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As we enter the "Ordinary Days" of the liturgical calen-
dar, we might reflect on something as ordinary as food.
Our food may taste different from what we remember as
a child or young adult. It may be duller, less exciting.
How much of that is due to genetic engineering or to
processing or to "old-timers" disease? We are thinking of
dedicating our October, 2001 ITEST meeting to the
question of food modification, processing, politics, etc.

We treated the Science and Politics of Food in October
1994. Because of the intense public interest in the sub-
ject, it would be good to re-engage the topic. It will be a
matter of contention for some time to come. While treat-
ing the genetic modification, processing and other topics,
we will treat the religious meaning of food as well. Thus,
we are reprinting in this issue some excerpts from the
meeting on food in 1994. These excerpts are taken from
the Proceedings of that meeting; they are illustrative of
some major points of interest contained in the topic.

It would be helpful if you could identify good speakers on the matter of food, scientifically, inter-
nationally, politically, in processing, etc. If we’ve overlooked a topic, please let us know. We are
looking at about five papers. If you can help on this by the middle of August, we would be ap-
preciative. We would like to get at least one articulate (reasonably courteous) person opposed
to genetic modification to present a paper. We look for a real conversation. If all had the same
view, it would merely be repititious. There will be opponents in the audience, I am sure.

Reading Scripture, it’s impossible to escape the notion that God takes food seriously. Manna in
the desert, the many banquets! The bread of life! One can make a case that Scripture uses food
as symbolic of our humanity. Conviviality is a virtue that takes place in the presence of food and
drink. Wine! The glad heart! "They have no wine." We might contemplate why food is symbolic
of us and how it is a part of our rallying around the Lord who has already rallied around us.
Ultimately, the reason is, of course, that we’re bodied. Let us, then, praise the Lord!
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ANNOUNCEMENTS

1. We have received congratulatory notes from many
people on both the contents and appearance of the
Proceedings of the August, 1999 Celebration. The volume
is entitled The Genome: Plant, Animal, Human. Also, we
have received several letters of appreciation for The Family
of the Future/The Future of the Family. One remark on The
Genome is printed below:

"Congratulations! Yesterday I received the new book from
the recent Conference on the Genome and could hardly
put it down. Thanks very much for all your efforts to get it
published since it is very timely." (Sr. Mary Ellen Murphy,
RSM. Sr Murphy is on extended leave from St. Joseph’s Col-
lege in Maine at NASA Goddard Space Flight Center in the
laboratory for Extraterrestrial Physics working on the Near-
Earth Asteroid Rendezvous [NEAR] Mission to the asteroid
Eros. Sister Mary Ellen is now working on a brief paper
about her work at NASA for the ITEST Bulletin.)

2. A favor: besides mentioning any possible speakers in
the food arena for our proposed meeting in October 2001!
If any of you know of any foundations (or individuals)
which support our type of work, please contact us. While
not facing any financial crisis yet, we are concerned about
the future. This no-inflation economy has been rather hard
on us. Postal rates, except for first class mail which has
risen only modestly, have risen less modestly over the years.
We used to be able to mail a set of Proceedings for 18
cents. Now it is over 70 cents. And overseas postage for
printed matter and books has risen by more than 60% over
the last two increases. That’s simply one example.

Also, if you have any personal contact with a foundation or
its board members to whom we could send a request for
funding, please let us know that information as well. It
always helps if one can refer the request to the right people
and mention how we heard of their interest. We always
need and appreciate your help.

3. The Board of Directors has instructed that membership
dues should be increased — again, to help cover rising
prices. We have decided to do so, but minimally. There-
fore, starting in October, the dues will be increased by five
dollars/year. Thus, membership dues will be $50.00/year;
$25.00 for students. Institutional rates will increase to
$125.00/year. The same discounts will apply to those who
are living on a fixed income. This increase will help to de-
fray some of our expenses. We will still subsidize our
meetings as we have in the past. The subsidy for almost all
our meetings is of the order of $5,000.00+. There is some
question of how long we can continue this subsidy, but it
will be operative at least through the October 2001 meet-
ing. We hope we can continue this subsidy into the future
and with an increased funding base we will be able to do it.

4. Mark your calendars for the October 20-22, 2000
workshop. We will examine the theological (mainly system-

atic and doctrinal) issues emerging from biological advance.
ESSAYISTS: Father Earl Muller, SJ (he replaces Msgr.
Paul Langsfeld, Professor of Theology at Mount St. Mary’s
Seminary, Emmitsburg, MD. Monsignor has been forced to
drop his participation to be with his mother who has been
diagnosed with cancer. Fr. Muller teaches systematic
theology at Sacred Heart Seminary, Detroit, Michigan); Fr.
Donald J. Keefe, SJ, Professor of Systematic Theology at
St. Joseph’s Seminary, Dunwoodie, Yonkers, New York;
Dr. Michael Hoy, Dean, Lutheran School of Theology in
St. Louis and Dr. Carolyn Schneider, Professor at Texas
Lutheran University; Jitse Van Der Meer from Ancaster
College in Ottawa, Canada.

This workshop will follow the usual ITEST weekend for-
mat: Friday Evening to Sunday Noon — at a new location,
for us: Mercy Center, 2039 North Geyer Road, St. Louis,
Missouri 63131. Situated in West St. Louis County, the 70-
acre campus is located within 30 minutes of downtown St.
Louis and Lambert International Airport. Owned and
operated by the Sisters of Mercy, Mercy Center Confer-
ence/Retreat ministry provides comfortable space for
conference and retreat activities. The grounds are beauti-
fully landscaped and suitable for various activities: reflec-
tion, prayer, walking, and so on. We pray for good weather
for this October weekend.

5. Once again, we issue an invitation for papers for the
ITEST Bulletin. We have issued this invitation for several
years. If you have some thoughts that you think would
clarify or advance faith/science dialogue, please send them
on. The paper can be of the length you need to express
yourself — up to a point. It should not exceed 3500 words.

6. Alternate methods of payment of dues:

a. Western Union - Overseas members may pay via
Western Union. Although retrieving the payment is an in-
convenience for us, we would accept this method of pay-
ment.

b. Check - Many overseas members use this method
of payment. However, the check must be drawn on an
American bank and must include the "routing numbers" on
the check. If the bank neglects to use the réuting numbers,
our bank cannot process the check. Our bank then, either,
1) returns the check to us, or 2) sends it to a designated
bank for collection thus charging us a 60% fee. There is no
problem with checks or money orders from members within
the continental US.

7. This may seem like a pessimistic set of announcements.
It is not. It is merely to point out potential (not yet real)
financial problems. With your help they will remain poten-
tial. ITEST does not belong to "us"; it is "yours." Now, let
us dedicate ourselves to the furtherance of this work in the
name of the Lord Jesus. To Him be glory forever!



Computing and Convergence: Bigger, Faster, Better?

John M. Ashby, Director of Instructional Media, Saint Louis University
Presented 3/11/2000 for the ITEST Workshop on Computers and Virtual Reality

The use of tools to address personal needs, one of the
identifying characteristics of our humanness, underlies the

development of most technological invention throughout
the history of industrial societies. Whether fabricating tools
for agriculture, creating weapons for hunting, or develop-
ing more complex mechanisms to address the aggregate
needs of social groups, mankind has tended to consider
new technologies as tools to address identifiable needs.
Many of today’s technology consumables, however, have
come to be marketed on the basis of "creating needs" in
the perceptions of consumers. Nowhere is this more
evident than in the marketing of computer products in
industrial nations in an endless cycle of "bigger and faster"
continuously disposable machinery upgrades, along with
the associated software upgrades that fuel further hard-
ware cycles.

In the late 1900s, following rapid advances in electronics
on the heels of multiple wars and man’s first efforts in
space, great strides were made in digital information
processing that have allowed us to look at large-scale
needs in new ways. In the early 1970s, for example, I
waited in long lines at Saint Louis University’s West Pine
Gym to register for undergraduate classes. Of course, the
freshmen registered last, so I vividly recall feverishly filling
out forms, all the while dreading the collective moan that
would arise from the registration floor when a coveted
class was closed on the huge "tally board." But what gave
me hope was reaching the front of a departmental line to
get a precious "computer punch card" for each class I
needed, assuring that I had the keys to the kingdom in my
hands! Needless to say, from those humble beginnings
SLU has moved through online advising to fully Web--
based registration for students, and I don’t think anyone
misses the "old way" we did things.

Computers have undeniably and in many ways changed the
way we process information, but our society has almost
lost its sense of perspective about computing as another
technological tool. TECHNOLOGY = COMPUTERS is an
unspoken but accepted equation today in much of our
institutional technology-planning consciousness, as if the
challenge of supplying and supporting the machines we use
every day has become self-evident and somehow unrelated
to our actual needs as humans. I contend that it is
critically important to reject such narrow and limiting
definitions, for computers are simply a visible manifesta-
tion of our current technological state as a response to
human needs. It would be foolhardy to presume that other
needs might not be better addressed by other technologies
(I don’t expect to drive to work in a PC, for example) or
that new technologies would never emerge to replace the

computer as we now know it. Further, the importance of
digital information processing is more far-reaching than
just the computer itself. Be careful of limiting definitions
for technologies, for changes will continue as surely as new
human needs will emerge.

