due each week at the beginning of the Tuesday class
starting September 7 through November 23.

The Annotated Bibliography should be typed using a word processor on standard paper. It should be a
minimum of 200 words and include:

Bibliographic information on reading/report (Title, Aathor, Page Numbers, Volume, etc.)
Synopsis of the article/report

Your opinion on the article/report (i.e., why it caught your attention, how it relates to your
life, work, or what we have been studying in class)

W -

These articles/reports may be used as a basis of discussion during class, or students may be asked to
discuss their article/report in relation to other topics. Students should be prepared to discuss the
articles/reports and their i=plications.
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READINGS
Week of Chapter Numnber and Title
Pages
TEXT: Technology in America: A Brief History
September 7 1. - Manufacturing America: 1607 to 1800 3-50
2. - Young America and Individual Opportunity:
1800 to the (830s 52-86
September 14 3. - America as a Social Unit: 1830s
to the 1870s 88-130
4. - Systematizing Power, Communications, and
the Power of Communication 135-178
EXAM |
September 21 5. - Systematizing the Fabric of American Life:
the 1870s to the 1920s 180-217
6. - Systematizing Workers and the Workplace 220-253
September 28 7. - Technology as a Social Solution: the 1920s to the
1950s 257-312
October 5 8. - Technology as a Social Question: the 1950s to
the Present 315-362

TEXT: State of the World: A Worldwatch Institute Report on Progress Toward a
Sustainable Society

October 12 I. - A New Era Unfolds 3-21
2. - Facing Water Scarcity . 22-41
October 19 3. - Reviving Coring Coral Reefs 42-60
4. - Closing the Gender Gap in Development 61-79

EXAM 11
* October 26 5. - Supporting Indigenous Peoples 80-100
6. - Providing Energy in Developing Countries 101-119
November 2 7. - Rediscovering Rail 120-138
8. - Preparing for Peace 139-157
November 9 9. - Reconciling Trade and the Environment 158-179
10.- Shaping the Next Industrial Revolution 180-200

EXAM lil

Readings will be covered in cluss discussions, quizzes andfor tests.  Any references at the end of
each chapter may he helpful for your outside reading assignment.
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Date

August 26
August 31
September 2
September 7
September 9
September 14
September 16
September 21
September 23
September 28
September 30
October 5
October 7
October 12
October 14
October 19
October 21
October 26
October 28
November 2
November 4
November 9
November 11
November 16
Noveinber 18
November 23
November 25
November 30
December 2
December 7
December 9
December 16

AGRI 3130
SOCIAL ISSUES IN TECHNOLOGY

Activity

Introductions, syllabus and writing assignment
Pre-test, creativity & innovation - FW

Economics - FW
Pre-History - AR
Historical - AR

Historical - AR
Historical - AR

Exam 1 - FW

Historical - AR

Radon Gas - RT
Historical - AR

Gene splicing DA
Historical - AR

Malthus - FW
Preservation of species - RT
Population - FW

Exam Il - FW

Computers - FW

Limits of Growth - AR
Computers - FW
Landfills - AR
Sustainable Ag - FW
Sustainable ag - FW
Animals rights - DA
Exam I - FW
Greenhouse effect - FW
Thanksgiving - no class
Small group presentations
Small group presentations
Technology transfer - FW
Trends - AR

Exam IV-Final 11:00-1:00
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SUGGESTED OUTSIDE READING SOURCES
TEXTS:
Brown, L. R., Kane, H., & Ayres, E. (1993). Vital signs 1993. New York: W.W. Norton.

Brown, L. R., Brough, H., Duming, A., Flavin, C., French, H., Jacobson, J., Lenssen, N., Lowe,

M., Postel, S., Renner, M., Ryan, J., Starke, L., & Young, J. (1992). State of the world 1992. New
York: Norton.

Brown, L.R., Duming, A., Flavin, C., French, H., Jacobsen, J., Lenssen, N., Lowe, M., Postei, S.,
Renner, M., Starke, L., Weber, P., & Young, J. (1993). State of the world 1993. New York:
Norton.

Cutcliffe, S. H., Goldman, S.L., Medina, M., & Sanmartin, J. (Eds.). (1992). New worlds, new
technologies, new issues. Bethlehem, PA: Lehigh University Press.

Kennedy, P. (1993). Preparing for the twenty-first century. New York: Vintage.

Markert, L. R. (1993). Contemporary technology. South Holland, IL: Goodheart-Willcox.

Meadows, D. H., Meadows, D. L., & Randers, J. (1992). Beyond the limits. Post Mills, VT:
Chelsea Green Publishing.

Meadows, D. H., Meadows, D.L., Randers, J., & Behrens, W. W. (1972). The limits of growth.
New York: Universe Books .

