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1.0 INTRODUCTION

This report summarizes the work done under Purchase Order BC83YAA20811 for

the Bureau of the Census (BuCen) as a part of their work for the Agency for
International Development (AID). The Bureau's agreement with AID called for
reviewing development project evaluation reports prepared orior to the issuance
of the new evaluation guidelines, analyzing the contents of these reports using
criteria based on the information requirements implied by the guidelines and
expanded in the subquestions developed under this project, and proposing cost

effective alternatives for collecting and processing the guidelines,

The purpose of this purchase order was to sumarize my experience in technology
transfer and African economic development and apply it to the work being carried
out by BuCen and the Africa Bureau at AID. In addition, my work included
participation in workshops during March 1983 and leading a seminar on tech-
nology transfer and participating in a series of seminars from May 10-12, 1983,
as principle speaker on technology transfer and the relationship of the

guidelines to technology transfer.

This report discusses the basic characteristics of technology transfer in
section 2.0 and incorporating technology transfer into the guidelines in
section 3.0. Section 4.0 summarizes my seminar presentation. Section 5.0
discusses aopropriate technology. The principles of technology are contained
fn section 6.0. The appendices listed in the table of contents detail my

previous work on technology transfer that has been applied to this project.

To properly understand the nature of our research it is necessary to under-

stand the characteristics of technology transfer. My input to this work



included a brief statement of this which is repeated here as background

information for this report.

The central unifying characteristic of technology is that it is a prob-
lem solving process. Technology involves tools, skills necessary to create
and use these tools, and, most important, the ideas in the tool-maker's and
tool-user's head that determine the motor functions to carry out the tool-
creating and using activity. Because tools involve skills and skills are a
form of behavior, then one aspect of tool-using is always its societal or
cultural context. Human tool-using is a process, and because it is a pro-
cess, it is differentiated from tool-using by other animals. The human
tool-using process is dynamic, combinational, and accelerates through time.

Given this broader definition of technology, for the purpose of A.I.D.
it can be argued that technology transfer in its initial phases occurs when
new improved ways of doing a task desired by the recipient are adopted and
integrated into the ongoing economic and societal system. (1) These new
ways could conceivably (but prcbably not often) use all the existing tech-
nologies alreadrin place and therefore be in essence the movement of an idea
from one place to another; (2) It could be a training program which would
then be the diffusion of an organized set of ide:s called knowledge; or
(3) It could be these two in combination with actual physical products of
modern science and technology, such as tools, machines, seeds, or another
human artifact. For number 3 to take place, elements of 1 und 2 are a nec-
essary concomitant,

Transferring an improved problem solving technique is only the initial
characteristic of technology transier. If this is the extent of the efiort,
it is, then, technique or tool :ransfer, and rot technology transter,
Technology transfer only occurs when the new technique is integrated into

the recipient culture and is simultaneously linked to the dvnamics of the



international technological system that brought it into being. For it is
only with this linkage with other technologies that cross-fertilization

and interaction can give rise to future dynamic accelerating develcpment,
which is an essential characteristic of technology and especially of success-

ful technology transfer. The basic characteristics of technology are

discussed in greater detail in section 2.0.



2.0 TECHNOLOGY: SOME BASIC CHARACTERISTICS

All human societies are fcunded on tool using. In fact, some anthro-
pologists have defined man (in the generic sense) as hamo faber, man the
tool maker. Furthermore, tool using precedes man in the evolutionary
processes. One of the dominant theories in physical anthropology is that
proto-humans began to use very simple tools, fist or hand axes, as they
are called. Having a stone tool gave some higher primates a competitive
advantage for survival over other higher primates. Within this group of
tool-using higher primates, those with a greater capacity to make and use
tools would have a still geater possibility for survival. In this instance,
the capacity for tool-using would not only include developments in the struc-
ture of the hand but also in the size of the area of the brain governing
the use of the hand.

Tools and human evolution became intricately interrelated. There was a
selective adaptability to the capacity for tool using. Any accidental varia-
tion or mutation that enhanced any of these traits would tend to remain
and diffuse throughout the group in succeeding generations. The interbreeding
of the survivors with these traits would tend to intensify them. Thus we
have a process that has direction, i.e., the ever greater capacity to use
tools, but it is not teleological in that it is not moving toward some fore-
ordained end. There is also a positive feedback mechanism in operation,

The greater capacity for making and using tools establishes the conditions
for further evolutionary development in tool using capacity.

Technology is developmental. A stick for an Fast African primate has
an ond-in-view, arid its uscfulness essentially terminates there. Tools as

used by humans were combined with other tools to create new ones. The bow



and arrow, one of man's first campound tools, can be used to obtain food

Or as a weapon of war. From the bow and arrow, early humans created the
bow drill, de:cendents of which can still be seen in operation throughout
the less developed world. Adding strings to the bow created a lyre or any
of dozens of string instruments still in use around the world. Putting a
resonating box behind the strings created other musical instruments, as did
enclosing the strings and equipping the instrument with devices to pluck

or pound them. And so it goes. The small details of the evolution of these
musical instruments equally illustrate the dynamic combinational character
of technological change, One can draw virtually from the entire history of
technology to illustrate this thesis. The airplane initially was a combina-
tion of an internal combustion engine and a glider. One author has shown
that the modern diesel engine is a direct lineal descendent of a Malayan
blow gun.

Technological development, then, is combinational and cumulative in a dv-
namic evolutionary process. Though it may seem strange to trace a diesel
engine to the blow gun, in a larger sense all modemn technology comes from
primitive technology. Without simple fist axcs, complex tools do not emerge.
Without more developed singular tools, compound tools do not emerge.

Tools in and of thamselves are static. Tools used by man gencrate dyna-
mic processes known as technology. With techiclogy we Ret another uniquely
human dynamic cumulative and closcly related {and interactive) process:
science. Unless same humans somewhere had created simle tools, then more. camplex
and compound stone tools, then metul ones, and <o on, we would not: have satellites
circling the globe nor atonic Creriv, nor laser beaus,  Thut does not mean,
of course, that all men muc-t pass through cach and cvery stage of the process.
Mankind in general has continually created expai.ed means for further crecation

of technology and the development of knowledge.
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Technology is also a resource Creating process. The unqualified asser-
tion that technology destroys resources reflects a lack of understanding
of both technology and resources. For technology creates resources, as
has been shown by many writers (including this author). Resources do not
exist apart fram technology. The raw materials of the universe become useful
to men when the technical means of using them for human purposes is devised.
New and improved technical means convert raw matérials into resources. Llack
of technological progress is more likely to destroy resources than is tech-
nological change. For example, in Nepal, the population pressures are leading
to a cutting down of the forests on the mountain slopes for fuel and build-
ing materials and to create land for cultivation. At best, two or three crops
are planted and harvested before the land is eroded away. It is in fact true
that a technology operating with non-renewable resources will, given enough
time, use all of that available resource. In that sense, technology uses
(i.e., destroys) resources, but since all men are tool users or part of tool-
using cultures, there seems to be little chojice but to create and consume
resources. khether we can continue to do so depends upon our conception of
technology and the policies following from it. If we view resources as being
fixed, then any technology will eventually exhaust them, no matter how frugal
we are in our use. Few would argue that we can base modern civilization
on ''renewable" resources alore. If we view technology as a dynamic, resource-
creating and resource-conserving process, then we can form policies that seek
to pramote scientific and technological progress and then we can lay the basis
for continuous development. As in the case of Nepal, the one sure way to des-
troy resources is to use yesterday's technology to solve the problems of
today's and tomorrow's population. Yct the sum and substance of many critics
of technology is to return to earlier technologies. What the Nepals of the

world need is new forms of coergy (in some instances renewable energy, c.g. solar)



improved ways of agriculture, and more effective means of population control.

In a word, what is needed is more techn ‘ogy, not less.



3.0 INCORPORATING TECHNOLOGY TRANSFER INTO THE
AFRICA BUREAU EVALUATION GUIDELINES

Mevaluatimguidelh\eswerecreatedinresponsctostamdneedsbym
Africa Bureau officers in Washington to obtain more effective information with
which to evaluate development projects. There was a frequently articulated
frustration that information coming in from the field in typical project evalua-
tion reports was not adequate to acocamplish the task of either selecting appro-
priate projects for specific settings or evaluating their ocampliance viith overall
agency goals. Hank Miles interviewed various Africa Bureau and MAgency staff
merbers as to the specific types of information they wanted and what types of
procedures or questions would best achieve these results. The evaluation
guidelines are a camwpilation, integration, and organization of these results.
More detailed sub-questions were added to assist those in the field to

respond more effectively to the 11 major quideline questions and to make the
evaluations comprehensive. The evaluation was also structured to draw out a

set of responses that made the project implementors more awarc of the issues
involved in technological transfer and change.