Alvin Toffler framed the issue of technological change in
human terms that help us gain a sense of perspective on
the challenge:

It has been observed ... that if the last 50,000
years of man’s existence were divided into life-
times of approximately sixty-two years each, there
have been about 800 such lifetimes. Of these 800,
fully 650 were spent in the caves.

Only during the last seventy lifetimes has it been
possible to communicate effectively from one life-
time to another — as writing made it possible to
do. Only during the last six lifetimes did masses
of men ever see a printed word. Only in the last
two has anyone anywhere used an electric motor.
And the overwhelming majority of all the material
goods we use in daily life today have been devel-
oped within the present, the 800th, lifetime."

Toffler’s insights regarding the effect of technological
change on human social systems led him to a number of
incredibly accurate observations about the world we live in
today — but he described these in 1970! Information
overload is a problem for everyone today as junk mailers,
telemarketers, advertisers, and others push unsolicited
messages at people every day. Overchoice is the inevitable
result of feature diversification as comparable competing
products vie for our dollars. Oversimplification results from
excessive complexity in increasingly specialized technologi-
cal systems, creating an environment where technology
management decisions are made on the basis of "executive
summaries." Ironically, at the same time that information
sorting has become our most critical human skill in a
technological society, we have developed an appetite and
expectation of instant information access via fax, email,
web, cell phone, and beeper. Yet in the midst of this
stressful option-rich society, we struggle to adapt our slow
human business models from an industrial age to the scale
of demands in the information age.

Technology has always played a role in the management
of information in the industrial age, even before the
advent of computing. Information inputs (phone calls,
customer feedback, sales receipts, consulting reports)
always drove business processes that required information
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management (file cabinets, planning meetings, memos).
Decisions from management processes generate outputs
(products, reports to investors, advertising) which may in
turn create feedback to the input stream (lagging sales may
indicate a need to reduce production). While the prior
example appears businessoriented, it in fact describes a
simple linear human communication model as well. But
such nice, neat models in communication must also
consider the effect of noise at each stage of the process,
making it difficult to assure that the information remains
intelligible and unaltered from sender to receiver. It is
easy to envision the problems created by construction
noise, phone static, or illegible handwriting as obstacles to
communication/information flow. In our business example,
a lost file folder, stock market price fluctuations, supply
variations, and similar information management challenges
create an absolute imperative to have accurate, timely,
understandable, and accessible information.

Digital information management technologies emerged as
a way to deal with the noise factor in information flow.
Analog technologies used for information transmission and
storage (recordings, phomnes, video) have historically
mimicked the human experiential environment of continu-
ously variable inputs and outputs. Voice and hearing, for
example, work on the basis of the creation and perception
of air pressure waves that vary continuously in pitch,
intensity, and envelope. While air transmits such sounds
naturally for limited distances, the analog telephone
enabled man to communicate over long distance by
transducing these waves into comparable variations in
electron flow over an electrical wire. But just as noise
disrupts information flow in the air, electrical noise can
reduce the integrity of analog telephone signals (hum,
lightning, static). With digital transmission, by comparison,
a signal is either received or not, but it is not received in
degraded form!

The mechanism by which digital information integrity in
maintained is quite simple: only two possible signals are
sent/stored/received, and if noise interferes they can be
retransmitted. Digital signals are characterized in various
ways-as I or 0, as on or off, as high or low voltages, as
present or absent signals — but always as a pure binary
condition with no "shades of gray." Thus the information
received is exactly the information that is sent or stored;
it’s possible that transmission could be blocked but what
comes through is accurate. By the same token, in order to
receive a perceived higher quality signal at the destination,
more information must be "digitized" at the point of
origination. The human interface to digital information
systems still remains consistent with our analog perceptual
systems, but the ambiguity and degradation inherent in
analog processing, storage, and transmission is eliminated.
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Convergence is the inevitable result of the human need to
input and output information by analog means, but to be
assured of accuracy in intermediate information process-
ing. I offer this as a definition of convergence: the migra-
tion of traditionally analog information technologies to digital
processing, manipulation, storage, and transport. In some
cases this convergence is strikingly evident to us, as in the
replacement of records with CDs some years ago. Many
convergent trends go unnoticed, however, as has been the
case as telephone companies upgrade many central office
"voice processing" components to digital.

Several ideas from communication theorist Marshall
McLuhan are worth considering in trying to grasp the
impact of convergent technologies as they emerge from
the "computing soup" that generates them. First and most
important, media are "extensions of man"; they help us to
reach farther across boundaries of space and time to
communicate more effectively, but do not themselves
replace people. Second, new media do not necessarily
replace old media, but rather they change them; so even
as television changed radio and cable news changed
television news, the Internet is changing the role of
television in our information consumption mix. Third, the
medium is the message; that is to say, the physical charac-
teristics of a medium can be as important as the messages
they carry, influencing our social patterns and values in
ways that can be pervasive but difficult to articulate
consciously.

The Computing Technology Environment

Rapid developmentsin digital technologies can be general-
ly categorized in four major areas: processing, memory,
storage, and transport. All of these areas are certainly well
represented by comparing a typical microcomputer of 1980
with a similar contemporary one.

The same development categories that have improved the
computer itself also extend to the devices that are used as
inputs and outputs to the machine. For example, the
TRS-80 offered keyboard input period! Other devices such

as light pens and joysticks were offered in later models.
Today’s PC will also have a mouse, microphone and

speakers, audio in/out, CD playback, and may have a scan-
ner or digital video camera as an accessory as well as
dozens of options.

Processors are the devices that contain transistorized
"instructions" that govern data manipulationin a computer.
Processor speeds have doubled approximately every 18
months from the earliest IBM PC at 4.77MHz to Intel’s
recently announced Pentium III offering at 1GHz
(1,000MHz). With support from newer operating systems
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A Typical Microcomputer
1980 vs. 2000

TRS-80 Model 1 (TRS-DOS)

PC/Windows

Zilog 7Z-80 < 4MHz

Intel Pentium IIT 700Mhz

Block B&W graphics

Photographic resolution

16KB memory

64MB memory

90KB single-sided floppy drive

15GB hard drive

300 baud modem

56K-100Mbps Internet connection

Line printer, one font

Laser printer, photos, fonts

today’s computers can also share the load among multiple
processors, scaling up to 8-way SMP (symmetrical multi-
processing) and beyond. Yet the external speeds by which
these chips communicate with the motherboard has not
kept pace, increasing to only 100MHz in that same time
period.

Processors have also gotten "bigger" in more than just
physical size. Today’s Pentium processors exceed 7.5
million transistors, as compared to the 29,000 offered in
the original 8088 chip of the IBM PC. And they can read
or write up to 64 parallel bits of information (1s and 0s)
at one time with their expanded bus width, as compared
to the 8-bit bus of the 1980 Intel offering.

Memory chips actually store the volatile data that proces-
sors will work with while the machine is operating. Mem-
ory speeds have not kept pace with the processor, which
is one of the primary reasons for the 100MHz limit on ex-
ternal processor speeds. Yet with the introduction of 64-bit
widths, interleaving, cache memory, new memory types,
and techniques that eliminate processor "wait states,"
improvements in memory speed have continued.

Memory size has, of course, continued its astonishing
growth. Not only is it common to find 128MB of memory
in a new Windows2000 PC, but the maximum addressable
memory for the PC architecture has grown from 1MB in
1980 to 64GB in a modern Pentium III machine.

Storage devices include hard drives, floppies, and other
media that contain data in nonvolatile forms whether the
computer is operating or not. Removable media have evol-
ved from the first 90KB 5-1/4" mini-floppies to 250MB Zip
drives and beyond. Early hard drives with their I0OMB (on
the original IBM XT) have evolved to today’s standard
drives of 15GB and higher. And CD, DVD, tape drives,
and numerous other options offer solutions that target
distribution, near-line storage, and backup.

Storage devices have also seen great gains in speed. Even
removable floppies, currently a 3-1/2" format, have seen
increased magnetic density and two-sided recording result
in performance increases. Hard drive transfer rates have
made dramatic gains, with the early 1IMB per second peak
speeds now eclipsed by 80MBps high-performance SCSI
units. And new interface standards such as ATA/66 and
Ultra SCS13 LVD have brought additional performance to
computer users as newer machines make extensive use of
hard drives as "virtual memory."