Sharp, A. M., Register, C.A., & Leftwich, R.H. (1990). Econonics of social issues. Homewood,

IL: Irwin.
PERIODICALS:

American Heritage

Audacity

Discover

Invention and Technology

Issues in Science and Technology
Scientific American

Technology Review

The Futurist

USA Today

U.S. News and World Report
Worldwatch Papers #85-112
World*Watch
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VIDEOS:

Seeds of Tomorrow

Altemative Agriculture: Growing Concerns

World at your Fingertips

The Thinking Machine

Future Quest Series: Science and Society

Latin American Population Explosion and Industrizlization

Race to Save the Planet: Greenhouse Effect and Preserve the Earth
Business of Hunger

Economics USA: Pollution

Global Warming
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SCIENCE, DIVERSITY, AND COMMUNITY :
REVITALIZING INTRODUCTORY SCIENCE CURRICULA: AN OVERVIEW

Jacqueline Ross
Director
Women's Studies Consortium
University of Wisconsin System
1612 Van Hise Hall, 1220 Linden Drive
Madison, Wisconsin 53706

"Science, Diversity, and Community, Revitalizing Introductory Curricula"
is a comprehensive National Science Foundation (NSF)-funded project, the
overarching purpose of which is to promote permanent systemic change in the
way that science and science education are regarded and carried out within the
University of Wisconsin System. It is this goal that makes this project risky
and difficult but very exciting and rewarding. If it is as successful as we
hope, this project will become institutionalized within our system and should
serve as a model for other institutions, large and small.

Within this overreaching framework, the major goal of the NSF-funded
project, "Science, Diversity, and Community: Revitalizing Undergraduate
Curricula," is to attract and retain qualified female and minority students in
science, mathematics, and engineering by improving the quality of
undergraduate science education for both women and men. In so doing, the
program seeks to reverse female and minority attrition from science at

. a point at which it is most acute in higher education: introductory courses of

the undergraduate science program.

The Women and Science Program is sponsored and administered by the
University of Wisconsin System Women’s Studies Consortium, which serves as a
formal organization of the Women’s Studies Programs in all of the degree-
granting institutions including the two doctoral, eleven comprehensive, and
thirteen freshman-sophomore campuses in the UW System. The Consortium has
identified curricular reform as one of its primary goals and, because of the
challenges presented by the sciences, designated Women and Science as a focus

area within that goal. A systemwide Women and Science Advisory Board,

composed primarily of scientists nominated by the Vice Chancellors of each UW
institution, alsoc helps to guide the program.

The Women and Science Program is an eight-semester visiting
professorship, curricular and faculty development program that brings together
students and faculty at UW System institutions with eight Distinguished
Visiting Professors (DVP’s) of Women and Science, from inside and outside of
the UW System, who have successfully implemented teaching innovations at their
home institutions. By the conclusion of the project period, each of the eight
DVP’'s will have visited a "science community" made up of one or more science

. departments in one or more UW institutions; they will work with a total of at

le-st seventeen Faculty Fellows in the Host Communities. The program is
designed to reform introductory curricula and increase female and minority
representation in science by: a) increasing faculty expertise in gender and
science scholarship and pedagogy; providing role models of professiocnal
women scientists; c¢) improving classroom and campus climate; and d) creating
"science communities" that will promote effective learning. Since these
innovations have been shown to be attractive to white men as well as to women
and people of color, this project should gradually effect an increase in the
total number of students majoring in the science.

The typical DVP spends a full semester at a UW science community,
teaching a model introductory science or mathematics course, holding seminars
on the incorporation of the new scholarship on gender and race-related content
and pedagogy into introductory science teaching, and working closely with
Faculty Fellows from the Host Communities to develop new course materials and
syllabi. (Each Faculty Fellow is expected to develop a new and/or revised
course and teach it within two years). The program will also develop a Cadre
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of Faculty Development Experts, made up of Faculty Fellows and other
participating faculty, some of whont will serve as DVP's and others who will
facilitate workshops on other UW campuses. A systemwide Women and Science
Advisory Board helps to guide the direction of the project.

Building Science Communities

Building interdisciplinary science communities has been an organic
process, beginning with a nucleus of science and women’'s studies faculty and
extending to include many other faculty, staff, and students from a variety of
disciplines as well as administrators. In fact, the process has involved
defining and redefining just what is meant by such a community.

Responses to a kickoff conference, attended by one hundred and fifty
faculty from across the UW system, held in the fall of 1992 were an early
indication that faculty and staff interested in science education welcomed a
rare opportunity to network and discuss reform of the science curriculum with
a wide spectrum of colleagues from across the state. Interestingly, an
overwhelming majority of participants identified improving the climate and
developing a sense of community as the most important elements in attracting
more qualified students -- including women and minorities -- to the science;

this initial judgement has been reiterated and underlined by faculty on host
campuses.