In addition to responding to stated nceds of the Africa Bureau, the guidelines
will hopefully facilitate the achievement of broader agency goals. The four
pillars of AID development programs are: technology transfer, private enter-
prise, policy chanmges, and institution building,

By specifying the issucs of techvology transfer, the quidelines focus on the
contrality of technology in the process of develogment. More important, the
conceptual framowork usoed as a basis for these questions provides the organizing
principles for ambodying these goals into particular dewelopment projocts. The
twnety-five principles of technology listed in thm previour section recognize
that technology is much more than mere hardware. Technology transfer moans
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techrology in use. Using technology involves both policy and institutional
factors. Bad political and econamic policies can not only limit the potential
benefits of new technolbgies but also are probably already limiting the utiliza-
tion of existing technologies. Good policies can allow people to use existing
technologies to their fullest capability and can facilitate the introduction of
new techmologies. Since technology-in-use requires knowledge, skills, habits

of mind, and organization structures, then what is called institution building
becames a necessary camponent of technology transfer. Finally and more impor-
tnat, technology is dynamic. Successful technology transfer is much rmore than the
diffusion of same techniques and hardwarc. Technology transfer is a process. 1If
successful, it transfers the dynamics of technology such that the recipients are
able to continue to borrow and adapt on their own. Institution building is one
means of sustaining technological transfer and develogment. The private
enterprise systom, if aided and not restricted, can booame the main vehicle

for the ongoing, dynamic diffusion of ideas, techniques, and all other aspects
of techmoloay,

3.1 Constraintsa: Technology and Policy Changes to Alter Tham

Questions I and IT concern the identification of constraints. Froquently,

tho most significant contraints are govertment pol icies, particularly pricing
policien. If policy constraints are restr icting e use of existing techno-
logies, then there in a strong proability that new techuologies will not be
usad effe~tively., The evaluation quideline pooks o alrain information not
only on the conatrainta to be ramwed but also on other conatraints that

would affect the project tmt had not previously becn mecifiod, Ralistically,
constraints that irmvolve policy decisions My et o clapne dde by AID donor,
However, having identified these jol:cy constraints, the dom has the options
ofi 1) meeking to morlify the cunstraint by using the project as leverage)
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2) designing the project to work around the policy constraint as well as
the technological constraints; and 3) not funding the project at all if
(1) and (2) are not feasible.

By requiring the identification of all constraints in the evaluation,
it is expected that this identification process will eventually be included
in the preliminary stages of the project, allowing the options noted above.

Many constraints are not policy-related. Given the broad concept of
technology being used, issues of institutional adjustments, lack of skills
and knowledge, as well as environmental limitations to the use of technology
become potential constraints to technology transfer. Providing the framework,
the sub-questions seek to identify these constraints and the way in which the
project will overcome them. Essentially, these questions are seeking a state-
ment concerning the larger technology, policy, and environmental systen in

which the technology transfer program will operate.

3.2 Institution Building and Responsive Indigenous Institutions

Question IX on the delivery systems and (estion IV anl V on the intended
beneficiaries relate to the goal of institution building. A delivery system
can become part of the recipient country's institutional structure for the
continued borrowing of technology. Building other institutions, such as
research laboratories or trainin; schools, provide in-tater—phases delivery
systems for technologies and for sustained technology transfer. If it is un-
likely that A.I.D. will be funding rcscarch institutes in less developed
countries to explore the basic structure of the cosmos (however important
that inquiry may be), then it is likcly that a successful research institu-
tion will turn out results suppoitive of the opirating tcchnologics ¢ the
country. Because technology transfer is seen as a process and not a one-time

event, then the delivery system must in fact became part of the structure
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of sustained technology transfer. Throughout, the questions in the evaluation
quidelines seek out evidence of the sustainability of the technology transfer.

The intendad beneficiaries are basic to what AID is presumably about, trying

to help poorer people of a country help themselves. The evaluation quidelines
go into great detail in attempting to have project designers specify both the
target group and of the mechaniam for achieving the stated results. Thus, not
only do the recipients benefit, but this process requires their participation.
An attempt is made in the guidelines to get at all of the issues of behavioral
andmlturald\angesnecessarytocanywtﬂ:epmjectandﬂ\etypesof resis-
tances that might undermine it. These questions not only get to the ideaticnal
and behavioral aspects of technology but also mo.ce fundamentally get to the
roots of the potential for technological change. Widely distributing the
benefits of technological change gives more people a stake in its continuation.
Wide distribution of benefits can be a basis for developing the kind of free
institutions that we argue in orinciple so greatly facilitate the evolution
of technology.

3.3 The Private Sector

In virtually every question category there are clarifying sub-questions

that raise the issue of private sector involvement. The questiors on constraints
wish to know both why the private sector is currently unable to remove them

and in what way it can be used in the project tu overcome them. Of the many
ways in which these questions seek to get at private sector involvement, one

is possibly unique to the vvaluation quidelines. Given the dynamic concept of
technology, these questions are trying to focus on the creation of indigenous
free market structures that will sustain the dynamism and serve as a vehicle

for continued technology transfer. Technology transfer as a process involves

the sustaining mechanism of the market.
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3.4 Technology Transfer
These questions attempt to treat all development projects as attempts at
technology transfer (in the broadest sense of that term). Though all of the
questions should be applicable to most projects, it is possible that occa-
sionally a question or two will not be relevant to a particular project. The
point is not whether all questions are applicable to the projects but whether
for all projects these evaluation quidelines form ask the critical questions,

Question 11I,in looking at the environmental context of technology, essen-
tially stresses technology as problem solving and the necessity to adapt a
technology to fit the nature of a problem. Question IV and V are concerned
in part with the technology transfer from the perspective of the recipient.
Perception of risk and benefit will influence adoption rates. If the skills
or action involved in the use of a technology involve behavioral change,
then again these are the choices of the recipient.

Questions VII and VIII are at the heart of the technology transfer issue,
for they deal with the dynamics of technology transfer. Question VIII focuses
on the private sector's role in sustaining continued technology transfer.
Question VII seeks the totality of forces set in motion to create sustained
technology transfer. Simply stated, toomany projects purporting to be tech-
nology transfer are really technique transfer. These two questions, in diff-
erentiating between technique and technology, are defining the difference
between helping pcople to achieve econamic stagnation at a higher level or

helping people help themselves in a sustained long-term development process.
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4.0 Sumary of Seminar Presentation by Thamas R. DeGregori

The following discussion is a sumary of the seminar presentation as
given by me at six seminars for the Africa Bureau of A.I.D. and other parti-
cipants from A.I.D. and from the Bureau of Census. The ideas and illustrations
used came from a longtime study of the history of technology and technological
diffusion. The ideas were also refined and enhanced by a study of the evalua-
tion questionsand the thirty-five structured responses to them. The princi-
ples of technology (a separate document) were originally only fifteen after
completion of a study of the history of technology. Work on this project led
to their expansion to twenty-five and now to twenty-eight and possibly thirty.
The principles were structured and oriented to meet the needs of the project
and the seminar material was organized to present the material to facilitate
the understanding of technology transfer and the carrying out of project eval-
uation.

Given the time limitations of the seminar, only four basic principles or
characteristics of technological. development and transfer were outlined. They
are: 1) The cumulative and accelerating characteristic of technology; 2) the
ideational character of technology and technology transfer; 3) the feedback
or complementary character of technological change and technology as a problem
solving process and the way it has influenced the nature of technology trans-
fer. For each of these principles, episodes in the history of technology were
chosen to illustrate them.

The cumulative/accelcrating nature of techrology was simple to illustrate

since the principle is so obvious. First, we took 1 million years as the time

Frovious Puge Blank
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in which protohumans crossed the threshold into being humans. This was a con-
servative figure, since estimates generally range well above thjs number. Of
this million years, 98% of the time humans were living in the Paleolith or 0ld
Stone Age, characterized by "'simple stone or other tools." Ninety-nine per-
cent of this time (or until about 10,000 years ago), all humans were pre-agri-
culture or hunters and gatherers. The Mesolithic or Middle Stone Age 20,000
years ago was noted for its campound tools (bows and arrow, for example). With
an increasing assemblage of tools, there was a multiplying array of possibili-
ties for combination and the creation of new technologies. Agriculture leads
to more stable and denser settlement patterns, further accelerating the process
of cumulation and combination. Needless to say, we are still accelerating,
as we have gone from the Stone Age to the Space Age in less than 10,000 years!
The second principle we illustrated was that of the essentially ideational
character of technology and technology transfer. For illustrative purposes,
we used the diffusion of the arts of printing to Europe. Printing was one of
the four inventions noted by Sir Francis Bacon as being responsible for Europe's
ascendency. All came to Lurope from Asia and the Middle East. To have printing
or printing by moveable type requires skills and capabilities such as metal-
smithing, an alphabet, an ink that will adhere to a typeface and dry on paper
or some other material, the paper, a press, etc. We looked at the evolution
of cach of these camponents. Paper is the clearest illustration of the move-
ment of ideas. Paper is not derivative from papyrus as is commonly believed.
Paper making is a felting process; papyrus is a product of a weaving-type
technique. The idea of felting came to China from Central Asia, where it was

used with hairs to make matcrials for tents. In China the idea was applied
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to rice fibers to make paper. We can trace many of the episodes of the diffy-
sion of paper making to Europe, including the capture of two Chinese paper
makers by the Persians. ‘There is no evidence of the movement of paper as a
physical artifact from Asia to Europe. And if there were, in this instance

it would be irrelevant. There was a movement of ideas that required skills

to be carried out. For, with the idea and the skills, replication is possible
to a magnitude far greater than the number of artifacts that could diffuse.
Further, with the ideas and skills there is the ongoing possibility of further
improvement and combination with other capabilities. We stressed in the lecture
on development that just because technology transfer is ideational, it does not
follow that it is not measurable. If you bring tools or machines to a people
but not the underlying idea structure, the tools may rust and the machinery
break down. If ideas are diffused, then they should manifest themselves in
measurable physical transformations.