The transport of data between machines once meant pri-
marily the exchange of data by asynchronous means such
as tapes or diskette exchange (“sneakernet"). But the
synchronous transport of data has progressed quickly in
many forms. Modems, which in 1980 connected to the
CompuServe Information Service at 300 baud, are now
common for Internet connections at 56Kbps and beyond
with DSL, cable, and satellite modem options. And most
businesses and institutions of higher education today use
Ethernet as a standard method of sharing files, data, and
printing devices. Ethernet was originally a 10Mbps cable
transport, but today 100Mbps is common and Gigabit
Ethernet is becoming available.

The "pipes" that carry data between campuses, cities, and
other places are also becoming bigger and faster, due
largely to the popularity of the Internet. While the tele-
phone companies were the original suppliers of bandwidth
for wide-area communication, today’s computing environ-
ment includes a variety of data transport media via fiber,
satellite, and dedicated high-speed backbones that compete
for data service markets.

The Convergent Environment
Assuming that computers and the Internet had earlier

reached the "critical mass" that has generated the rapid
adoption of new computing technologies across our
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society, the maturation of a market at this stage quite
naturally will evolve toward diversification of applications
and features as competition for a large, but more fixed-
size, customer base becomes intense. This diversification,
which caters to individual tastes and to more specialized
market segments at the expense of core innovation, marks
the maturation of any major technology trend.

This is not to say that mature technologies do not change.
However, maturation brings with it a desire for "compati-
bility," "interoperability," "standardization," or a "migration
path” that reassures users of the value of their purchase as
a precondition of sale. Sometimes such standards are
created by regulation for the "public good" as in radio,
television, and telephony. Yet at other times standards
result from a mixture of competition and negotiation, as
in recent standards that have emerged for Internet brow-
ser software (file formats, applets, plug-ins). The road to
standardization is not always smooth (remember Beta-
max?), but proprietary deviations from established stan-
dards are often resisted by consumers in favor of the "sure
thing." Thus mature technologies are marked by pressure
from current users to avoid any changes that risk the
integrity of existing standards.

Computers themselves, especially desktop microcomputers,
exhibit the characteristics of mature technology levels, but
the broader digital convergence market is still approaching
critical mass. As new input devices, output devices, and
service-level applications for traditional computing func-
tions emerge, they often take on a life of their own that
goes beyond the computing infrastructure from which they
emerged. Convergence technologies suggest new paradigms
that at first will compete with, and then change the media
that spawned them. Video games did this to computers,
the Internet did this to mail-order catalogs, and fax did
this to printed product literature. Can the U.S. Postal
Service avoid changing in response to email?

The convergence of digital technologies on traditional
media applications has already created a number of new
equipment applications. Photography now requires no
darkroom, with digital cameras and ink printers moving as
quickly as"the PCs that make the digital darkroom viable.
Digital/High-Definition Television is now being broadcast
in most major cities in the U.S., with full conversion and
the end of today’s analog television by 2006 mandated by
the FCC. DVD (Digital Video Disc) and the "Tivo" hard-
disk video recorder provide such high quality and versatil-
ity to video playback that VHS is really showing its age.
Digital flat-panel Plasma televisions and LCD projection
displays offer picture quality that today’s television systems
can’t match. And new wireless technologies, "smart" appli-
ances, and web-connected phones are all searching for the
buyers who will define "the next big trend."
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Convergence addition is the "new math" of businesses who
are speculating on how content can be leveraged with
technological delivery systems. Recently America Online
merged with Time Warner, mixing cable television and In-
ternet services in what both hope will be a profitable new
synergy. Similarly, AT&T bought out TCI Cablevision,
Microsoft and NBC have marketed strategic products as
MSNBC, and Sony has become a market force in the
movie industry, video gaming, and consumer video equip-
ment.

They and others envision a significant expansion of "ser-
vices on demand" made possible by convergent delivery
systems such as "video-on-demand." Already the potential
of such services has become evident, with explosive sales
from Internet shopping, archived technical specs and
drivers on demand from most hardware vendors, online fi-
nancial services emerging from most major banks, online
applications and forms for anything from student financial
aid to taxes, and endless variations on "name your own
price" and electronic auctioneering,.

Convergent technologies are also creating opportunities to
overcome differences in "time and space." Asynchronous
(out of real time) applications such as email allow not
only messaging but the transport of formatted data files as
attachments for collaborative projects. Web-based collabo-
rative tools such as WebCT or Hotoffice similarly reduce
the need for physical meetings. And new synchronous
tools such as AOL Instant Messenger have created a "vir-
tual community" of young people around the country who
chat with each other before their parents even know what
"instant messaging" is! Videoconferencing tools such as
NetMeeting have also grown in popularity since the adop-
tion of the H.323 communication standard two years ago.
Internet phones could one day threaten even Ma Bell.

It is difficult to project the breadth of new media that
could emerge from the "digital soup" of possibilities, or
even which ones will ultimately be successful. But applying
principles of long-term thinking to our institutional plan-
ning efforts will help in gaining good value from conver-
gent products and services in a period of rapid diversifica-
tion and change. Here are some suggestions:

® Centralize those technology functions that offer econ-
omies of scale and foundation support services, while en-
couraging diversity in end-user applications of technology
services.

@ [Establish and fund minimum core institutional stan-
dards in core technical areas to foster interoperability.

e Reduce structural "reinvention of knowledge" by clear
communication of standards and processes.
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® Develop and leverage information sharing with and
among users, our intellectual assets.

® Don’t think "computers"... think "information."
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RESPONSE TO PAPER BY DR. RUDY BRUNS

Lucien Morren

Lucien Morren is Emeritus Professor of Engineering at Catholic University of Louvain-la-Neuve, Belgium and a very
long-time, faithful member of ITEST. He has long been interested in the relation of faith and science and is past-
president of SIQS of Pax Romana. His address is Avenue du Grand Cortil, 15A; B-1348 Louvain-la-Neuve, Belgium.

I just read in the ITEST Bulletin Vol. 31, no. 2, Spring
2000 the very interesting article of Dr. Rudolf Brun on
"Genes, Evolution and the Word of God in Creation." I
found many excellent positions and expressions in this
paper but in the 3rd and last part "Towards updating the
Christian Theology of Nature" I think that the systematic
rejection of God’s action requires some comments in the
case of humankind. My considerations:

1. In Genesis 1.26 one reads: "And God said, Let us make
man, wearing our own image and likeness." This goes
surely beyond the capacities of nature, it can only be a
direct gift of God. But the artice remains silent over this
peculiarity which refers to humans alone. One is then led
to see here a definite action of God, fulfilling the evolu-
tion.

2. According to a traditional Christian (at least Catholic)
doctrine, God creates directly the "soul" of humans. For
reasons that I have developed elsewhere (See my paper "A
scientific bipolar Anthropology" in the volume Studies in
Science and Theology, 1994, 2 Origins, Time and Com-
plexity, Labor et Fides, Geneva, Switzerland. [The second
part of the Proceedings of the ESSAT Conference held
near Castel Gandolfo (Rome) in 1992.]) I prefer to

replace the soul by ‘the spirit, since animals are already
endowed with a soul, which is quite natural. But, anyway,

soul or spirit, there is again an intervention of God in our
created world.

3. For the Judeo-Christian tradition, interventions of God
are a necessity for the communication of a Revelation to
humans.

4. The preceding items are in harmony with the traditional
view of a goal-oriented creation of beings called to share,
by love, the divine life. And these beings are precisely
humans (at least on our earth).

If there are therefore interventions of God, they should
not be systematically rejected as we have already to accept
such divine interventions within our history. Christianity is
fundamentally an historic religion, based on actions of
God culminating in the Incarnation of Jesus Christ.

Surely, the actions of God are restricted to events of
paramount importance and that is the case for man. The
gift of the spirit means a complete transformation on the
psychic and cultural levels, a transformation that the small
difference between the genomes (1 to 2%) of humans and
chimpanzees seems incapable to explain. With this gift, the
well-known "step of reflection" of Teilhard de Chardin has
been passed; and contrary to the step of life, one may
think that it is not a purely natural phenomenon.

[The following excerpts are taken from the ITEST October 1994 Proceedings on The Science and Poliitics of Food.
They are scientifically a bit out of date, but the sweep of the argument has still to be seriously taken into account both
by "environmentalists" and by "industry." The first excerpt includes remarks by Drs. Robert Collier and Brendan Niemira.
At the time Dr. Collier was with Monsanto and Brendan Niemira was pursuing his doctorate in plant pathology at
Michigan State University. Currently, Dr. Collier is teaching at the University of Arizona and Dr. Niemira is with United

States Department of Agriculture. ]
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R. COLLIER Last week I was on a panel speaking to a
county public health organization in Wisconsin about bio-
technology in general and bovine somatotropin in particu-
lar. One of the speakers had an overlay I wish I could use
tonight. It showed Moses coming down from Mount Sinai
with the tablets. He was explaining the Ten Command-
ments to the Israelites. Someone in the crowd asked: "Is
there anything about technology in there?"