Professor Ethel Sloane (Biology, UW-Milwaukee) was the first
Distinguished Visiting Professor in the spring of 1993. Sloane visited the
University of Wisconsin Centers and taught her course, "The Biology of Women,"
at UWC-Waukesha. Professor Sloane also worked with Faculty Fellows from three
UW-Centers campuses to prepare new or revised course syllabi. Faculty mini-
conferences were conducted by Sloane, the Faculty Fellows, and members of a
Centerswide science improvement group for the science faculty of all the UW
Centers. Evaluations were positive with participants saying that they
appreciated the opportunity to discuss and share ideas on the topic of science
curricula reform. Again, the need to the improve climate and the sense of
community was identified as most critical to success.

While Sloane’s visit to the UW-Centers was called for as a part of the
Women and Science Program’s initial proposal to the NS¥F, subsequent
Distinguished Visiting Professorships of Women and Science have been allotted
to UW System institutions by a competitive internal proposal process conducted
di.~ing 1992-93 and the spring semester of 1994. Awards are based on the
institution’s level of commitment to curriculum reform: a "critical mass" of
host participation in faculty development activities, institutional support
for curriculum reform, as demonstrated by institutional matching funds and
other resources, and evidence of commitment to collaborative activities within
or between institutions.

A total of four Distinguished Visiting Pro ssors of the Women and
Science are scheduled for the 1993-1994 academic year and fall semestexr 1994,
three of whom spend a full semester at a UW System institution. Two of these
DVP’s, Sherrie Nicol (Mathematics, UW-Platteville and Cheryl Ney (Chemistry,
Capitol University), have been based at a Collaborative Community -- comprised
of UW-Eau Claire, UW-River Fall, and UW-Stout -- during this academic year.
The UW-Madison Chemistry Department will be host to Vera Kolb (Chemistry, UW-
Parkside), the third DVP, in the fall of 1994.

The fourth DVP, Sue Rosser followed a different model, as requested by
the Consortium Executive Committee and designed by her in collaboration with
participating institutions who submitted successful prcposals for her visit.
Professor Rosser circulated among nine UW institutions, initiating faculty
development activities. She spent an average of two to three days at each of
these campuses, giving workshops and talks attended by faculty and
administrators. She also met individually with faculty particularly
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interested in curricular revision. From all accounts, these events were well
attended and received.

The program, pending final approval by NSF of its concluding phase, will
continue through the 1995-96 academic year. We are currently requesting
nominations and/or applications for DVP’s, and the call for proposals has been
distributed. At the conclusion of the project, we are planning for its
institutionalization througn the Cadre of Faculty Development Experts and
other strategies. We also intend to create a number of *"products," including
a comprehensive project which will describe how our collective applied
theories of women and science have been evolved, what we have learned, and how
to go about doing what we have done -- this should serve as a kind of
blueprint for others hoping to form science communities with similar goals.
Other products, in addition to the revised courses, include laboratory
manuals, handbooks, articles, and conference presentations within the state
and nationally. While we recognize that the culture of each department,
college, and institution is different, we believe that the commonalities --
manifested in attitudes and practices that present both barriers and
opportunities -- we have experienced in the course of this project will ring
true in a wide variety of situations.

The Collaborative Community

Rebecca Armstrong, the Project Administrator, will focus on tha
Collaborative Community, referred to above, which has turned out to be

. challenging and innovative. Professor Sherrie Nicol will relay her

experiences in that capacity last semester. Loretta Thielman, who has been a
Faculty Fellow in the program, will talk about how her perspectives on science
education in general and science communities in particular have evolved. I
use the term "evclve" frequently in speaking of -this progect because, as it
has progressed, all of us have been in a process of learning, hence frequently
effecting alterations in how we carry out our roles in the community.

Since she is not here today, I want to quote briefly from Cheryl Ney,
our current DVP in the Collaborative Community, who is involved in a wide

variety of activities, ranging from formal to informal at all the campuses.

These activities include teaching at UW-River Falls and facilitating, with the
Faculty Fellows, colloquia on such topics as epistemology and teaching
practice, the discovery/hands-on, learning by inquiry approach to teaching,
and "contextualizing the discipline: the interdisciplinary field of science
and technology in society." Commenting on hLer role, Professor Ney says,
"Faculty development activities have traditionally focused on curriculum and
teaching strategies. This often translates into the expectation that a
Faculty Development Expert will provide faculty with the "right" knowledge in
teaching, usually in the form of content/curriculum suggestions and teaching
methods. However, if one believes that knowledge is socially constructed,

. then faculty development activities become the facilitation of this process of

knowledge building among faculty." Through these means, this progect will
result in the establishment of a distinctive paradigm of an organic learning
community which includes a faculty development model based on a soc1ally
constructed, interdisciplinary understanding of knowledge. And it is this
distinctive characteristic that faculty involved with (or even having contact
with) this projec: find either exciting and promising or threatening.