We went through the same analysis for other components of the technology:
the alphabet from the Middle East, centuries earlier, the press from the olive
and grape presses around the Mediterranean, the basic arts of printing from
Korea and China by way of Central Asia. There was also the indigenous growth
of metal smithing and the linseed oil-based inks derived from the same source
that painters derived the o0il base for their paints. All these were in place
by the 1440s, but it was not until about twenty years later than Gutenberg
made his contribution, the cheap sandcasting of type. The latter was the last
but essential piece which gave printing by movable type enormous economic ad-
vantage over all other means of mass reproduction of language.

Printing as it emerged in Westem Europe was a combination of items that
had diffused to Europe at different times and indigenous capabilities that were



18

synthesized to fit local circumstances and solve local problems. As with the
individual items (paper, as described above), there is no evidence of any phys-
ical movement of printing presses. And even if there were, it would be largely
irrelevant. Granted, the physical embodiment of an idea can be a useful part
of the diffusion of the idea itself ; nevertheless, it is the diffusion of the
idea that is the essential characteristic of technology transfer.

The third episode was the description of the development of steam power
as an illustration of the principles of feedback and complement. Of course,
if the principles of technology expounded in the accompanying report are correct,
then any technology should embody most if not all of them. However, some more
easily lend themselves to the illustration of particular principles. Such is
the case with steam power. Steam power can be found in use as early as ancient
Egypt, where it was used to open and shut temple doors, and in Greece and Rome,
in a toy called the heliophile. Some have argued that the ancients had steam
power but never developed steam engines because with a large supply of slave
labor they did not need a 1zbor-saving device. This is incorrect on at least
two counts. First, as we shall see below, a new technology such as steam power
can not only substitute for existing factors of production such as labor, but
it can also do new things that previous technologies could not do. Secondly,
to have a functioning high pressure steam engine requires a metal jacket for
the boiler that is strong enough to withstand the pressurc. For early steam
pumps (the forefunner of the steam engine), copper jackets could be used, but
for a steam engine, steel was necessary. Thus, for an idea (e.g. a steam engine)
to become a reality, complementary developments are required in other areas.
In this instance, it was in steel making. Stcam power was to feed back into

steel making, providing the power to send the heut through biast furnaces.
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The final principle discussed was that of technology as problem solving,
exemplified in a series of episodes involving the diffusion of agricultural
technology. The agricultural writers of the Roman Brpire looked at agriculture
north of the Alps as a lost cause. The climate and the soils were inferior and
destined to remain so. Rome had taken to Gaul Mediterranean agricultural tech-
nology and practices, complete with the Latifundia. In other words, agricul-
tural technology had a capital A and a capital T. When the people of Northern
Europe took cammand of their destiney, they did not throw out all Mediterranean
agricultural technology as being inappropriate. Rather, theirs was a synthesis
of local technologies and imported technologies, either adapted or used as re-
ceived. In a word, a complex of technologies is appropriate to the particular
problems it is designed to solve. In a new environment or circumstances, it
may or may not be appropriate. Appropriateness is here defined as problem solv-
ing. That it may not be effectively problem solving in a new environment does
not make the technology inappropriate except to a range of problems. In fact,
however inappropriate a technology may be to a set of problems, if it has been
highly successful in solving similar problems elsewhere, the technology probably
embodies scientific and technical principles and an accumulated body of know-
ledge and experience which, properly understood, modificd, and adapted, can be
useful in other contexts.

With its own combination of problem-solving technology, European agriculture
became the most productive in the world. Quite clearly the problem was not the
soil or the climate,just as the later Middle Ages with the Black Death,
Europe was not unhealthy because of the climate. As one geographer, Preston
James, put it, "fertility is not a property of the soil but of the uses we put
it to." (quote from memory). Ruther, the problem was proper technology. Centuries
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later, when Buropeans came to the New World, they brought their technology with
them. It did not work the way it did at hame. The new Americans cambined this

technology with Indian agricultural technology. In the 18th century, Jefferson
in his Notes on Virginia, had to defend the New World against European intellec-

tuals who thought the climate inferior for agriculture. Similarly, when Euro-
peans acquired colonial possessions, they sometime treated technology as prob-
lem solving. Agricultural research was a means of growing essential commodities
such as cotton in the colonies. Unfortunately, too often agricultural practices
of the temperate zone were treated as absolutes, and attempts were made to impose
them upon the colonies, sometimes with disastrous results.

Western views of the tropics, particularly the rain forest, have varied
between extremes. First, there were those whose purple passages described the
lush growth of the "jungle." Build a fence and before your eyes, the fence posts
sprout. Others, noting the difficulties facing agriculture when rain forests
have been cut, emphasize the thin soil cover and the threat to it of heavy rains
and erosion of all kinds. It would seem that we really have not developed a
highly productive method that uses the potential of the tropics. As the A.I.D.
administrator said (Horizon, April 1983), what we need is not only technology
transfer but technology generation in Africa. This is true for the tropics in
general,

These principles were then applied to contemporary issues of technology
truisfer. We stressed how they were compatible with the four pillars of A.1.D.
policy: technology transfer, institution building, private enterprise, and
policy changes. We then showed how the guidelines embodied these principles
and the four pillars (see accompanying document for details). We also attempted
to show how the testing procedures in the guidelines linked the log frame to
cost-benefit analysis. It also of course involved what we said about technology

8s ideas having measurable material manifestations.
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We illustrated contemporary technology transfer with a variety of tech-
nologies. We used different ones for each seminar so as not to be boringly
repetitive and also to allow responses to specific questions about the guide-
lines. We pointed out that good theories do not always give answers, but they
should always pose the right questions. The one current technology transfer
experience that we used most often involved the author's work On sugar cane
crushing in Pakistan. We illustrated the difference between transferring a
technology that is dynamic and one that is static. 1In others, we asked the
question as to whether a technology will facilitate further technological change
or hinder it.

Overall, the seminar presentation summarized above, taken together with
the contributions of Jim Ray and Hank Miles, was part of a package of activities
that successfully explained a4 new procedure for project evaluation to A.I.D.
personnel. The above ideas also reflect the intellectual contribution made
by the author in developing the guidelines, analyzing their applicabilities

in previous projects, and refining and improving them for future use.
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5.0 Appropriate Technology

Definition - A definition of the basic terms used seems in order. We can
begin with some (two) dictionary definitions as a point of departure,

Merriam Webster (3rd edition) definition of tachnology: “2a
- the science of the application of knowledge to practical
purposes . . . Ja - the totality of the means employed by a
people to provide itself with the objects of material
culture.”

American Heritage: 2. Broadly, the body of knowledge
available to a civilization that is of use in fashioning
inplements, practicing manual arts and skills and extracting
or collecting materials.”

These definitions that have been selected both have a characteristic that
is frequently omitted in comnon parlance. The implicit definition of
technology, as it is sometimes used, tends to refer to specific material
instrumentalities, It 1s at other times brosdened to include ianagerial
capability or other non-material characteristics. The above definitions (and
they by no means exhaust these or other dictionaries) esphasize the ent:re reange
of practical knowledge and its potential material emvodiment in tools and other
instruments. Applied or practicel xnowledge must bm pplied to womething and 1t
18 not certainly presumptucus to muiqent thaet hy these detinitions, technology
is the ability to solve problems. The technoloyy of 1ideas nr tools is defined
by their ability to solve problems and, of course, problems and the priority
ranking of problems is defined ULy society, Such a broed definitron o!

technology 1is opsrational in that 1t describes the renge of phonomenon that we

should cunsider when we speak .t unirg technulogy for Jeve lopnent .,

Lo §
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people to provide itself with the objects of material
culture.”
American Heritage: "2. Broadly, the body of knowledye
available to a civilization that is of use in fashioning
implements, practicing manual arts and skills and extracting
or collecting materials.”

These detinitions that have bLeen selected both have 4 characteristic that
is frequently omitted in common parlance. The implicit definition of
technology, as it is sometimes used, tends to refer to specific material
1nltruncntalit1e:; It is at other times broadened to include managerial
capability or other non-material characteristics. The above definitions (and
they by no means exhaust these or other dictionaries) esphasize the entire rangc
of practical knowledge and its potentiel matcrial embodiment in tools amd uvtlier
instruments. Applied or practicel knowledye must be applied to womething and it
is not certainly presumptucus to suygest that by th~va detinitions, ter'inology
is the ability to solve problems. The technology of ideas or tools is drfined
by their ability to solve problems and, of course, problems and the priority
ganking of problems is defincd by socCiety. Such a broad definition of

technoloqgy 1is operational in that it de:icribes the range of phenomunon that ww

should consider when we speak oOf using technuiogy tor Jdevelopment.
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5.1 Criteria for Assessing AID Technology Projects

Agricultural Extension Proyrams ought to be distinguished trom techr.ology
Proyrams. Possibly the term Appropriate Technology might need to be used
because of external pressures, Some code word, however, such as extension,
ought to be included to differentiate it irom other technology proyrams. By an
extension program we mean a4 situation whure there is a known technulogy
producing at a ;Zgh level that is readily usable in the context of the project
without the need for major adaptation. Of course, virtually &ll technolugies
must be adapted to tit new conditionu. Soils vary truom farm to farm, orc for
smelting are different, and each batch of petroleum has characteristics that
must be accounted for in the refining processes. Acrous the board in modern
tachnology, these adaptations have heen so routinized that they have become part
of the technology. The dJditference between this kind of adaptation and thet
frequently required when a technology is ditfused to a different culture or

environment is so yreat as tn he a difference in kind, und confusion ot the new

can lead to asking the wronqg quentions.
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development requires continued technology transfer. Much of this pPerspective
seems to be derived from the shared outlook with the ecology and limits tc
grovth movements, Any progyrammatic philosophy that restricts or eliminates
scientific. and technological development at the higher echelons in order to
concentrate it at the bottom would break the vital linkages that both sustain
local technologies and provide the basis for further improvement of them.