It isn’t easy to find comments about biology and biotech-
nology in the Old or New Testaments. I did find a section
in the Book of Wisdom which the author might have used
to discuss biotechnology, had it been an issue in Old Test-
ament times. It mentions the miracles God worked for the
Israelites so that they would survive their 40 year journey
to the promised land. The author (starting in Chapter
19:6) wrote: "All creation in its several kinds was being
made over anew." In other words, creation was being
made new for the survival of the Israelites. "Serving its
natural laws that your children might be preserved un-
harmed." "Serving its natural laws" is important; biotech-
nology does observe the natural laws of biology.

Verse 18 reads: "Where the elements in variable harmony
among themselves, like strings of the harp, produce new
melodies while the flow of music steadily persists." This, it
seems to me, is an allegory of life. Life constantly changes,
though it has been evolving over time; the melody plays
on even as the harmony is changing. We can perceive this
change from verse 19: "land creatures were changed into
water creatures and those that swam went onto the land."
Wisdom continues: "where every way, O Lord, You magni-
fied and glorified Your people. Unfailing You stood by
them in every time and circumstance."

When we look at the need to feed the world population
during the next 50 years, when we understand that we
have virtually maximized our ability to mechanize the use
of fertilizers and our traditional breeding techniques, then
we realize that, without tools like biotechnology, we will
be severely hampered. We’ll be caught in a terrible choice
of using draconian measures to control the reproduction
of people living on earth (to flatten population growth) or
of enacting fairly tough environmental measures. We are
already debating this in our society. We are considering
the proper role of society in controlling reproduction and
in stabilizing the world environment as it exists today. Can
we freeze the environment as it exists? Or should we not
realize that the environment has been changing continu-
ously over time as the world has evolved? Should we even
attempt to stabilize our environment?

It’s not my purpose to discuss agricultural policy or how
that’s related to biotechnology. If you are interested in
reading about this, I would recommend Sacred Cows and
Hot Potatoes: Agrarian Myths and Agricultural Policies. It
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discusses how agrarian myths in our culture get us into
trouble when we are setting agricultural policy. These
myths also trap farmers into situations where they cannot
maximize their ability to make income. This is another
burden for a sector of our society that’s largely forgotten
simply because it has been so successful in providing us
with inexpensive food. On the average, Americans pay
about 9 cents of their dollar for food; in Europe it’s
around 20 cents; in Africa it is approximately 75 cents of
each dollar. So, we’re blessed with our agricultural system.
Unfortunately, however, most of us, or at least many of
us, no longer remember how that food is produced. Con-
sequently, many of us are easily frightened by scare tactics.
A classic example of such tactics was the Alar scare.
Nonetheless, in a society that doesn’t understand how its
food is produced, people are easily frightened when some-
one says that our food is changed and we have no control
over it.

Most of my paper deals with the techniques that will be
available in the animal science area for improving produc-
tivity of domestic animals. Biotechnology is involved in
several places, first in the form of new metabolic enhan-
cers that allow us to improve the efficiency of food pro-
duction. I emphasized that most agricultural animal sci-
ence research has been oriented towards reducing the in-
puts required to produce a given pound of meat or fiber.
I want to re-emphasize this because farmers in general
cannot control the prices they receive at the marketplace.
Prices fluctuate wildly, depending on the world economy.
Farmers have little control over their input costs which
have risen dramatically over the last 50 years. Yet, the
price farmers get for their produce has hardly risen. In
fact, milk sells today for about the same relative price that
it did in 1950. When farmers face a financial squeeze like
that, the only thing they can try to control is the cost of
production. When it comes to raising animals, the greatest
single cost is for food. Therefore, improving the efficiency
of the domestic animal improves a farmer’s ability to com-
pete. Let me give a clear example.

In the dairy industry in the United States today, it takes
about 16,000 pounds of milk per cow per year to break
even. That’s quite close to the national average. Thus,
whether a farmer stays in business or not depends on the
number of animals the farmer has or on the efficiency
with which these animals produce milk. A farmer with an
average production of 14,000 pounds per cow per year
needs 130 cows to make $25,000, after paying all expenses.
If the cows are producing 18,000 pounds of milk per cow,
the farmer needs only 75 cows. If the cows are producing
20,000 pounds of milk, the farmer needs only 25 cows to
make $25,000 after expenses. An odd thing: who produces
the most milk? The farmer with the 130 cows at 14,000
pounds of milk produces the most milk; he (she) needs
those extra cows to buy the feed to make the milk so he
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(she) can try to make $25,000.

Wisconsin is a clear example of the dairy industry under
restructuring right now. The average milk production per
cow in Wisconsin is 14,000 pounds of milk per year. The
average herd size is 55 cows. So one can see at a glance
that with 55 low production cows, a farmer cannot service
debt and his children cannot buy the farm. The best op-
portunity that a small dairy producer in the U.S. has is
finding ways to improve the milk production per cow in a
safe and effective way. That is the basis for genetic
selection; it’s the basis for milking three times a day
instead of twice a day; it’s the basis for improved nutri-
tional management of dairy cows by what we call total ex-
traction. Virtually every method that can be employed at
the farm to improve the milk production per cow is em-
ployed in order to maximize profits.

Biotechnology is focused in the area of reproduction. I
reviewed this in my paper on several levels. Take repro-
ductive control. Early on in the animal sciences, it was
realized that it was important to control reproduction. The
first breakthrough was artificial insemination which al-
lowed the genetics of a single bull to be spread over an
entire industry. Today, top artificial insemination bulls can
have from 50,000 to 100,000 daughters, not just in the
U.S. but across the world. However, on the female side,
the average female has only two or three daughters. It’s a
50/50 proposition. If a cow has a total of six offspring,
half, on average, would be females. By the time one de-
cides whether those offspring are of any value and gets
production records from those three females, there will
not be many of their daughters to work with.

The next step was to try to find some way to multiply the
genetics legacy of females. That step involved superovula-
tion. First, we multiply the number of eggs that can be ob-
tained from a single female. Ways were developed to split
embryos to provide identical copies of the same embryo.
The earliest method was physically splitting a two-cell em-
bryo to produce identical twins. This is essentially how
identical twins occur naturally. At the two-cell level they
sometimes split, producing not fraternal but identical
twins. This is a limited process because we can do this
only a few times and get only a few offspring. We can’t do
it at the four-cell stage because the cells are no longer
totipotent. We cannot take a four-cell embryo and success-
fully split it into four different cells. Many times those
four cells do not go on to develop successfully. They’re
missing part of the genetic information required for the
early development of the embryo.

Scientists developed cloning in which the embryo was al-
lowed to develop to 64 cells. They then fragmented the
embryo into 64 individual cells and took out the nucleus,
which contains all the genetic information. Then they got
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64 eggs from slaughter house ovaries, took the nucleus out
of those eggs and put in the nucleus of the embryo they
wanted to copy. They then put that "re-nucleated" egg into
a recipient female, ending up with 64 copies of the same
original animal — with some exceptions. Even as early as
the 64-cell stage, there are some differences which can
occur, resulting in variations in these "identical copies."
The inner cell mass, the inner cells of this 64-cell embryo,
produce animals that are on average 20 percent bigger
than their clone mates. At present no one really under-
stands why this occurs.

The mitochondria are only in the egg — they’re not car-
ried by the sperm. Mitochondria have strictly maternal
DNA. A certain part of our genetic heritage comes down
only through the maternal line. This is one way we've
learned to trace back heredity through the maternal side.
Mitochondrial DNA, for example, is involved on the
human level in the search for "Eve." You've probably
heard of some of the studies in which some scientists have
tried to determine whether we can trace all females back
to one female, through maternal mitochondria. Be that as
it may, if we take the nucleus out and put it into an egg,
the mitochondria in one egg are different from those in
the next egg. So, even with cloning we cannot have iden-
tical copies.

Cloning raises many issues; but it’s being done. Cattle are
produced by cloning and these animals are used in agricul-
ture. Clearly, for someone in the business of selling em-
bryos — an amazing number of people in the livestock in-
dustry around the world market embryos — this is an at-
tractive proposition.

It will become a particularly powerful method when it is
capable of identifying a superior embryo at the one-cell
stage, if we can do it that early. Then we shall have a
method for weeding out the less desirable embryos even
before we place them into recipient females. This will wipe
out the generation interval. We won’t have to wait three
years to find out what that cow’s milk production will be.
We shall know just by taking the genetic markers that are
involved and looking for them in the early embryo. If we
had a 64-cell embryo, for example, it would just take one
cell to determine that animal’s DNA pattern, because we
have another technique in which we can multiply the ge-
netic message in one cell and look for all the different
markers.