Program Evaluation

The purpose of the evaluation is twofold: 1) to assess whether the
program has met its original goals, 2) to determine what methods have been
successful in implementing it and, relatedly, how in the course of the project
the design of the project should be altered. Since the program should serve
as a national model, the evaluation is formative, providing insights and
information for other institutions that might replicate some or parts of it.
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Two evaluators were contacted, Judith Levy, head of the Department of
Chemistry at Eastern Michigan Umiversity, and Gloria Rogers, Dean for Academic
Advising at Rose-Hulman Insti‘-.:.e of Technology. The plan for evaluation
includes the following:

¢ Extensive quantitative and qualitative data collection, which will offer
accountability and facilitute the possibility that the program will
serve as a national model.

¢ Multi-group evaluation of students, Distinguished Visiting Professors,
Faculty Fellows, and campus administrators in order to completely
measure and analyze the outcomes of the program.

The evaluators will report on their findings periodically and contribute
to the final comprehensive document at the end of the project period.

What We Have lLearned Thug Far

The program has already begun to have what we consider an impressive
impact, reaching several hundred faculty and staff as well as students on UW
campuses. What we have learned is that what we have set out to do is more
complicated and challenging than we had anticipated. As I implied earlier,

this project is larger than the sum of its parts. We are trying to do more

than develop new courses around the state. Rather we are trying to build
interdisciplinary science communities within and throughout the state where
the ways in which knowledge is transmitted and where the learning climate is
significantly different from now. In effect, we are trying to transform the
culture from, as one or our Advisory Board members put it, a caste system to
one where education is conducted through collaborative, creative approaches.

In the process, we have learned a great deal. For one thing, each
department and each institution has its own culture which must be taken into
consideration in the planning of each host community -- especially complicated
in the CC. It is important to be flexible and to inveclve faculty and
administrators (support from both top and bottom are essential) at every step
of the way in order to build a sense of ownership. It has also become clear
to me, at least, that faculty development is the most important component of
this project -- someone in a meeting a few days ago asked how we could
encourage students to collaborate and participate in these new strategies --
but students aren’t the challenge here; I'm convinced that they will be
excited by challenging teachers; it’s the faculty we need to hook) .

As a result of what we’ve been learning, we'’re making adjustments both
in the theoretical base and the nuts and bolts of the program as we’ve gone

" along. For exampie each of the campuses in the CC has a Coordinator whose

work has turned out to be more time-consuming than we had anticipated; as a
result, we'’ve squeezed out some additional funds to provide them with release
time. While it seemed as if we had a great deal of money, we have been aware
of additional needs that we didn’'t anticipate -- some of which require funding
(although not all). On a larger issue, we also have come to realize, as a
result of the observations of our DVP’'s, evaluators, and others, that the
project must add to its goals the increase in recruitment and retention of
women and minority faculty members.

On a more positive note, our creative DVP’s, Faculty Fellows, and
Coordinators have taken the program in new directions, providing unanticipated
insights as to the greater possibilities of this project -- how to make it
work and instituticnalize it. For example, at our most recent meeting in the
Collaborative Community, I was delighted to find that the Fellows have become
a community within the community -- this will surely con ribute to long term
project goals. It was gratifying to hear very positive comments from faculty
and administrators alike, some of whom had previously seemed somewhat
skeptical about the project. These words are being translated into deeds as
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they have initiated discussions of ideas and plans for continuing and even
expanding the project to other collaborative communities.

Future Plans

As indicated above, the project will continue to evolve through the
1995-96 academic year, becoming gradually institutionalized and eventually
affecting many more hundreds of faculty and thousands of students statewide.

Because of the structure of the UW System, we have the unique
opportunity to experiment with faculty and curriculum development in a wide
variety of settings. Moreover, the Consortium’s experience with collaborative
initiatives anqd our resources, such as the Women’'s Studies Librarian’s office,
has been very helpful in implementing this project.

We anticipate that the project will serve as a model for other academic
programs facing similar challenges regarding science education in the midst of
problems in staffing and resource develcpment in financially difficult times -
- both within our system and acrous the nation. We hope that the, outcome of
the project evaluation and our products will help to shape other faculty

development and pedagogical and curriculum reform initiatives for years to
come.

191




STS in K-12 Education

195




190

TRENDS AND DILEMMAS IN SCIENCE, TECHNOLOGY AND SOCIETY EDUCATION
WITHIN K-12 SCHOOLS IN THE UNITED STATES

Dennis W. Cheek, Coordinator of Mathematics, Science & Technology and'
Lead Contact for the Social Studies, Rl Department of Elementary and
Secondary Education, 22 Hayes Stireet, B-4, Providence, Rl 02908

Science, technology and society (STS) education is a burgeoning
movement in K-12 schools across the United States. While the number of
teachers involved in STS education within K-12 schools is unknown, a
number of indicators demonsirate the widespread and growing acceptance
of this movement. These indicators include:

*

a growing number of workshops and presentations at major arnual
educational conventions such as the Association for Supervision and
Curriculum Development, National Science Teachers Association, National
Councii for the Social Studies, National Council of Teachers of English,
National Middle School Association, and International Technology
Education Association;

* an increasing number of STS curriculum materials produced by

educational publishers, state departments of education, and local school
districts;

* specific mention of STS education within official position papers of
professional associations such as the National Science Teachers
Association and the National Council for the Social Studies

* an expanding number of STS workshops for classroom teachers

offered by colleges universities, state intermediate service units, and
museums;

* increased mention of STS education within educational periodicals,
particularly in the areas of science and technology education, and the

establishment of several publications for teachers exclusively focused on
this arena;

*

explicit mention of STS in the standards documents of various
national projects, including Project 2061 of the American Association for
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the Advancement of Science (1993), the draft national science standards
from the National Research Council {(1994), the draft national standards

for the social studies from the National Council for the Social Studies
(1994).