One does not wish to creato straw men, but it {s difficult to interpret
some of the most popular writers on small scale technology other than as
advocates of this technology to the exclusion of otheis. One could litter this
report with quotes from the late schumacher or the still very active hmory
Lovins who starkly states a dichotomy and the necessity to choose one or the
other, (lovins is currently best known for his advocacy of decentralized “soft”
enerjy, i.e., solar, an opposed to other forms of eneryy such as nuclcar

eneryy.)
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6.0 PRINCIPLES OF TECHNOLOGY “
The following list of basic principles of technology form the

intellectual assumptions  consistent with the questions in the eval-
uation scheme. They have been, implicitly or explicitly, part of the author's
work on technology over the last two decades. This particular set is taken
verbatin from the sumary of Chapter 1 in a book that I am writing. No
attempt is made to hide this by excising telltale references to earlier
parts of the chapter or to subsequent chapters. A rough draft of this chapter
is available on request from Hank Miles. It is not included in the packet of

materials sent to all participants.

6.1 Sumary: Operational Principles of Techrnology

The purpose of historical inquiry on technology was to attempt to
identify those operating principles that have governed technological evolution.
It is our contention that consistency with these principles is necessary for
successful technology transfer and economic development. They will be in one
way or another embedded in the rest of this book. We consider them fundamenta},
both in planning and in implementing technology projects and as a set of cri-
teria for evaluating completed projects. In the final chapter, we will take
those sumary principles and combine them with the empirical and analytical
results of current efforts in science and technology for development, to creatc
a set of guidelines or recipes for applying theory to the task of project
development.

The basic characteristics of technology are:

1) Technology or human tool using is primarily an ideational process.
It is the use of ideas to transform the material and non-material world.

2) Technology is behavioral. The very existence of tools implies
skills both in tool creation and in tool use. Skills are forms of human
behavior.

Previous Puge Blank
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3) Technology becomes organizational and institutional. Humans live
in groups, and much of their technology, going back to large-scale hunting,
requires organized group cooperation for effective implementation.

4) Technology as ideas (or knowledge) and as material artifacts is trans-
mitted through culture. Though analytically separable, technology in use
becomes part of the general belief system of those who use it. As such,
the dynamic nature of technology (points S & 6 below) can come into conflict
with the restrictive institutional beliefs and practices.

5) Technology is cumulative and combinational. Once the process of tech-
nology is under way, it gains momentum from the ability to combine, recombine,
and modify existing techmology. In the same sense that biologists say all
life comes from previous life, and anthropologists say that all cultures came
from previous cultures, we can state that all technologies came from previous
technologies. Though, in tems of the archeological and industrial record,
what appears to be cambined are the material artifacts; the dynamics of the
process comes from cambining the ideas of the artifacts.

6 ) Technology is an interactive process. Just as there are feedback
loops between human evolution and tools (as described above), inere are feed-
back loops with other social activities. If a distinction is made between
science and technology (which we do not fuily accept, though most writers
on the subject do), then we can observe a continuous feedback loop. Scien-
tific inquiry establishes principles that are applied in technology. Tech-
nology provides thc instrumentation that facilitates scientific advancement.

7) Technological change is an accelerating process. The more technology
there is, the even greater arc the possibilities for new combinations and ad-
vances and for positive feedback loops between science (and knowledge in
general) and technology. Goldschmidt refers to "an cxponential quality;

that is, the rate at which growth takes place incrcases with each successive
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increment of advancement." He considers it "mathematically inevitable that
the opportunity for new techniques increases geametrically as the number of
busic ideas increases arithmetically." He considers it ‘mathematically in-
evitable that the opportunity for new techniques increases geametrically as
the number of basic ideas increases arithmetically." (Goldschmidt, op.cit.,
PP. 112-113). The historical record in the timescale figures that we have
given certainly bear out the contention of exponential growth. It is a major
contention of this book that some theories of technology and the projects
thereby derived neglect the poten:ial of technology and thus severely limit
the potential gains from technology transfer.

8) Technology is a problem solving process. Technology is technology in
the context of its use. Its use in the wrong context does not deny its effi-
cacy in appropriate circumstances. By definition, all technology, if it is
truly technology, is appropriate to some problem solving endeavor. The selec-
tion of technology depends upon cultural, environmental, and economic criteria
that define a problem and the characteristics of its solution.

9) Technological innovation has long term consequences (the unintended
consequences described above) that, from the viewpoint of subsequent genera-
tions, are more important than the short term problem solving that was the
original intention of the technological change. Both in the short and long terms
there are chance or fortuitous discoveries. Serendipity is the name given for
the discovery that emerges by chance when one looks for one thing and finds
another. As one great scientist said, "chance happens to the prepared mind"
in that accidental discoveries only happen because someone had the intelligence
to interpret the results as being useful in another context.

10) Because technology is conbinational, it is not surprising that people
working fram the same technological and scientific base frequently create
essentially the same invention (i.e. solve the same problem) at the same time.
For the same reasons, simultaneous discovery is also a frequent phenamenon
in scientific inquir’.
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11) Technology, since it involves behavior, is likely to bring about
cultural change. Similarly, culture is likely to force a modification of
technology in the process of diffusion. Cultural change does not necessarily
mean cultural destruction, in that it provides new and more expanded means
for expressing traditional themes in art, ritual, and other human endeavors.

12) The cumulative body of knowledge, instruments, and human skills that
we cill technology is essentially a seamless webb. The source of an instrument
or innovation in one area of endeavor can be derived from what superficially
appears to be a totally unrelated area. We shall illustrate this point further
in the chapter on arts and technology.

13) Adaptation of technology to new environmental circumstances is in itself
a form of invention. Socially and linguistically we call large, apparently
discrete technical changes, inventions. A closer, detailed analysis of the
inventive process reveals the fact that a series of smaller, less discrete
changes preceded the more noticed, larger changes. A more indepth study of
the inventive process of printing would clearly indicate this. In most in-
stances, adaptations are comparable to small, innovative changes in the
inventive process.

14) The separation of a technology fram the major areas of technological
change, whether by geography, culture, or political isolation, tends to slow
innovation, if not bring about stagnation. Linkage to other technologies
is vital, linkage necessitating not only contact but also some compatibility
in the level of technological achicvement. This issue of linkage and continued
technological development will be central to our analysis of appropriate
technology.

15) Technology (and sciencc) create resources. Resources are neither

natural nor necessarily finitc.
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16) Historically, more often than not, successful technology transfer
has involved borrowing technology at its then highest level.

17) Terms such as '"Western technology" can only have a very restricted
historical use. 'Modern technology" can have a universal meaning as the set
of knowledge and ideas, skills, tools, and machines that are the most efficient
and effective at problem solving. Similarly, ‘modernization," a term frequently

in disrepute as being ethnocentric, can have a transcultural meaning as the
societal and cultural ability to use modern technology.

18) Technology transfer is incomplete if particular techniques are diffused
out of context from the larger dynamics of the process. The presence or absence
of a particular tool or machine is not evidence for technology transfer.

19) Ome of the frequent mistakes of analyzing old and new technologies
is that they are frequently compared in terms of how well they perform established
tasks without recognizing that new technologies almost always allow people to do
new things as well as old ones better.

30) In choosing between technologies, the borrower must recognize that the
context is not the world as it was but the world as it is and is becoming with
most competitors (both economic and military) using the most efficient and effec-
tive technologies.

21) Technology, as noted above, is an evolutionary process. Technologies
are predicated from the prior development of other technologies. This is the
process in aggregate. For a particular economy or people, the process of tech-
nological evolution nced not be replicated. Borrowing peoples may skip stages
by borrowing technology at its highest level, as noted above. As a universal
process, technology is evolutionary. As a particular process, technology is
revolutionary. The dynamic accelerated growth that characterizes universal
technological change may even be more greatly accelerated by particular peoples’
Jumping stages of technological development. The very rapid growth of tech-
nology  borrowing countries, particularly the extraordinary ymprecedented
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post-World War II growth of countries such as the Republic of Korea, testify

to this process.

22) All technology is both universal and particular. It is universal in
that it is based unpon the principles of nature and is characteristic of all
people. It is particular because as a problem solving process each peoples
has a unique set of environmental and culturally-defined problems to be solved.
Because technology is universal, it is ironically and paradoxically also alien
because, for any particular people, the majority of their technology originated
elsewhere. Simultaneously, technology as problem solving is entirely indi-
genous in that technology must be adopted to meet local conditions and this
process of adaptation makes it one's own. This apparent paradox of universality
and particularity, when indigenous, when properly understood and explained,
can facilitate technology transfer. Too often the alien character of technology
for a recipient peuples is stressed, i.e. called Western technology, when it is
also a universal technology that is the heritage of all human kind. Similarly,
the Appropriate Technology movement stresses the particular character of tech-
nology and thereby ignores the enormous benefits of its universality.

23) Invention, as Veblen stated, is truly the mother of necessity. We adopt
our lifestyle, population, and other aspects of our condition to new technologies.
The agricultural systems of the world that create the means to support 4 billion
people are_necessary if there is not to be mass starvation. The technologies
that allowed urban growth are now ne @ssary, for their survival. Individuals
may return to previous technologies but rarely if ever does the group have that
option. Going back to earlier technologies has been widely advocated as a devel-
opment 'stratcgy, but no evidence has been offercd as to its aggregate validity.