In my paper I mentioned one example of a marker we dis-
covered at Monsanto; namely, the growth hormone gene
marker. Let me give you some idea of how rapidly this
type of work occurs around the world today. We published
those results in about 1992. The work was based on the
fact that there are four different forms of somatotropin, a
growth hormone produced by the cow’s pituitary. Two of
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those are due to a genetic mutation, a single base-pair
switch — guanine to cytosine. Using restriction enzymes to
cut the DNA, we can determine which cows have which
variant. We screened the major dairy breeds across the
U.S. and found that in the Holstein breed one variant was
favored. That variant was worth about a thousand pounds
of milk a year. Since we’ve published that paper, it’s been
verified by four or five laboratories in Japan, Germany
and in the U.S. Just this week I received a paper in which
a research group demonstrated that the cows that have
this one specific genetic marker have more growth hor-
mone concentrations; that’s why these cows have a super-
ior level of milk production. That marker — within a two
year period, remember — has already been licensed by a
firm in England to begin screening all the bull embryos
and all the cow embryos that go through their artificial
insemination embryo practice. This kind of technique will
be utilized more and more as we learn what genes control
these various traits.

Working with domestic animals is complex because a trait
like milk production is not due to a single gene. It’s due
to probably more than 100 genes. We are dealing with
what are called quantitative traits, those due to more than
one gene. This makes it more difficult. Nonetheless, re-
searchers have every intention of finding each of those
genes, of mapping the genetic markers and of using the
knowledge gained on developing embryos.

These same techniques can be used in humans. It’s the
very same biology. As with artificial insemination, the
technology is relatively rapidly transferred once the
technique is developed. I'm not going to get into the
ethics or morality of that beyond noting that it poses a
question for society.

The last things I'll mention are transgenics and biodiver-
sity. Let’s start with transgenics. Once we can excise seg-
ments of DNA, we can selectively put it into animals ei-
ther to produce proteins or to overcome disease states.
Consider a defect like cystic fibrosis — to give an example
in humans. If we can find the gene factor and the defect,
we can possibly correct it.

As 1 said, these techniques will be used two ways in do-
mestic animals. First, we can genetically engineer the
mammary glands of dairy cows to produce milk containing
human proteins. Why would we want to do that? Well, we
could produce an infant formula more like human milk,
containing the growth factors and the antimicrobial agents
present in human milk. Infant formula constitutes an ap-
proximately $4 or 5 billion industry. With that kind of
money at stake, people will be quite willing to do this. In
fact, GenFarm, a Dutch genetic engineering company, has
already produced bulls and cows that can carry human
genes for milk for infant formula production down the
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road. There is also a company in Scotland producing
sheep and goats with human factor IX for clotting and
some other peptides highly valuable to human medicine.

A second reason for putting such material in animals
instead of using E. coli, a bacterium, is that certain
proteins in humans are glycosylated, that is, they have
sugars on them that bacteria cannot put there. It can be
done only by other yeasts or an animal production process,
an animal cell. So, these proteins made in animals can
more closely resemble what the protein looks like in hu-
mans. There will be — there are already today — trans-
genic companies, transgenic biology, oriented around hu-
man health. There will also be transgenics to improve
growth rate, transgenics to add traits, improve quality.

Let me give another example. Today, dairy farmers in the
U.S. produce milk, but this is the only country in the
world where milk is legally defined by Congress. In fact,
milk, in order to be sold, has to be at least 11.5 to 12
percent solids. That means it has to have a relatively high
fat content. In order to get value for the milk a farmer
sells, it has to have about 3 percent fat. Eighty-five per-
cent of the milk that’s sold to stores is 2 percent; most
people I know drink less than 2 percent. As people get
older, they tend to drink lower fat milk. But the farmer is
paid to produce high fat milk. Of course, this gets into the
agricultural policy area, but it is feasible — and in fact it’s
what the consumer is asking for — to produce milk higher
in protein and lower in fat. We can use transgenic tech-
nology to genetically engineer cows to produce low fat,
high protein milk. That milk would be of greater value to
the dairy industry and more desirable to the consumers.
That’s another way we could use transgenic technology.

There’s very little regulation of transgenic biology at pres-
ent, except where one intends to insert something into the
human food supply or to release something into the envir-
onment. Both of these situations are heavily regulated but,
in fact, at universities there’s very little oversight. We’'ll
find regulations becoming stricter as the process of trans-
genic biology grows and develops.

Another method of inserting genes into animals uses onco-
genes — genes that cause cancer. But these genes also do
other things. The ski oncogene is the example I used in
my essay. It can be inserted into muscle to get a more
muscular animal. There’s a dairy breed in Belgium called
the Belgium Blue. It’s a double muscled animal. Although
they look pretty bizarre, they’re quite popular in Belgium.
That’s an example of a naturally produced animal. We’ve
all seen transgenes. If you’ve seen a mule, you've seen a
transgene. It’s a horse crossed with a donkey. That was
done on a very crude level before. Now it’s going to be
done with very specific ends in mind.
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The last thing I want to mention is biodiversity. We have
a lot of nearly extinct major breeds. There are 241 distinct
breeds of cattle in the world and yet in the U.S,, for ex-
ample, 95 percent of the dairy cows are Holsteins. Many
minor dairy breeds will soon be extinct if we don’t freeze
the embryos and store the genetic information for future
generations. We don’t know how that information might
be used in the future or what genes may be of value.

Because of my experience in this area, I look at genes as
treasure houses of information stored up over millennia of
evolution. We don’t know how many of these genes might
be used in the future to improve food production capabili-
ty or possibly to adapt to a change in our environment. It
may be a change that’s not man-induced, produced by
some factor we can’t control — maybe a tilt of the earth
which has a major impact on the environment. If there is
a change in the earth’s tilt — this is related to glaciation
— if the earth swings the other way, we’ll have a major
environmental change.

The ocean flounder has an "antifreeze gene" that allows it
to stay alive in cold environments. Specifically, the lipids
usually become fragile as the temperature drops; this is a
change in the degree of saturation or chain link with
which the lipid becomes more fluid, allowing the animal
or plant to stay functional in colder situations. Inserting
that into strawberries results in "frost-free" strawberries.
These were produced in California. There was a hue and
cry over biotechnology during which, if I recall correctly,
fields were destroyed by environmental activists. I doubt
that they ever marketed the frost-free strawberry.

Brendan Niemira will talk about plants. I’d just like to say
that we will see an integration of the plant and animal
biotechnologies. We will genetically engineer plants to
make them better for animals. Plants have a lot of things
in them that animals cannot use. One of them is lignin, a
component of the cell wall that not even ruminants can
break down. They can break down cellulose but not lignin.
If we can find ways to make plants more usable, if we can
develop plants that fix nitrogen better or produce more
high quality protein in their cells, then the food source
will become ‘more valuable for animals and for farmers.
The latter could get better growth rates and greater milk
production from their animals.

These things are in the future. We’re just at the dawn of
the age of biotechnology. But even now it raises many
issues because of its power and because it means we'’re
starting to control evolution in many ways, certainly the
evolution of domestic animals, maybe not so much wild
animals. We have exerted a degree of control over animals
since they’ve been domesticated, and we certainly will ex-
ert a much greater degree of control than we have in the
past.
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B. NIEMIRA A couple of things in my essay are related
to some of the things that Bob Collier mentioned — the
maximization of the productivity of some of the agricultur-
al systems that have traditionally been used. Dr. Collier’s
much more familiar with it from an animal standpoint. 'm
more familiar with it from a plant productivity standpoint.
But some of the themes are very similar: plants, as they
have existed or plants as they have been produced through
traditional breeding, can be pushed to do only so far.
Some of those limits have been reached with fertilizer ap-
plications in plant productivity and feed maximization in
animal systems.

As noted in my essay, a couple of ways are used to try to
modify this situation and to increase productivity over
what we might ordinarily see. That includes changing the
plant’s growing environment or changing the plants them-
selves. In my essay I list a number of different ways that
environments in which plants were grown have traditional-
ly been modified. These modifications are coming more in-
to vogue with a rediscovery of sustainable agriculture sys-
tems. This is a mindset focused on trying not to turn the
plant into a machine or to treat the plant as a machine.
Rather, it looks to incorporating the plant with its needs
and requirements into the environment in which it grow-
ing. I touched on intercropping, cover cropping, crop rota-
tions in my essay so I'll not repeat that here.

We're interested in modifying the plant through biotech-
nology. Biotechnology accelerates the results we would see
with traditional breeding; results are achieved in a much
shorter time. We may be able to produce a final market-
able hybrid seed in perhaps 1/1000th of the time that it
might have taken before we could apply some of the mod-
ern technological methods to the breeding.