The Goals of STS Education

While K-12 schools devote increasing attention to STS teaching and
learning, there is little agreement on a working definition. A study of 15
recent statements contained in curriculum documents or presented by STS
practitioners found little overlap (Cheek 1992a). Out of thirty descriptors
used to describe STS education, only the following six features of STS
education found widespread agreement:

*

emphasize the general interactions between science, technology and
society

*

raise levels of awareness regarding STS issues

incorporate ethics and values considerations

increase student understanding of the applications of technology
promote decision making skills

involve students in local community action

These six features form the core of what STS education is seeking to
accomplish.

Despite the lack of a well-formulated definition, STS education has
found a disciplinary home within science education (Bybee 1992,
McCormack 1992, Fensham 1992), social studies education (Marker 1992,
Splittgerber 1991), and technology education (Fensham 1992, Zuga 1991).
An Assembly on Science and the Humanities has recently been formed
within the National Council of Teachers of English and has engaged in an
active publications program (Cheek 1992a, Cheek 1993a).

Some environmental educators also have embraced STS education,
although there is still considerable disagreement about the exact
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relationships between these two movements (Cheek 1992a, Hungerford,
Volk, and 1Ramsey 1989, North American Association for Environmental
Education 1990). Clearly there are close conceptual ties and allied aims
among STS education, environmental education, and global education (cf.
Cheek 1992a, Smith 1992, Tye and Tye 1992). A major focus for ali of
these movements has been the desire to more adequately prepare students
for participatory democracy in the 21st century, rather than leaving
technical decisions solely to the experts. This emphasis is in line with
the reemerging civics movement within American elementary and
secondary schools (Quigley and Bahmueller 1991).

The Content of STS Education

K-12 STS education in the United States has usually been mediated
via one of two approaches (Rosenthal 1989): 1) a focus on STS issues
(modeled after the field of science policy studies) or 2) a focus on the
social aspects of science (modeled after disciplines like the sociology and
philosophy of science). The first option engages students in the study of
global, national, or local STS issues such as solid waste management, acid
rain, deforestation, rising health care costs, and energy conservation. The
choice of topics is generally determined by what is "hot" in the national
media or of current concern within local communities.

Sometimes exploration of STS issues is limited to students
developing position papers or taking a stand on an issue within the
classroom. Increasingly, STS teachers are providing opportunities for
students to nat only explore a local issue but also to engage in some form
of informed local community action regarding the issue (Hungerford, Volk,
and Ramsey 1989; Ramsey, Hungerford and Volk 1990; Lewis 1991). The
STS issues approach requires a constant updating of course materials and
can lead to a fragmentary understanding of science, technoingy and the
social sciences since relevancy is the guiding criterion. Exposing the
student to the formal structure of a discipline is also frequently lacking
in this approach (Krumhout and Good 1983).

An STS approach that exposes students to the social aspects of
science has a large following outside the United States and has found wide
acceptance and support from members of the philosophy, sociology, and
history of science and technology communities (Biological Sciences
Curriculum Study and Social Science Education Consortium 1992, Hills
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1992, Solomon 1993). The focus of materials developed under this rubric
is on fostering student understandings of the nature and culture of science
and technology. While the approach has much to commend it, tracing the
history of the growth of scientific thought or an emphasis on the
sociology of science and technology may prove more interesting to the
specialist than to the student. There is also the problem that most
science and technology teachers have no formal background in the history,
sociology, or philosophy of science or technology (but see Duschl 1990).

These two main approaches are not necessarily antithetical as a
number of actual materials demonstrate (Cheek 1992c, 1992d, 1993b,
1993c, Aikenhead 1993). Either approach requires additional inservice
training for classroom teachers in appropriate instructional techniques
and content knowledge related to STS studies (Rubba 1991).

New challenges also must be faced in the area of assessment of
programs and evaluation of individual student learning. Fortunately, many
techniques have already been applied in STS education within and outside
the United States so that useful models exist for school districts (Cheek
1992b). An increasing number of formal assessment instruments are
being developed to aid the classroom teacher (e.g., Cheek 1992a,
Crelinsten, deBoerr, and Aikenhead 1992).