24) There are gains and losses to evolutionary and technological change.

The human record shows that/ﬁ!ﬁns have been far greater than the losses. The
claims made for altemate technologics (and against modern technology) actually
apply to modern technology. Nature is only & virtue in developed countries
where technology has ‘pratically insulated the population fram its worst ravages
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such as drought, famine, and plague. Modern technology is truly technology

for the masses, given people longer lives, more choices, and greater ocontrol over
their destiny. The list of the benefits of modern technology is as long as the
criticiam against it.

25) The free market place of ideas, democratic institutions of all kinds
and free economic markets are all vital mechanisms in developing, transferring,
and sustaining technology. The dynamic process of cambining technologies to
Create new technologies or borrowing technology is greatly facilitated by free-
damn of thought and freedam of action. Jacob Brunowski, in his masterniece,
Science and Human Values, argues that the basic principles of scientific

inquiry as refined in the last few centuries are essentially the same princi-
ples of democracy — free and open inquiry are equally functional for science,
for technology, and for damocracy.

26) Technologies coexist. (a) New technologies are better only for a
range of problems and circumstances but not all. (b) Prior technologies can
continue to experience improvements. (c) New technology generally is being
improved in a way that cumlatively may be more significant than the "original
invention. (d) a/b do not negate the princirle that some technologies beocame
abeolete and are a technological dead end.

27) Reliability can be substituted by redundancy. Modern technology
generally have groater reliability (i.e., redundancy) than previous technology.
Evidence is overvhelming from data on famine, loss of life to natural disaster, etc.
Most critics of modern technology cite breakdown, that are not substantially
life threatening (New York City power failure) or theoretical possibilities.
28) Technological interdepenience or oamplimentarity in camplex
technology means that same improvements in the technology requires campli-
mentary advances in several areas. For example, fast moving vehicles, cars,
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trains, planes) need braking systems. Tool making has always involved the
Property of materials. In modern technologies, materials, strength,
purity, heat resistence, etc., havetobac:utedoomtpmpo-dm
can function.
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Attachment A

TECHNOLOGY AND EVOLUTIONARY PRINCIPLES OF CHANGE

The mainstream of economics has long considered questions of technology as
subsidiary to those of saving and capital formation. Bowever, in the last two
decades, the fesuze of technology transfer have become a major concern for those
interested in the prodlems of econocaic development 1in less developed countries.
Economists and others are now vriting about scale of technology, appropriate
technology, transfer of technology, and so on. This outpouring appears to
consider technological diffusion as largely a post World War II phenomenon. Of
course, such is not the case.

Throughout human history technological diffusion has been a regular and
isportant element {n the evolution of a people‘'s technology. The populations of
all cultures and places use o technology, although they, or their ancestors,
originated only a emall part. Technological borrowing incorporates the
creativity of the rest of the world. The procesa of adeptation in technologicsl
borroving 1s iteelf s form of inventive activity. Yet, little of the writing on
technology transfer reflects any attespt to gain understanding from prior
successes (and failures) in borrowing and using exotic technology.

In this chapter wa argue that the history of technology is replete with
insights which ytleld theories directly applicedle to the current presaing
problems of development. Ueing this historicsl bdase, we define the nature of
techaology in ¢ way that generates useful and practical concepts for thinking
8bout development snd for carrying out programs and policiee weing technologiss

to raise the levels of living for the world's population. Toward the end, the
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chapter suggests that some vievs of technology transfer are defictient {n
historical understanding and 1f carried through, have the potential for oyr-
tailing the long term processes of development.

Nov that technology policy has become & central dedbated issue among
edbnomists and other practitioners of development, the scope of discourse has
broadened enormously. Technology policy 1s no longer concerned almost
exclusively with expanding economic output. Issues concerning the selection of
technology and {ts impact upon Women, minorities, local, regional and national
identities, and upon the distribution of income have become as important as
economic efficiency and incresse in production. Concern has been raised about
adverse cultural change, deleterious environmental {mpact, and irrevocable
biological destruction,l The discussion of technologies has led to discourses
on future 1ifestyles, new eras or ages of human kind, and the exploration of
cosmic fssues such as the nature of life and physical processes. There are
calls for wmore spartan lifestyles, and the second lav of thermodynaaice
(entropy) 1s used to argue that affluence must Pass, as energy and rev asterials
for production inevitably aend ineluctably decline. Esphasis 1e placed on
renevability, consistency with nature, and living within enviroamentel limits.

Few would argue that ¢ {s not better to be discussing the non-econoafc
iwplications of technological change than to treat technology as mere gadgetry
and assume no other criteria for asssessment other than economic efficiency and

grovth ia output, Bovever, many of these “large {ssues” of blolo‘y and physice
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laa exemtnstion of the more catastrophic views that have been voiced over the
last two decades can be found in Chapter 11I.
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(entropy) appear to be questionable as to immediate development decisfons and

technology choices.2 The challenge to development theory and practice 1{s

serious and sufficiently videspread that 1t cannot be ignored or summarily
dismissed. The folloving brief exposition on the origins and development of
11fe is weant oaly to indicete that certain concepts about the use and

development of technology are not inconsistent with 11fe as we know 1t on this

planet.d That many of the critical episodes in the early development of life
bear remarkable (1f not superficial) resemblance to contemporary problems msy
provide useful analogies for understanding but does not close out inquiry
concerning the nature of our contemporary difficulties.

The earth vas formed about 4.5 to 5 billion years ago, and life {s believed
to have begun on it between 3.2 to 3.8 billfon years ago.4 The “life process”
can be defined as aiming at survival and doing this by extracting “energy from
their environment” and using “thst energy to make their own preeervation more

likely.” “The entire 1life process is aimed at safe reproduction because any

2Alon( the more recent books that attempt to use diology snd phyeics to create a
world viewv and to posit ineluctable forces that require small kinds of
technology and development strategies are Jeremy Rifkin, Entropy: A New World

Viev, Nev York: Viking, 1980, end Kirkpatrick Sale, Human Scale, New York:
Tovard, McCann and Geoghegan, 1980. A sample of the multltude of other sources
arguing this position can be found in the chapter on cstsstrophes.

3The doudle negative, not inconsistent, {s used deliberstely. To say that
development theory must be consistent with theory in biology begs the question
as to the relevance of theory in one inquiry to that in another. Obviously
development should oot threaten the existence of human life or 1ife in general.
Development theory should slso adhere to the basic criteris of the scientific
method common to sll scientific inquiry.

4Cyril Ponnasperuma, “The Quickentng of Life,” 1o S. Dillon Ripley (ed.), Pire .
of Life, Mew York: Saithsonian Exposition Books, 1981, p. 129; Rarold L. Levin,

rth Throughout Time, Philadelphia: W, 8. Ssunders, 1978, p. 249, and Mark
Washburn, In the Light of the Sun, Mew York: MNMarcourt Brace Jovanovich, 1981,
. 147,
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other target {s self-destructive."5 Another asuthor notes that "life 1s also o

chemical system that interacts with 1ts surroundings; after life originated, {t
had & rapid, widespread, and irreversible effect on the atmosphere, the surface

water, the soils, and the sediments. 6 Tne cheaistry of 1ife as we know 1t g¢
baded upon the almost unique bonding properties of carbon and 1ts ability ¢o

form with other elements complex organic molecules.’

“"Reduced to o fundamental definition, 1ife can be
vieved as a system vwith four basic components. The first of
these 1s proteins. Proteins are essentially etrings of
comparatively simple organic molecules called amino acide.
Proteins act o building materials and 88 compounds that
assist 1in chemical. reactions within the organisa., The
second of the basic components s nucleic acids, such as DNA
mentioned esrlier gnd ribooucleic acid (RMA). Oriunlc

phosphorous compounds provide a third component o ife.

They serve to transform light or cheamtical fusl fato the
energy required for cell activities. The fourth essential
for life 1s some sort of container, such as & csll membrane.
The enclosing membrane provides o relatively fsolated
chemical system within the cell and keeps the various
components in close proximity so that they may interact.8

The very nature of life iteelf necessarily creates stuff that we have come

to call wvaste and/or pollution. “Pollutiom is not, as wve are told, a product of

wmoral turpitude. It 1o an {inevitabdle consequence of 1life at work."9 Life

SMichael A. Seeds, Horizons, Belaont, Californias: Wadevorth Pubd. Co., 1981, p.
6.

63risn J. Skinner (ed.), Paleontology and Paleoenvironsents, Los Altos, CA.:
Villiem Kaufman, Iac., 1981, p. 1.

Tuicholas Rosa, “The Origins of Life,” Oceans, Vol. 13, No. 3, Sept.-Oct. 1982,
PP. 36-37 and Seeds, op. cit., p. 346,

‘h"‘. op. c‘to. p. 230,
9J. B. Lovelock, CAIA, Oxford University Press, 1979, p. 27 and pp. 108-109.
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takes energy from the environment end releases it in a degraded form, 1.e.,
entropy. Though the energy that passes through 1ife confirms the second lav of
thermodynamics (entropy) by passing out in a less usable form, life itself (as
msny have noted) 1s an islend of anti-eantropy in that it builds complexity. The
vdry chemfcal broccllcl of 1life involve the taking in of compounds from the
environment, breaking them down, using parts and expelling others. These parts
expelled can be defined as waste. Under other circumstances, the wastes of 1ife
can be, and in the past have been, a creative environmental factor for the
further development of life.