We see some results now and will see more in the future.
More radically altered plants — transgenically altered
plants with genes from other plants, genes from fungi,
bacteria or from animals — are of greater interest and
greater concern. These things can be immensely profitable
and immensely useful; nonetheless, there is a major con-
cern with doing some of them. I'm not a Jeremy Rifkin
saying we shouldn’t do them. I strongly feel that we
should. But most surprises are bad. Surprises can be very
bad. We might have unexpected results. I don’t know what
percentage will be interesting and harmless. It takes only
one really nasty surprise to destroy the potential benefits
that we might have derived from an entire system of in-
quiry. Plants that produce 20 times as much grain, plants
that fill their seed heads in one-tenth of the time, double
muscled cows, cows that produce 16,000, 18,000 or 22,000
pounds of milk per year — those will not be remembered
if a gene escapes and we have some kind of a catastrophic
situation on our hands. We have to remember, as we do
these studies and projects and create the organisms we’re
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working on, that Mother Nature always bats last.

As recently as 10 years ago, there was a feeling among
microbiologists and geneticists that, if we could modify a
single cell and if we could control the activity of that one
single cell or that one gene, we would be able to do what-
ever we wanted to the plant or animal. We know now that
it’s not that simple. This brings me to a theme I saw
through all the essays: that is that the reductionist world-
view is falling by the wayside in favor of a more global
holistic worldview. This reflects the fact that the problems
we’re trying to solve can’t be solved by addressing one
little subset of the concern.

We can’t make a better plant by making a better gene, be-
cause, when we create that new gene and change that
plant, we will take that plant out of the test tube in a
sterile laboratory and put it in the field. The plant will
interact with a lot of different things we have not account-
ed for in the laboratory. We can’t possibly account for all
of them in a laboratory. There’s not a lab in the world,
not a greenhouse in the world, not a field trial plot in the
world, that will see all of the changes and all of the dif-
ferent interactions that these plants and animals will see
as they will go through their lives and are used during the
next five or ten or 100 years. We have to integrate what
we’re doing with the big picture.

I touched on some of these issues toward the end of my
essay. There are major questions we must be aware of.
After we have created these new plants and animals, these
new organisms we’'re working on, how will they interact
with other things in the environment? How will they in-
teract with their symbiotic organisms, with the mycorrhizal
fungi that live in the soil and without which many plants
can’t grow. How will they interact with the symbiotic bac-
teria that allow lichens to fix their nitrogen. How will they
interact with wildlife that we didn’t think of in the lab?
What will happen to animals that come along and eat our
high lysine corn? Say we have a spillage of the milk with
human protein in it. How will that affect the soil microbi-
ota? These are questions we can’t answer unless we take
the time and trouble to try to think of everything. Nobody
can do that” ™ But we can think of many things or even,
maybe, most things.

When we create these organisms and release them into
the environment, we must remember that we’re not fitting
them into a sterile field. We are not going to be putting
them into an environment isolated from everything else
out there. These organisms will interact. In my essay I
gave an example of a recent research study done at Mich-
igan State University. They demonstrated that there are
certain types of plant pathogenic viruses that actually lift
DNA from their host plant, incorporate it into their own
genome and then carry it to a different plant, to a differ-
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ent species of plant. In the past that hasn’t been very
much of a problem, because the only kind of DNA in
plants is plant DNA.

But consider the introduction of a plant — it may very
well be growing in the field now — carrying the BT
(Bacillus thuringiensis) gene. I know there are a number of
kinds of crops that are going to be using the BT gene, the
BT toxin. That toxin is quite effective against a number of
insects. The potato beetle is the one that 'm most familiar
with. This is a natural toxin and scientists have found this
gene in a soil bacillus and decided that it was a marvelous
toxin. It’s a natural pesticide. Science lifted the gene out
of the bacteria and put it into plants — into potatoes,
corn and, I believe, rye. There are a number of other
plants that are planned for use with the BT toxin gene.

This is the kind of situation in which we need to consider
what will happen to those genes. We must look at what
will happen to that DNA. DNA does not stay in one
place; it travels. If it hasn’t been made clear, in the
ongoing debates in the popular press and in this forum,
that DNA is mobile. Be aware of that fact. It’s perhaps
more mobile in plant systems than it is in animal systems.
But I feel that it won’t be very long before we do start to
see some modifications in animals incorporating rather
radical transgenic fixes. I can’t predict what those will be.
In fact, I have no idea what they’ll be. During the next 10
to 20 years, we’ll see some strange things coming about,
a lot of mixtures of plants, animals, fungi, bacteria. Some
we’ll be familiar with, others, not. All of these can be
tremendously useful and tremendously productive, but they
have to be fitted into what already exists.

The environment is out there. All of the organisms that
live in the soil, float through the air, live in the trees,
everywhere, will interact with our construct. If that con-
struct does just fine in the laboratory, we have to make
sure that it will do fine in the environment, because the
environment is boss. That is the main message I'd like to
communicate in talking about plant biotechnology. Clearly,
there’s a lot of potential for good in new or re-designed
plants. Nonetheless, there is a real danger associated with
biotechnology that I think we need to consider very
carefully before we start moving full bore into modifying
all of these organisms.
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[The next excerpt is taken from Session IV of the same set of Proceedings. It represents an intervention made by Dr.
Thomas Sheahen, a physicist from the Washington, DC area. Dr. Sheahen is currently acting as a consultant in the

same area. ]

SHEAHEN I have charts I made during the coffee
break. I have two things to talk about briefly. One is elec-
tricity, the other is chaos. The connection between them
is the matter of capital. This morning we talked about re-
sponsibility aad accountability, but, when it comes to
building things, we need capital. We heard about the need
for roads, infrastructure and pipes to carry clean water.
All that is capital equipment.

I've learned from various people recently that the follow-
ing is true. The curve of almost anything you want, eco-
nomic activity, or whatever, tends to increase more or less
like this (See Figure 1) as our use of electricity increases.
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It may interest you to know that the average American,
each one of us, our children, our spouses, everybody we
know, uses a kilowatt all the time — the national budget
of electricity divided by the national population.

A few years ago at ITEST’s Workshop, The External Envi-
ronment, 1 produced some charts from various projections
of energy resources in the world. One of them — the
wattage used by various people — resembled Figure 2.
Americans were at about a kilowatt, Western Europe and
Japan were at about 500 watts and the Third World was
well under 100 watts. This meant that most people used
zero watts, because there is no electricity in big fractions
of the world. My point at that conference was our need to
provide electricity to these people, if we’re ever going to
let them come up to a higher standard of living.

Bob Morris’ paper mentioned the problem of storing food
and how it spoils on the way to market. Jack Kinney’s
paper talked about not being able to get out of the mud
when one is only 100 miles away from a huge food supply
and about people starving because of lack of infrastruc-
ture. Bob Morris mentioned that when he was a child the
family had an ice box and later a refrigerator. People in
undeveloped countries haven’t got the refrigerator yet.
Electricity is needed for these things. They have to have
capital investment if they’re going to have electricity.
Whether we’re talking about a coal burning plant, a nu-
clear plant, a hydroelectric power damn, they’re not going
to have electricity without capital investment — that’s very
important. Capital investment implies banks and investors
— it implies profit. That’s what that world is all about.

In the area of forming capital, a huge mistake was thrust
upon the world, upon governments and planners; that mis-
take has persisted for about 20 years. That great error had
and has to do with the idea that capital is incompatible
with a sustainable economy, a sustainable world. Back in
the very early 1970s, the Club of Rome — a group of im-
portant world planners — got together and concluded that
it was necessary then to restrict capital formation in order
to avert catastrophe later. They came to that conclusion
on the basis of a big computer model. We have found out
since about 1982, when the branch of mathematics called
chaos was developed, that that whole computer model is
total nonsense. I want to just take a brief minute to show
you why.

When we work with coupled nonlinear equations and solve
the equation for the present moment, the next moment,
the moment after that and the moment after that, we can
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propagate the equations forward and get a numerical
solution from the computer. If we do this for today,
tomorrow, and next week, it is probably okay. But if we
keep going with these equations, sooner or later, no
matter what we are computing this way, our solutions
diverge into chaos.

Weather systems are a good example of this. Weather
experts have big computational models which involve
coupled nonlinear equations. They work very well if we
know the today’s weather and are trying to predict
tomorrow’s weather. On the TV at night they have a seven
day forecast which is so-so. But if we look at the National
Oceanic and Atmospheric Administration booklet [given
to each participant at the Workshop], we find on pages 21
and 22 that we can forecast a season ahead. If we know
what this year’s weather was like, we can do a halfway
decent job of computationally predicting next year’s El
Nifio or lack thereof. But if we try to do it long term, it’s
terrible. The biggest thing, and I'm sure Ben Abell can
confirm this, is when we get a bigger and better computer
and propagate further and further forward, we get weird
situations. We can grind our computer forever, but, be-
cause of this problem of coupled nonlinear equations, we
can’t get a good solution over a long period of time.