Contemporary K-12 STS Education Materials

A wide range of STS materials for K-12 classrooms has appeared in
recent years, too voluminous to mention here (Cheek 1989, 1992a). More
recent products which have appeared include STS materials for
elementary schools (Zaner-Bloser, Inc. 1990, Biological Sciences
Curriculum Study 1992), middle schools and junior highs (Biological
Sciences Curriculum Study 1993; Cheek 1992c, 1992d, 1993b, 1993c;
McFadden and Yager 1993; Eannance 1990), and high schools (Christensen
1991, Solomon 1992, Aikenhead 1993, Globe Book Company 1993, U.S.
Department of Energy 1992). The National Science Foundation (NSF) and
the U.S. Environmental Protection Agency have funded a number of recent
projects which are developing STS materials to add to this growing
collection. NSF is also funding an increasing number of teacher
enhancement activities which purport to prepare teachers for STS
education efforts.
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Challenges Facing K-12 STS Education

Statewide systemic change (SSI) initiatives funded by NSF and
statewide curriculum frameworks projects increasingly mention STS
education as one of several major educational goals for all students
(Cheek 19€9, 1992a). Preliminary indications from the work of
committees within the national science standards project coordinated by
the National Research Councii portend that STS content understandings

will figure in the final set of curriculum, assessment, and teacher
preparation standards.

There is a growing awareness on the part of educational policy
makers that there is a basic level of scientific and technological literacy
that should be possessed by all graduating seniors. The annual
technological literacy conferences sponsored by the National Association
for Science, Technology and Society in collaborations with other
professional associations, have given national visibility to the K-12 STS
education movement (e.g., Cheek 1993a).

Despite the obvious need for attention to STS education in K-12
schools, there are stil! a significant number of barriers which have to be
surmounted if STS education is to be more than a passing educational fad.
Foremost among them is the capacity of classroom teachers to engage
students in STS issue investigation and the development of informed plans
for personal action (e.g., Rubba 1991). Sustained STS education within the
classroom setting requires a teacher orientation to instruction where
active student framing of issues to be explored is encouraged. Exploration
of issues and information that lie outside the traditional subject matter
purview of science, technology, the humanities, or the social studies
(depending upon which class is the venue for STS education) has to be
permitted.” This wide-ranging, interdisciplinary approach to learning
raises significant questions about teacher evaluation of student learning
since the teacher is often called upon to make judgments about subject
matter understandings of students for which the teacher may lack
relevant knowledge (Cheek 1992b).

A movement away from a textbook toward more active forms of
student learning is required if STS education is to succeed in the
classroom. Time and opportunities must be provided for students to
construct knowledge and meaning for themselves about relevant

200




195

scientific, technological, social, and ethical aspects of STS issues (Cheek
1992a, Driver 1994). The "less is more" aphorism must prevail within K-
12 classrooms if we are serious about student construction of knowledge.
There is an emerging body of evidence that when teachers adopt such an
approach to STS, the learning curve of students increases dramatically
(Rubba 1991, Cheek 1992a, Hungerford, Volk, and Ramsey 1989).

Another major barrier has been the form of teacher preparation
employed in the United States and the certification process of state
departments of education. Most programs and state certification
requirements mandate the preparation of subject matter specialists
rather than the creation of subject matter generalists. STS education, by
its very nature, is interdisciplinary. Many science teachers, however,
have never been exposed to coursework in technology, philosophy,
economics, and sociology. (Compounding the problem in many states,
science teacners are even further specialized by separate rertification
programs to teach a particularly science subject such as biology,
chemistry or physics along with “general" science.) A social studies
teacher feels uncomfortable in the realms of science and technology and
the technolougy teacher possesses an inadequate knowledge base in the

realms of philosophy, economics, sociology, and even sometimes in the
sciences. '

Middie schools, as advocated by the National Middle School
Association, have adopted a team approach to classroom instruction
(National Middie School Association 1992). This approach enables
teachers from various disciplines to meet together regularly and for
substantive periods of time to plan instruction with an assigned group of
students. The schedule and assignment of teachers can be arranged to
suite the instructional needs. Such an approach holds great promise for
STS education and is being advanced by materials produced explicitly for
middie schools (e.g., Cheek 1993b, 1993c). However, the greater challenge
will be how to foster interdisciplinary teaching within junior highs and
high schools where compartmentalized approaches to instruction
predominate. This significant barrier is the primary reason why the
maiority of high school STS instruction takes piace within the classroom
of isolated STS teacher-advocates rather than being widely
institutionalized across an entire school district. The situation is not
dissimilar to the problems that STS programs have faced in finding a
permanent "disciplinary" home within colleges and universities (Cheek
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1992a).