The first 1ife forms. developed 1in an atmosphere that was o
hydrogcn-beartng-rcduclng environment with a trivial or no amount of oxygen {n
1c.10 The pre-existing "organogenic elements with which the earth was
initially coated” were: "msethane, asmmonia, carbon monoxide, water, carbon
dioxide, hydrogen sulfide, and of course, hydrogen."ll wWithout an oszone layer
to filter it, ultraviolet light was bonbarding these molecules, converting them
into amino acids, sugare, nucleic bases, and other carboxylic acids."12 ,
oumber of famous experiments conducted this century bhave shown that organic
compounds could have been formed from the action of ultraviolet light upon the

early atmosphere of earth.l)

10preston Cloud, “Evolution of Eco-systems,” in Brian J. Skinner (ed.),

Paleontology and Palecenvironments, op. cit., p. 7; Lovelock, op. cit., p. 18;
oo Po : shburn, op cit., p. 144,

llMelvin Calvin, "Cheatcal Evolution,” in Brian J. Skianer, Paleontology and
Palecenvironments, op. cit., p. 21,

1210¢. ett.

1300 the experiments of A, I. Opsrin and J. N. S. Haldane and others, see David

C. Saith (ed.), Camdridge Encyclopedis of EBarth Sciences, New York:
Crown/Cambdridge versity FPress, .
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These early life forms are part of the large category of procaryote. They
were unicellular and reproduced by cell division. They were heterotrophic 1a
that they could not msnufacture their food and were forced to live off already
existing organic materials. Thess organic compounds were couverted into energy
by‘ih-icnl processes of fermentation. These 1ife forms were asnerobic, msaning
that not only could they live without the presence of free oxygen; an oxidizing
environment would have broken down the chemical composition of 1life as it then
existed.

A system of life consisting eatirely of heterotropes is inherently limited
and theoretically doomed to extinction. Mo matter how large the pre-existing
stock of organic compounds was (then food), the procaryotic 1life forms would
have eventually exhausted thea. Some new organic compounds were probably being
created, and living cells were undoubtedly consuming other living cells, as they
have been doing ever since. Further, sny oxygen buildup fn the upper atmosphere
in the fors of ozone would have begun to shield out the ultraviolet rays that
created the organic foup that fed 1ife as 1t then existed. Thus, the ozone
layer that was later to become the protector of 1ife vas initially an agent for
the destruction of the food supply.

The first food crisis was resolved by the evolutionary processes that led
to the creation of photosutotrophs 1n the form of photosynthetic procaryotes,
possidbly as early as 3 bifllfon years ago.lé , photo-autotroph 1s a life fora
that can use the sun's 1ight (1o this case the most abundant wevelengths) to

convert carbon dioxide and water into glucose (as a storehouse of life's energy)

2004044 RAANRARY

léLevia, op. cit., p. 252.
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and oxygen. This process 1is written in wmoet basic worke on the subject as
6 C02 + 6 Hy0 sunlight CeH)20g + 6 0.  When organiems take in oxygen to “bura”"
their food (glucose or the CeH)206 in the above equation), they reverse the
process and acquire emergy for living.l5 ¢ g6 chlorophyll {a the organiem
that retains light and allows ite energy to be used.l6

We humans frequently find that when we solve one probles we at the same
time create another. Progress in the human endeavor 1s wost msaningfully
defined not in terms of the ultimste or final eoluti.y of problems but in
creating smaller or less important ones than those we solve. In life, the
development of photosynthesis 4among procaryotes meant the generation of more of
that deadly, life-threatening substance, free oxygen. Initially, there were
large smounts of oxygen acceptors such as ferrous iron that could serve as an
oxygen eiok, keeping atmospheric oxygen down to tolerable levels.l?
Eventually, the most readily accessible oxygen acceptors acquired a full
complement of oxygen, and oxygen began to build up in the atmosphere.
Meanvhile, procaryotic 1life was retreating to environments protected from
death—dealing oxygen. The reducing environment becams an oxydizing one. This

process may have taken as long as a billion years.l8

15Various alternative fermentation processes were poseible in the earlier 1life
forms to bresk down the pre-existing glucose by fermentation to generate energy
fa an oxygen free environment.

16mobert Cerols, “Sunlight to Sugar,” in S. Dillon Ripley, Pire of Life, op.
eie, o PP 128-132,

17Cloud, op. cit., p. 11; and Levin, p. 2%2.
18Cloud, p. 11.
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About 1.3 to 1.6 billion years ago, a nev 1life form appears, the
eucaryotes.!9 The firee Gucaryotes were photo-sutotrophes like some of the
prokaryotes. Their wmost fmportant characterfistics 1n the centext of chie
anslysis were that they were assrobic orgenisms. The ozone layer that prevented
the® creation of organic soup now shielded and protected the new life forw. The
free oxygen in the environment that was destructive to procaryotes became a
vital component of the new 11fe processes.

If prevailing theories are correct, life on earth overcame the food crisis
and then s toxic oxygen crisis by evolutionsry changes. There is oothing {n
these theories that argues that the evolutionary changes had to occur. They
did. If they hadn't, we wouldn't be here to write about them. And ft f¢ oot
beyond the resla of poseibiiity thet elsewhere in the cosmos (once or many
times), simtiler biological challenges were faced with extinction occurring fn
some instances and diverse successful options pursued in other fastences.

The emergence of photosynthesis and eucaryotes had other evolutionary
advantages than mere eurvivel. Photoeynthesis is a more efficient coaverter of
1ts fuel fnto evergy.20

This greater snergy efficiency created surplus esergy end opened up new

evolutionary possibilittes.2l Utilizetion of oxygen allowed for the

19Cloud, p. 13.

20Greater emergy officiency 1s a defining characteristic of evolution to ome
author. “Siace 1ife thermodysantcally s aa open systea, in all theories on 1%9
origin, the energy source geine firet importsnce. Other things bdeing equal ...
evolution ... primarily should be roportionsl to the eum of ener
8808 wait.” (euthor's ag ter or, pling te netgy!

asitised Photoresctions ~— The Primary Source of Se!f Orgsnisetion” is
Yocheskel Wolamen, Origin of Li:e, Dordrecht, Mollend: 9. Reidel Pudlishing
Compaay, 1981, ». .

2lLevin, pp. 252-29).
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colonization of 1land. Sexual differentiation and aitotic cellular divieton
opened possibilities for genatic varfation and the acceleration of evolutionary
cluuo.u To eurvive (in some cases to the present), W80y procaryotes
established symbiotic rolcttoaohlpo vith (or within) tucaryotes. According to
Margulis, ‘the aerobdic sstabolise and genetic systems of these ‘higher cells’
led to the eventusl dominance of the most complex eucaryotes, the ®stasocans, and
the green plants~.23 ,pour 600 million years ago, eucaryotes with “hard
coverings and skeletons in o muaber of animal gToups” evolved and with thes “the
foesil record proliferates.24 Afeqr about 3 bdillgion years of evolution, 1ife
@8 most of us nonbiologists tecoguize it took hold tn the form of mlticellular
plants and asnimals.

There are & nuaber of lessons for development or at least fnsights into the
process that we cen derive from the study of the development of 1ife:

1) Life as ve nov know 1t created the conditions for 1its own existence
vith the esstetance of early 1ife forms. This is, in part at least, the GAIA
hypothests of J. E. Lovelock.2S As we shall note below, humsns have
complemented the 1ffe sustaining conditions through the development of
technology that has turned enviroaments into hadbitability for their kind. Ia
®wost humsn haditats, the conditions for even bare exietence, let alone the level

of existence or the population density, are dependent upon humsn modiftcation of

22ugehbura, p. 1513 Levin, pp. 252-233; Cloud, P 137; end Skinmer, p. 1.
iyns Margultis, "The Origine of Pleat sad Antmal Cells," ta Skinmer, p. II.
d4gkinaer, p. 1.

230p. ete.


http:Lovelock.25
http:proliferates.24

62

the environment with technology.

2) What sppears to be fixed, absolute limits to development can be
overcome. There were food oupply and pollution crises {n the pPast. VUe obeserved
hov life overceme them and established & nev framework for growth and change.
Slﬁl.rly. in the human endesvor, we will ghow throughout this book how science
and technology have now and in the future overcome berriers to development., Por
the 1life process, we cannot assert that these limits necessarily had to be
overcome, merely that they were. It took time (1o some fustances, eons) and
poseidly luck. Por humans, technology hes poseidilities for future probdlea
solving that are neither cartain nor sutomatic. It requires the application of
effort and fntelligence. The oanly point here (which shall be reitersted later)
ie that apparent limits to grovth should not be used as o device to close out
iaquiry or foreordained technology and development strategies.