Somewhere in the early ’60s when big computer main-
frames were coming into use, James Forrester at MIT
worked out a science called "industrial dynamics." He
started with coupled equations of industrial inputs, com-
puted them and predicted what was going to happen. This
was pretty good. He’d carry it forward five years or some-
thing like that. Pursuant to his work, the Meadowses and
others took the basic structure of the computer program
and put in world type variables like pollution, population,
food, and so forth. They computed that forward. Sure e-
nough, their computer actually gave them numerical
values. They never realized that what they were getting
was chaos. They had spreads like this. I've drawn these
curves (Figures 3 and 4) from memory but they’re not ran-
dom. I pretty much remember what they look like. Food,
resources, population, industrial output per capita and
pollution are noted. The Meadowses would cut off the cal-

culation and“carry it'no further when something went to
zero. Negative population, for instance, would make no
sense. But they predicted from this type of computer
modeling — nothing but a mathematical artifact — that
there were going to be catastrophes like a huge collapse
in world population. They had many of these scenarios.
One scenario came up nice, the one in which they restrict-
ed capital (Figure 4).
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As a result pollution went up in a finite way, food per
capita dropped a little, population was okay, and we lived
happily ever after. What they never realized in all of it
was it was totally a computational exercise in chaos. It was
an accident. Rather than having capital dropping down,
they might have had strikes by baseball players falling off.
Any screwball variable at all could have given them this
completely fortuitous result.
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Unhappily, this kind of thing was seized upon by The Club
of Rome, big world planners. They went off and started
making world policy based on the idea of restricting capi-
tal now. So this is some of the stuff that we’re up against
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when we wonder why people in other nations aren’t doing
things right. Part of it is because they have extremely poor
judgment about what science can and can’t do for them.

[A final excerpt is taken from Session 2. It involves Mr. Robert Morris, a chemist and then Corporate Vice President
of Technical Affairs and Product Integrity at Continental Baking Company, a subsidiary-of Ralston Purina Company.
He is currently President of Managing Technologies in Williamsburg Virginia. Mr. Jack Kinney, now deceased, at the
time (1994) was a self-employed environmental engineering consultant. He was very active in Africa, especially Uganda.
Dr. Helen Mandeville is Prof. Emeritus of English at Saint Louis University and Pastor Daniel Jungkuntz is a Lutheran

Pastor in Newport News, Virginia. ]

MORRIS I'd like to comment on three things. First
I'll mention bureaucracy. I thought Steve Kuhl’s comment
last night and again this morning about industry or agri-
business being another form of bureaucracy is right on tar-
get. I do not disagree with that. There’s very little differ-
ence, as Jean-Robert Leguey-Feilleux points out, between
the control of the bureaucracy of a large corporation —
I've worked in some of the largest — and the control ex-
ercised by federal regulators or the activities of various
UN organizations. There is a significant difference, how-
ever, over the controls which limit the activities of these
bureaucracies: the UN bureaucracies can go on ad infini-
tum because they appear to get their money from only two
sources; namely, begging among the community of nations
or extracting it from the dues structure of the United
Nations through its budget. The federal and state regulato-
ry bureaucracies get their money by taxation and, conse-
quently, they have almost unilateral control over what
those taxes are at any given point in time. We can see
that from the tax structures in the United States over the
last 15 years. The industrial bureaucracy, however, gets its
money from only one place; namely, selling a product or
a service to the community. They are the ones most im-
mediately responsible to the community of customers and
clients. If they do something wrong, they pay for it very
quickly, whether it is trying to introduce a frost-proof
strawberry or a genetically controlled tomato that ripens
very slowly during distribution. If the "federal regulator of
the household" doesn’t want to buy them, the producers
and distributors get that message very quickly. I would
rather live with a bureaucracy that the people can control
with relatively quick response time than with a bureaucra-
cy that I never expect to have any control over.

Whether France, Italy or the United Nations would be
better off with or without bureaucracy, or whether France
and Italy would have survived, raises an issue for me.
Those bureaucracies cannot take credit for progress, if, in
actual fact, the rate of progress was unchanged or imped-
ed by their presence. If we looked at the development in
those countries over that time frame, I expect that we

would come up with clear statistical evidence that, when
the bureaucracies of the French and the Italian govern-
ment, and even the United States government, control
something, things change more slowly. That may be good
in some people’s minds. I just happen to disagree with it.

That leads me to my second point, the definition of de-
mocracy. Democracy as I understand it is the rule of the
majority acting on factual information. It is not controlled
by minorities, whether those minorities depend on and ex-
tract politically correct behavior from the majority of
people in an organization or whether they are the minori-
ties of federal or state regulators. Until we have informed
majority rule, we don’t have a democracy. Informed major-
ity rule means that up to 49.9 percent of the population
will be disappointed at times. My only argument with that
state of affairs is that I've been disappointed too many
times and I'd like to have a shot at the other side. I would
have that shot if I were able to operate on a basis of facts
and without the control of minority regulators.

My last comment is about technology changed by society.
If you read my paper, you would see that the revolution
that took place in agriculture in the United States between
1900 and 1994 was unbelievable, really unbelievable. There
is nothing in the literature where anyone at any time dur-
ing those 94 years ever predicted properly what was going
to happen in the next ten years. Now all of a sudden
we’re afraid of it. We think it’s out of control. We think
that it’s going to gobble us up in some way, in a science-
fiction-film kind of operation. The really big thing change
since 1975 is that we no longer as a nation will control the
rate of that technological change.

Because we’ve educated so many people in our graduate
schools who have gone back to their home countries and
now practice technology the way they were taught to prac-
tice it here, the control of agricultural, biological and
chemical technology, and even physical technology, is no
longer centered in this country. Technological capacity is
worldwide and any country can move it along. If we think
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we can legislate or regulate technological progress out of
their lives, we will find out that we cannot. What will
happen is that, instead of eating U.S. products, we will be
eating foreign products made by technologically advanced
systems. We must keep that in the back of our minds.
This country’s greatest export since 1975 has not been
food, minerals or weapons — it has been PhDs with loyal-
ties to their native countries who are now as good as we
can ever expect to be.

KINNEY One of my greatest worries is that we
would have an Italian or a French bureaucracy. Any bur-
eaucracy like that would be a disaster. There are other
ways of doing things. When Idi Amin was booted out of
Uganda, I was invited to set up a program for the redevel-
opment of Uganda. I collected information from the
World Bank and the UN. I found out later that it wasn’t
worth the paper it was written on — but they carried it to
three decimal places. It looked official — and it was
wrong. I spent two years developing a profile of Uganda.

My idea of the environment is looking at the totality of
the human environment. Anything that affects that envi-
ronment is part of my concern. I put together a profile on
Uganda that included their water supply, their sanitation
(or lack of it), their agriculture (crops and animals), their
transportation, their education and their housing,. I spelled
out the whole national picture. Then I prepared a regional
setup that showed how it fitted into the overall picture.
How does one promote that or reduce it to the village
level? What kind of leadership is needed? What kind of
information is needed. The bureaucracy at the govern-
mental level, at the ministerial level, was really something.
They didn’t want this information out. They didn’t know
whether it was right or wrong; they didn’t care whether it
was right or wrong. This was the best estimate available.
They had the support of the prime minister in checking it.
This estimate reduced the whole project to the local level
— from the bottom up instead of the top down.

There are two populations in each African country. Ten
percent are the elite. Ninety percent are the rural and
urban poor. The two of them do not overlap; they do not
mix; they are separate worlds. The UN and our govern-
ment deal with the 10 percent elite and argue that it is up
to them to filter the results down to the rest of the popu-
lation. I have friends who are ministers making $50 a
month whose children are at the Sorbonne or Cambridge.
The graft is fantastic. Half the funding (half the money)
in Uganda never reaches a bank. I said, "Fine, if the
government people don’t trust banks, then team up for
yourselves and work from the bottom up. Develop your
own unions." They are doing it. Their standard of living
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has doubled, in some places tripled in five years. This can
be done by guidance, not by dictation. Development can
never come through a bureaucracy. It has to come from
people who are acquainted with it.

The Ugandan agricultural research station was one of the
best in Africa. If one goes there now, one sees musty
bookshelves and no periodicals. "How are you aware of
what’s going on?" They reply that visitors tell them what’s
going on. When I came back here, I contacted the Depart-
ment of Agriculture. I asked whether they could they set
up a computer system through their library to that re-
search center so that they would have everything avail-
able? I never got an answer. I wrote a second letter and
received no answer. Somewhere we must determine if
we're interested in helping people or not. If we are, we
must determine the means by which we can do it. I hope
that, with the mix in this group, we might have the imag-
ination to determine how we can break that logjam.

MANDEVILLE I'd like to recommend an article
by Christopher Hitchens which came out in current issue
of Vanity Fair, of all places. Amidst all the underwear and
perfume ads, there’s an article that looks like a preview
and postscript to what Mr. Kinney has been saying. I can’t
remember the exact title because I wasn’t expecting to
bring it up. Hitchens made a trip circling Africa and pin-
pointed almost the same places Jack Kinney mentioned.
He came to the same conclusion: Africa is now being run
by the United Nations; it’s being financed by the World
Bank; neither of them listen to people. As Mr. Kinney was
talking, T kept going back to Hitchens’ article. I suggest
cutting out the ads and stapling the article together. That
will give continuity. It’s a depressing article. But it looks
like he wrote it from this conference.