Conclusion

STS education must compete in the K-12 arena with a wide variety
of other agendas for educational reform. The degree to which the
movement can address the fundamental chalienges of adequate teacher
preparation in STS studies, a constructivist approach to STS education,
and teacher certification and scheduling barriers to interdisciplinary
teaching and learning, will determine the success of the movement.
Grassroots educational reform movements never outlast their proponents
unless structural changes occur with the K-12 educational system which
institutionalize those reforms. The movement as a whole must engage
itself more effectively in educational policy discussions to the point
where technoiogical literacy in its broadest sense, is seen as essential
education for all teachers and students in contemporary society.
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STS AS AN ORGANIZING PRINCIPLE IN
ELEMENTARY TEACHER PREPARATION:
UNIFIED STUDIES

Dr. Prent Klag & Dr. Donald Daugs
Utah State University
Logan, Utah 84322-6700
801-797-3086

Pre-service teachers need an action-based, interactive, integrated, and
meaningful approach to teacher training that provides them with the knowledge,
skills, and strategies they will need to work and be successful in America's changing
schools. This apprcach should emphasize "connections” in education through the
integration of teaching and learning skills, the implementation of key educational
principles, and the development of STS - centered idcas.

Over the past several years, Utah State University has taken numerous steps to
make STS a key principle in its Elementary Teacher Preparation Program. This has
included the restructuring of teacher education "core" subjects vrith a
"multi-college" approach, modifications to methods courses and practicum
experiences, and the establishment of a "Unified Studies - STS" framework. Utah
State's "Unified Studies" approach has its roots embedded in ideas and
philosophies common to Science / Technology / Society , Holistic Education, and
Integrated / Transdisciplinary Education. This paper =vill review the basic structure
of "Unified Studies" as an STS organizing principle for teacher preparation.

Unified Studies and Holistic Education

As Unified Studies was being develope:d at Utah State University, the ideas
about its framework and organization came from current literature, innovative
programs found around the world, and our intuitive feelings about how teacher
education should be. Since its initial beginnings, we have found that Unified
Stv .es has many connections with the holistic education movement.

Miller (1988) defines holistic education as the following:

"The focus of holistic education is on relationships - the relationship between
linear thinking and intuition, the relationship between mind and body, the
relationships between various domains of knowledge, the relationship between the
individual and the community, and the relationship between self and Self. In the
holistic curriculum, the student examines these relationships so that he/she gains
both an awareness of them and the skills necessary to transform the relationships
where it is appropriate." (Miller, 1986: 3)
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The "real world" of teaching requires a self-motivated, self-directed teacher
who is capable of inquiry, analysis, synthesis, evaluation, resourcefulness,
intuition, and creativity. This is what is hoped for in educating all pre-service
teachers. Holistic education and Unified Studies are ways to help pre-service
teachers deal with several topics, skills and concepts and transfer learning in more
meaningful ways.

In Miller's book , The Holistic Curriculum (1988) he notes that holism is based
on the perennial philosophy which states that all things are part of an invisible
unity or whole. Its basic principles are as follows:

1. There is an interconnectedness of reality and a fundamental unity in

the universe.

2. There is an intimate connection between the individual's inner or

higher self, and this unity.

3. In order to see this unity we need to cultivate intuition through

contemplation and pondering.

4. Value is derived from seeing and realizing the interconnectedness of

reality.

5. The realization of this unity among human beings leads to social

activity designed to help others.

Interwoven within holistic education is the idea of cultivating one's intuition
and individual insight to enhance learning and education. Intuition has been
referred to as that : "still small voice within" that prods one into action. Through
Unified Studies it is hoped that pre-service teachers can learn how to culture their
own personal intuitions and make the connections necessary in education and life
to make learning meaningful.

In holistic education there is the belief that the teacher has an integral part in
making connections for students, not only in subjects, but in life. Steiner (1976)
who developed the first Waldorf School, told his teachers before his school opened
the following:

The teacher must be a person of initiative in everything they do, great and
small.

The teacher should be one who is interested in being of the whole world
and of humanity.

The teacher must be one who never makes a compromise in their heart
and mind with what is untrue.

The teacher must never get stale or go sour.

I do not want to make you into teaching machines but into free
independent teachers (Steiner,1976: 199-201).

The holistic approach also states that in order to facilitate learning, student

dialogue must be promoted through six conditions. Freire (1956) lists those as
being;:

1. Love - dialogue cannot exist in the absence of love for the world and
human beings.
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2.  Humility - dialogue cannot exist without humility. Dialogue as the
encounter of human beings addressed to the common task of learning
and acting is broken if parties lack humility.

3. Faith - dialogue requires an intense faith in people, faith in the power
to make and remake, to create and recreate, faith in their vocation to
be more human.

4. Trust - founding itself on love, humility and faith, dialogue becomes a
horizontal relationship of which mutual trust between the dialoguers
is the logical consequence.

5. Hope - as people seek to be more fully human, dialogue cannot be
carried out in a climate of hopelessness.

6. Critical thinking - finally, true dialogue cannot exist unless the
dialoguers engage in critical thinking.

In support of the holistic philosophy, we believe that the ideal teacher training
“setting should be a cross between Harvard and Disneyland, an atmosphere that
provides for educational excellence and rigor yet is viewed as being "the happiest
place on earthi” We believe that the precepts of Invitational Education (Purkey,
1984) establish the base from which such a climate and positive learning
atmosphere can develop.