J) Eatropy or the Second Lew of Thermodynaatice applies only to cloeed
oystems. Thus, 11fe as & whole 1e definsbly an fsland of anti-eantropy. As long
88 there {s availgdle energy outeide the 1life eystem, then there fs the
continued poesidility to move {n the direction of greater complexity and
diversification. Obviouely, all technologies, large scale or emall, are sudject
to the laws of thermodynamice. Cleerly, {f current theories are correct,
entropy as applied tn the known univeree vill mean pleying out the aveilable
energy eources in the far distant future. BEatropy in this larger sense cannot
be weed as an argument for certain kinde of technologies over others. As
Lovelock hae correctly sad beasutifully oteted, “the death sentence of the Second
Lov applies ouly to 1identities, to closed oystems, could be rephrased:
"Mortality e the price of fdentity’ ... Io the end, the sun will overhest end
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all life on earth will cease, but that may not happen bdefore several more eons
tave passed. Compared with the lifetime of our species, let alone that of an
individual bhuman being, this time span s no tragic brief spell, but offers
almost an {nfinity of opportunities to terrestrial 11fe.~26

4) The life process iteself produces wvaste. Again, as lovelock g0
poetically states, “The firet appearance of oxygen in the air heralded an almost
fatal catastrophe for 11fe~ but "ingenuity triusphed and the danger vas overcome
see by adapting to change and converting a murderous fotruder into a powerful
friend."27 Joha Devey has described a similar process in the human enterprise:
"Man who lives in a world of hazarde 1s compelled to seek for security.” Oune
course “i{s to iovent arts and by their means turn the powere of nature to
account; man constructs a fortress out of the very conditions and forces which
threaten him."28 Science and technology are the msans by which bumans turn
adversity to opportunity. Again, we would not want the statement on the
possidbility of eolving today's enviroosental probleme through technological
change to give rise to complacsncy or the polysoish belief that techmology will
automstically solve our prodblems. Whils the “"dlind" forces of evolution ||y
have solved the prodblems of eons ago, today our time frame {s shorter end
concerted organized intelligence must rise to the tasks st hand.

5) While the 1life process on earth msy have crested the conditions for

26Lovelock, p. 125,
27p. 31.

28pevey, The Quest for Certainty, Mew York: Capricorm Books, 1960, reprint, p.
1.
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ite own existence, “nature” 88 popularly used (presusably ®eaning the ecosystes
apart from humans) 1s not "friend” to any particular species or group of
organiesms. Again, from Lovelock we learn that “by far the wost poieonous
Substsnces known are natural products™ with Some of the most deadly being
“edtirely organic producte and but for their toxicity would be suitedle
candidates for the shelves of the health food store."29  Nature can mesn
climatic variability — droughe, floods, disease, and other natural disasters.
Nature fs! And 1f we humans sodify 1t to suit our purposes, as we do by merely
existing, we must do so with care and with foresight, based upon our scientifie
konowledge.

6) There appears to bde a oimilarity, probably superficial, between
biological evolution (discussed above) and the technological evolution diecussed
at the end of this chapter. Certainly, ocae cannot rigidly epply the rules
derived from the study of one of the processes to the other. However, the
simtilarity doee raise further Questions as to the thesis of incompatibdilicy
between technology and continued human 1life. Both processes move from the
simple to complex, though some simple forms contioue to exist. Both processes
8eem to accelerate through time. Roughly 2 billton years or over half of life’s
existence vas limited ton simple procaryotes. Bucaryotes have existed for less
than half, sbout 3/7's of 1ife’s existence. Over 2/)'s of this time wes prior
to the crestion of hard surfece or skeletal crestures. This latter group, then,
has ouly existed sbout 1/7 of 1ife's time on this earth. Cowparable retfos for
buman techaologies will be given later in the chapter. And moet evolutionary

Lovelock, p. 109.
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processes appear to be largely trreversibdle.

7) That 1ife created its own conditions for existence reinforces the
essential {rrevereidility of the evolutionary process. Technology te aleo
essentially {irreversidle in that we have adapted our lives to {1t (population
density, etc.) and by having used certain resources have probably closed the
option of ever trodding the seme path of evolutionary change sgain. Like it or
not, 1f we humans are to survive on thie planet, 1t will be by carrying forward
the scilence and tachnology that we have. As Ross pute it for biological
evolution, the “buflding blocke" of 11fe, 1.e. msthane, smmontias, etc., are “used
up®. “Conditions are oot the same as vhen 1ife asrose the firet time. The niche
for naive 1ife fe closed and all 1ife today fe boram of exieting 1ife."30 Ve
aight add that all technology e borne of exieting technology and the niche for
naive technology e closed.

We have thue far looked at various epieodes in life's history in an attempt
to gein understanding of curreat development processes and to ratse queetioas
about development theorties besed upon biological ergument. The events which we
have been diecuseing took place over the course of two bdillfom or mOre Yyeare
from the probadle origine of 1life to the developsent of life forms with
skeletons or hard exteriors asbout 600 uaillion years ago. The epilsodes of
relevance to our ioquiry to which wea mow turn took place over the last few
aillion years. These are the tools, langusge and the evolution of buman beinge.
Some of the tool using end oigualing behavior that we will be descriding for

animals other than humaas msy have origias much earlier than s few million yeare

’ob.l. . 3.



8go, though asll our evidence on thig behavior 1s from recent obeervation, The
human part of our story begins about 4 aillion years 280, tool using humang or
proto-humans began about 2.$ aillion years ago and language development prodably
well within the last aillion years.

Animals of Ra0y species from insects to primates use tools Juet o9 they
communicate with others of their species. A burrowing wasp disguises her nest
by pounding the ground emooth with o pebble hammer that she holds in her mouth,
Sea otters use rocks as anvils to help them open shells. And beavers, wrking

in groups, construct large and tntricate dans. 3!

The most striking observetions of tool using animals are those made by Jane
Goodall of Eaet African chimpanzees.)? These chimpanzees use tools for esting,
grooaing and fighting. The chispanzees' tool use 1s unlike other species'
because the chimpsnzees Spparently are not using tooles in the “stereo-typed
Sequence of movements” observed in other animals, but rether the young lesrn ty

observing their elders.3) 34 , hungry enimal picks Up or breaks off g stick

Jlo.klcy. Keaneth P., “"Skill a9 8 hman Possession,” 1n Singer, Charles,
Bolmyerd, E.J., and Hall, A.C., eds., A l.lotogz of !‘cchuolo‘z. london: Oxford
Universicy Press, 19354, PP. 1-37.

”Goodcll. Jene, "My Life Among the Wil4d Chispansees,” Nattonsgl Geogrephic,

August 1963, PP. 272-308 (first observed use of tools by uon-human saimals),
Goodall, Jene, Ven Lavick, Nugo, "New Discoveries Among Africa's Chimpanzees,"

National Geographic, December 1965, pp. 802-811.

”Lucutcr. Jeoe B., "On the Rvolution of Tool-Using Behavior,” Aserficen
hthuelg.lu. February 1968, vol. 70, No. 1, pp. 36-66.

e behavior Goodall observed s sot common to all chimpansess. See Niehids,
Toshiseda end Ushars Shigeo, “Chispenzecs, Toole, and Termttes: Another Example

from Teassnia,” Curreat Anthropology, October 1980, pp. 671-2, Nishide end
Uehara sote thet some ternite utiu chizpansees do not uee prodbes. The use of
prodes seoms to depend on the availedilicy of tool asterisl and the “termite
1ife-style”. Aleo see Kitshare, Prieoh J.y “Apes and the Making of Stone Age

Tools,” Curreat Mthrmlg‘z. July i380, p. 399,
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or blade of grass and carrtes it tome distance to a termite hill. There, after
knocking off the top of the hill with his hand, the chimpanzee takes the etick
and dangles 1t down an exposed tunnel. HMe draws tt out and picke off the
clinging termites for his dinner.)5 Later, the same chispansee may crumble and
chev leaves into o spongy mase vhich he uses to 80p vater out of a stump for gn
after dinner drink.36 These actions clearly fanvolve intelligence and
foresight. The rocks the stick and the sponges are used as toole. Sometimes
acquired before the eod use is in eight, they make the Jobe of getting food or
protecting the young easier. Hovever, 1t can no more be argued that these
animals have a technology simply because they have tools, than it can be argued
that they have a language because they signal to one another.

The vocal and nonvocal signalling systems of animals indicate both feeling
and tnfom_tton. These are not language but “innate movements snd sounds for
expressing feelings ... [and] fnnate wvays of reacting to these signals."3?
Bees dance not only to fudfcate s nev nectsr find, but also its location. The
closer the nectar, the faster the dance. And any hive meaber witnessing the
dance knows exactly what course to pursue.)8 S{angse fighting fish tdentify
the sex of another by its reaction to the opening movements of what may be a

dance of love or a dance of death "not simply by seeing it but by watching the

)w.ll. 1963, op. ctc,
¥Coodall, 1963, op. cit.
3iorens, Conred 2., King Soloson's Ring, New York: Time Iac., 1962, PP. 27-30.

”lochtt. Charles 7., "The Origins of Speech,” Scientific Americen, Septemsder
1960, pp. 09-9¢.



http:pursue.38

68
vay 1o which it responds to the severely ritualized, ioherited, {nstinccive
msovements of the dancer.")9
Vocalizing animals call to each other in many ways: defiagce, warning, or
greeting. The termite fishing chispanzee has & range of calls that the other
chimpe uaderstand.40 Many birde have complex codes that others in the species
Tespond to even when they have not heard them before.4l  Such stgnals are

automatic and unemotional, {unate and not learned. They do not rise from the

consciousness of the caller.

All expressions of animal emotions, for instance, the “"Kia®
and “Kisw" note of the Jackdav, are therefore osot coaparable
to our spoken language, but oaly to those expressions such
80 yovning, wriokling the brow and saniling, which are
expressed unconsciously as fanate actions and also
understood by a corresponding inborn mschanism. The "words"
of the various animal “languages” are msrely
faterjection.42
These signals are signals because their context is already known. They are
restricted to particular situstions. Novelty, it it exiets, consists of a
l1imited range of information such @8 direction to food sources or location of
dangers. Beyond this, these systems ere closed. A nev experience csn not be

shared.4) Muman language 1o open-ended; it s continuocusly able to generate

orens, op. ctt.