JUNGKUNTZ 1 think we’re trying to find some wisdom.
To do that, we need to distinguish between our feelings
and our thinking and arrive at some calm interaction. I
see deep feelings in each of the papers, but at this point
we have only minimal understanding of each other. I have
not heard yet a response to Dr. Leguey-Feilleux’s question
to both Jack and Bob. If we’re going to complain about
bureaucracies being the problem, with what will we replace
them? Bob Morris responded by distinguishing between
government bureaucracy and corporate bureaucracy. But
with what can we replace governmental bureaucracy? We
can’t do away with it. We’ll just replace one bureaucracy
with another. The issue seems to be about the wisdom of
who will guide that bureaucracy. Does it come down to
saying that as long as it’s our bureaucracy, it’s good and
as long as it’s somebody else’s bureaucracy, it’s bad?
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NEW (after Directory) MEMBERS

BELIZARIO, Nelson; 2955 Dorr Street; Toledo, Ohio 43607; U.S.A.; Diocesan Director of Campus Ministry; Diocese of Toledo; (419)-534-
3448; E-MAIL nbelizario@toledodiocese.org.

DAIMI, PhD, Kevin; 4001 McNichols Road; P.O BOX 19900; Detroit, Michigan 48219-0900; U.S.A.; Associate Prof. of Computer Science;
University of Detroit Mercy; Computer Science; (313)-993-1059; FAX (313)-993-1166; E-MAIL daimikj@udmercy.edu.

DE STEFANO, Francis J.; 98 Harvard Drive; Hartsdale, New York 10530; U.S.A.; Computer programmer; Promisek, Inc.; Conflict
resolution, music, art; (914)-288-9513; E-MAIL francisd @princeacademy.org.

FINSTERBACH, SJ, Fr. Thomas; P.O. BOX 18344; Stanford University; Stanford, California 94309; U.S.A.; Priest/molecular biologist;
Stanford University; Bioethics; (650)-462-9253; FAX; E-MAIL tfinster@cmom.stanford.edu.

FLANIGAN, CSJ, Rosemary; 7614 Main Street; Kansas City, Missouri 64114-1903; U.S.A.; Philosopher; Midwest Bioethics Center; bioethics
in general; (816)-444-5436; FAX (816)-221-2002; E-MAIL rosemary@medbio.org.

GLASA, Dr. Jozef; Slovak Postgraduate Academy of Medicine; Limbova 12; Bratislava 83303; Slovak Republic; Physician; Slovak
Postgraduate Academy of Medicine; Bio-medical ethics, bioethics; 421-7-59369.472; E-MAIL glasa@upkm.sk. jozef glasa@yahoo.com.

HENKELS, Mr. Paul; 345 Stenton Avenue; Plymouth Meeting, Pennsylvania 19426; U.S.A.; Engineer & construction contractor; Religion,
science, education; (215)-283-7901; FAX (215)-283-7939.

HOY, PhD, Michael; 201 W. Manor Drive; Lutheran School of Theology; Chesterfield, Missouri 63017; U.S.A.; Dean; Lutheran School of
Theology; (314)-576-0567; E-MAIL LSTSTL@inlink.com.

KUGELMANN, PhD, Dr. Robert; 1502 W. Colorado; Dallas, Texas 75208; U.S.A.; Professor of Psychology; Head of Dept.; University of
Dallas; (972)-721-5268.

MILLS, Ms Susan; 10652 Road 2040; Rolla, Missouri 65401; U.S.A.; Cartographer/Geologist; United States GS; (573)-308-3576; E-MAIL
smills@USGS.gov.

RAYMOND, PhD, Patricia M.; 163 George Allen Road; Chepachet, Rhode Island 02814; U.S.A.; Clinical Psychologist; Eleanor Slater
Hospital; Medical ethics/Health care decision making; (401)-567-0115 (o); 567-0115 (h); E-MAIL pmraymond@email.msn.com.

SCHOLLE, William; 117 E. Cedar Avenue; St. Louis, Missouri 63119; U.S.A.; Chemical Engineer; Monsanto Corporation (ret.);
Science/religion; (314)-961-5049; E-MAIL scholle@primary.net.

SCHNEIDER, PhD, Carolyn; 1000 W. Court Street; Texas Lutheran University; Seguin, Texas 78155; U.S.A.; Assistant Professor; Texas

Lutheran University; Historical theol., esp. Athanasius and Luther; (830)-372-8080; FAX (830)-372-8188; E-MAIL cschneider@txlutheran.-
edu.

TAN, Phd, Domingo K.L.; 6028 Bitternut Drive; Alexandria, Virginia 22310; U.S.A.; Deacon candidate; Physicist (retired); Archdiocese of
Washington; Harmony of theology and science; (703)-971-6368; FAX (703)-719-0486.

CHANGE OF ADDRESS

DA CRUZ, Eduardo R.; R. Monte Alegre, 1457. ap. 142; Séo Paulo, Sao Paulo 05014-000; Brazil; Associate Professor of Theology; Pontifical
Catholic University - Sdo Paulo; Theology and science as a culture; 11 3873-3907; FAX 11 3670-8529; E-MAIL erodcruz@exatas.pucsp.br.

DARRIET, MD, PhD, Danielle; 48, résidence de I’Esplanade; 1, avenue Francis Tattegrain, Berck Sur Mer 62600; France; Physi-
cian/Researcher; Memory; O3 21 84 05 90; FAX.

FRIEND, Most Rev. William; 3500 Fairfield Avenue; Shreveport, Louisiana 71104; U.S.A.; Bishop; Diocese of Shreveport; (318)-868-4441;
FAX (318)-868-4605.

HALL, Dr. John F.; 265 West 21st St.; Yuma, Arizona 85364; U.S.A.; University Professor (emeritus); Univ. Victoria; Relating scientific
method to theology; (520)-783-3644.



JESURAJA, PhD, A.; 4/610, 23rd Street; Shanthi, Nagar, Palayamkottai 627002; INDIA; Science & religion interface; E-MAIL
jimbono@usa.net

LANCTOT, MD, Claude A.; 44651 Shallow Ford Court; Tall Timbers, Maryland 20690; U.S.A.; Physician; Self-employed; Bioethics, Natural
Family Planning; (301)-944-3477; FAX (301)-944-3478; E-MAIL lanctot@kreative.net.

PETERS, Dr. Karl E.; 30 Barn Door Hills Road; Granby, Connecticut 06035; U.S.A.; Philosopher of Religion, Professor; Rollins College,
Winter Pk, Fl., Univ. Hartford; God and Evolution, epistemology; (860)-653-3304; E-MAIL kpeters909@aol.com.

POLLNOW, JR, Mr. Frank J.; 311 North Lindbergh - Suite 115; St. Louis, Missouri 63141; U.S.A.; Chemist; (314)-872-9229; E-MAIL
fip2nd@msn.com .

SHEAHEN, Dr.Thomas P.; 52 Wanderer Lane; Deer Park, Maryland 21550; U.S.A.; Physicist; Photography, ice hockey refereeing; (301)-387-
2522; E-MAIL TSheahen@alum.mit.edu.

S. ANTONIA MARIA, MD, Maryknoll Sisters; Maryknoll, New York 10545; U.S.A.; Maryknoll Sister, Doctor of Medicine; Our Lady of
Maryknoll Clinic; Mission, extending Christ’s kingdom.

SQUIRE, James; 3519-L Sugar Crest Drive; St. Louis, Missouri 63033; U.S.A.; Software engineer; ELCA; Theology, internet, computers,
music, chess; (314)-837-8528; E-MAIL JamesS1889@aol.com.

TROYER, Dr. Henry; 3776 N. Farm Road 127; Springfield, MO 65803; U.S.A.; Anatomist/epidemiologist (retired); Univ. of Kentucky;
Neurobiology of memory and learning; (417)-833-6804 (h); E-MAIL htroyer@atlascomm.net.

WEST, Dr. Charles C.; 9 Hedgerow Road; Princeton, New Jersey 08540; U.S.A.; Professor of ethics (emer.); Princeton Theological
Seminary; Science & faith, ecological responsibility; (609)-466-2187; E-MAIL ccwrew@bellatlantic.net.

ZETLMEISL, Dr. Michael J.; 22419 Silvermist Lane; Katy, Texas 77494; U.S.A.; Chemist; Baker Petrolite Corp.; Philosophy, Civil War
history, running; (281)-276-5457; FAX (281)-276-5491; E-MAIL michael.zetlmeisl@bhi.bhi-net.com.
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