Unified Studies seeks to exemplify the four key principles of Invitational
Education which are:

1. People are able, valuable, and responsible, and should be treated
accordingly.

2. Teaching should be a cooperative activity.

3. People possess relatively untapped potential in all areas of human
development.

4. This potential can best be realized by places, policies, and programs
that are specifically designed to invite development, and by people
who are personally and professionally inviting to themselves and
others.

Holistic approaches to education are essential both philosophically and
practically in terms of "Unifying" the teacher education process.

The Science/Technology/Society Connection

From all the reform and restructuring movements over the past decade, the
one that has had the most profound impact in terms of the development of USU's
Unified Studies Model has been the Science/Technology/Society movement.

While the information age continues to descend upon us, we are also faced
with issues that affect our lives, both positively and negatively, and all those who
live within our society and world. Issues such as:

¢  The effect of technology on society as a whole.
¢  The effect of new advances in science on human health and life.
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The effect of a changing world population on earth resources and the
environment.
The effects of rapid change on our lifestyles and the ways we
participate in decision making.
The effects of a changing world on human values.
The effect education has in allowing people to take appropriate
actions in relation to "real world" problems (Iozzi, 1987).

The goals of STS are many. Hurd (1986) reported several of these goals and
how they would affect education in our transitional society. He stated that the STS
movement could do much to enhance our national unity, the strength of which
depends in no small measure upon individuals' civic consciousness and the ability
to participate effectively in resolving social conflicts and in directing courses of
action. The educational advantages of an STS context in USU's teacher preparation
programs include the following:

1.

The pre-service teacher actively participates in exploring problems by
processing information, formulating options, and making personal
judgments on real-world events. Pre-service teachers may then
develop an awareness of their own purposes, beliefs and ideals, as well
as those of others.

An STS context provides a richer framework for the development of
such intellectual skills as problem solving, decision making, ethical
judgment, and knowledge synthesis.

Because STS problems are current, personal, and of the real werld,
motivation is enhanced. Pre-service teachers must consciously apply
their knowledge in planned and purposeful actions. The emphasis is
on developing a working knowledge of integrating skills, judgments,
and abilities.

Today's high technological society needs knowledgeable citizens with
a modern outlook and developed intellectual skills. More than ever
pre-service teachers need an education that equips them to handle
changing knowledge and fields of study.

The STS context is designed to make learning productive for
pre-service teachers by encouraging them to examine real phenomena
around them and to connect these happenings with personal and
"real- life" student educational experiences.

The STS context provides an authentic view of science and technology
as a functioning research agenda and its application to human affairs.
Pre-service teachers gain the understanding that all things are
connected and linked.

The STS context widens the scope of learning by providing
connections with many school subjects, including other sciences, the
social and behavioral sciences, the humanities, arts, and others. In
addition, a stronger bond between school life and the outside world
can be established.

An STS context changes the focus from isolated, meaningless topics,
towards the use of knowlecdge and skills that enable pre-service
teachers to plan and work in the future.
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Bugliarello {1991) suggests some other important advantages of STS education.
They are as rollows:

1. Technological literacy is meaningless without basic literacy. The ability
to communicate » iowledge and concepts is essential if we are to
function in our technological society.

2. The road towards technological literacy must start by simplifying and
demythologizing the teaching of science and technelogy. The attempts
of Project 2061 are aimed to do just this.

3. Technological literacy as a practical tool is meaningless without also
focusing on personal habits and attitudes. Accuracy, reliability,
punctuality, etc. are essential in enabling us to function successfully in
a complex socio-technological environment.

4. Technological literacy is above all the development and the
empowerment of a new set of ethical concerns and responsibilities.

Project 2061: Science for All Americans, a set of recommendations established
by the National Coundil on Science and Technology Education and a distinguished
group of scientists and educators appointed by the American Association for the
Advancement of Science, as critical implications for teacher education. Project 2061
is based upon the convictions that:

1. All children need and deserve a basic education in science,
mathematics, and technology that prepares them to live interesting
and productive lives.

2. Sweeping changes in the entire educational system from kindergarten
through twelfth grade will have to be made if the United States is to
become a nation of scientifically literate citizens.

3. World norms for what constitutes a basic education have changed
radically in response to the rapid growth of scientific knowledge and
technological power (AAAS, 1989).

Utah State's Teacher Education Program supports many of the key findings
reported in Project 2061 and has modified them to relate to pre-service teacher
training. They include the following areas:

What pre-service teachers learn is influenced by their existing ideas.

Marcia Linn (1986) reported there is agreement that learners actively construct
an individual world view based upon personal observation and experience and
that they respond to formal instruction in terms of this preexisting intuitive
perspective. Research has also revealed that learners construct a sense of
themselves which guides their learning behavior. This consensus about the nature
of the learner has increased our awareness of the complex nature of ed