40Goodall, 1963, op. cit.
liorens, op. cit., pp. 89-90.
421014,

3nockece, op. eft.
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nev combinations of ideas. Any sentence can by a combination of words never
before used together and, yot, a group of 1listeners can understand ¢,
Purthermore, language can be used reflectively. As linguists state it, oaly
bhumane using language can talk about talking.

So, when we talk about a language — Englieh, Freach,
Russian, Sanskrit — we refer to 8 process rather than to a
thing .... It s best to regard the language as a groving
corpus of worde and etructures vhich nobody can know
entirely but upon which anybody can draw at any time -- g
sort of unlimited bank account. It s oot just the sum
total of what has been spoken and written; it e also vhat
can be spoken and written. It is sctual and potentisl. In
another sense, it is a code alveys ready for individual acte
of encoding.é4

Taken alone, tools and signals are static. Humans use them and generate
the dynamic processes of technology and language. A etick for the East African
primate has an end-fn-view and 1itse usefulness essentislly terminates there.
When humans have a tool, they find new uses for it, or they combine it with
other tools to serve new purposes. The usefulnees of a tool goes on and on,

In the eame way as language, technology ts dynamic and open-ended. They
are both sudject to change and modification. When we confront a new prodlem, we
can use existing worde to create the sentences to describe it and discuse ic,
vhile we use existing toole to create the ones that will solve f{t,

The dyanaatcs of tool using and of open-ended language are a function of the

evolutionary process from which huasn beings emerged. During the course of this

44purgess, Aathony, Language Made Plafn, Mev York: Thomas Y. Crowell Company,
1965, pp. 16-17. “Muman language can be reflexive becsuse the humsn brafa te
ceapadle of “eelf exsaination.” “The human brain fe the omly orges om serth that
1s avare of ttself.” Robin Marsats Renig, “Where Surgery Meets the Soul,” a
book reviev in The Vashington Post Book World, Vol. XIII, Ro. 16, April 17,

1983, p. 1.
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process, an interaction occurred between tool using and biological evolution in
& feedback mechanism that provided a non-teleological direction to change.
Currently, there 1s some dispute as to the age and significance of certain
skeletonal remains. For the purpose of our analysis, we need not be concernad
abost larger structure or the time frame of this transition. If indeed Lucy 1o
4 milltion or more years old end 1f the find 1s an important differentiastion from
the primates, then tool using was not a critical differentiating causal
factor.43 1f ¢ne important transitions came later, on the order of about 2
aillion years, then the ioteraction with tool using was an important component
of this critical differentiation. Even those who argue for the early origins
tecoguize the importance that tool using began to play in the evolutionary
process about 2 million years ago.

The feedback mechaniem ss described by Sherwood Washburn is basically
simple.46 A3 proto-hominids began using tools, there was a selective survival
advantage in the group that had greater biological capacities for tool using.
These characteristics sre ®sny and include the size of the area of the bdrain

that controls the hand (1n particular the thumd).4? A3 members of groups, or

450n Lucy, see D. C. Johanson and M. A. Edey, Lucy: The Begionings of
Bunankind, New York: Simon and Schuster, 1981, Oo some o the controversies of
zoun( this discovery, see Roger Lewis, "Poesil Lucy Grows Younger, Again,”
Science, Vol. 219, Mo. 4580, 7 January 1983, pp. 43-44. See also Prances RB.
rown, “Tuls Borluff at Koobi Yora,” correlazed with $1d{ Eakoms Tuff at Radar,
Nature, Vol. 300, No. 5893, December 16-22, 1982, pp. 631-633, and N. T. Boas,

o Co Nowell and N, L. McCrossum, “Faunal Age of the Usno, Shungua B. and Nadar
Foruations, Ethiopia,” Mature, Vol. 300, No. 3893, December 16-22, 1982, pp.
633-638.

463¢e Shervood Washburn, “Tools and Buman Bvolution,” Scientific Amarican, Vol.
203, No. 3, September 1960, pp. 63-75.

473¢¢ Washburn, 1loc. cfe,
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@8 groups within the larger population, that had greater capacity for tool using
survived and bred, the Population in genersl had a wore favorable get of tool
ueing traits. Any randoas changes that favored tool using would be likely ¢o
survive and spread throughout Succeeding generations. As these trafce ware
intensified, ¢ would isprove the Population'’s ability to make end use tools,
This greater physiological (which includes the brain or mental capacity) abilicy
for tool using, combined with the nature of tool using fteelf (described later
in this chapter), gave rige to nev and fmproved tools. These improvemsnts {n
tools and tool use then feedback t¢o give further selective advantage to those
members of the population vith improved capabilities for tool using.48

As this iateractive or feeddack process continues, hominoids or
proto-hominids evolve iato hominids and the process of tool using takes on the
open endedness of tool combining and becomes technology. Throughout this book
ve will stress the importance of understanding the context or ecology which a
technology operates. The Preceeding 1llustrates aen isportant compounent of
technology, which we sometimmes forget because of {tg universality, the
physiological characteristics of the creators and operators of the technology.

The larger ares of the human brain that controls the hand, controls o truly
marvelous mechanisas, Bernard Campbell has 8 delightful description of the hand

that deserves to be quoted at length:

Not needing our hands for support, we have been able to

use thes for more complicated and more creative tasks. With
tventy-five jotats end fifty-eighe distinctly different

®otions, the human hand represents one of the most advanced
sechanisas produced by nature. Imagine o single tool that

48An excelleat description of this positive feedback mechanism with an equally
outstanding diagrammatic 1llustration of 1t can be found ta Bernard C. Campdell
(ed.), Numankind Eserging, Boston: Little, Brown and Co., 1982, pp. 218-219.
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can mset the demsnds of tasks as varied as gripping o tool,
playing o violin, wringing out o towel, holding a pencil,
gesturing, and — something we tend ¢o forget — simply
feeling. Por, in addition to 1t ability to perform tasks,
the hand s our prime organ of touch. Ia the derk or around
corners, it substitutes for sight. In o way, the hatd hag
8n advantage over the eye, bescause it ¢ o sensory and g
manipulstive organ combined. It can explore the envirooment
by means of touch, and then ismedistely do something about
what it detects. It can, for instance, feel around on g
forest floor for muts and roots, seize them oa contact, and
PopP theam into the mmouth; when your eyes read the end of
this page, your hand csn find the corner of the pege and
than turn {t¢.

The hand {tself msy be a marvelous tool, but it s used
to full value only when {1t menipulates still other tools.
This capacity s o second-stage benefit of upright walking.
With our erect posture, our hands are free; with hands free,
¥a can use tools; with tools we can get food more easily and
exploit the eanvironment in other ways to ensure our
survival, Bumans are not the only aenimals that eaploy
tools, but they are the oaly ones that do so to any great
exteat and with sny conststency.49

Campbell also suggests that the larger bdrain size enhanced the capabilicy
for atteation Span and memory.50 Ty, greater capacity for asmory would
facilitate the cumulation of knowledge including the knowledge of tool making
and tool using. Individual and §TOup mewory would be the key component in the
cumulstion of knowledge and culture until this process géve rise to extrs
Somatic msans of cumulation {n the form of writing.5!

The “total 1ife-way" of tool using bhuman being crested what C. Loring Brace

ARARRRARNNARNRY

491b14d, p. 47.
301814, p. 311.

3l1¢ has been argued that the lerge human bdrafn is “energetically expensive”,
and that 1ts evolutios was only possible because of o generalised and energy
rich diet that resulted frog simple technologies such as the digging stick to
gein access to “esergy-rich tubers" and from hunting. Roger levin, “Bow Did
Numans Bvolve Big Braine?” Science, Vol. :l¢, May 1982, pp. 540-54].
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calle a “cultural ecological niche".52 This complex of humans and too] using
is an extraordinarily successful adaptation. The dynamice of culture and the
tool using part of this complex has allowed humans to spread acroes the globe
and live in a vast array of climates and conditions without the necessity of
biological evolution. This global dispersion has been taking place for well
over 100,000 years and in & manner that 1s unique fn life history, without
speciation. Based upon the “competitive exclusion principle” (1.e. "that no two
organisms can occupy the same ecological niche"), Brace argues “that there has
besen only one hominid species at one time, and that the hominids of different
time levels are linearly related."S3

Thus far we have concentrated oo the interaction between tools and human
evolution. The very concept of evolution has gendrally implied continuous
change though there s now a school of evolutionary theorists who believe in
periods of rapid changes and loong periods of species stability.34 whether and
to what extent humans are stfll evolving has become clearly secondary to the
question of technological evolution and cultural change. Once primate evolution
crossed certain thresholds, their further biological change became increasingly
less significant in explaining the development of human cultures, techmology and
civilization, By the time of the emsrgence of Howo sapien/sapien (circa

30,000?? years ago), further blological evolution {s of virtually oo

32C. Loring Brace, The Stages of Buman Evolution: HBuman snd Cultural Origins,
Raglewood Cliffs, New Jersey: Prentice-Nall, 196 s Po .

330c. ctt.

543¢e Steven M. Stanley, The Nev Evolutiona Tisstable: Possils, Genes and the

Origin of Species, New York: Basic Books, 1981. See aleo the regular coluan of
Steven Jay %!l in Natural Ntestory magasine. Their theory of rapid change s

called Punctustional Evolution,
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significance for cultursl end technological evolution.

RBuman culture has been called o Superorgsnic phenowenon to emphasige ite
distinctaess and independence from organtc evolution.33 Some have taken what
they perceive to be the lavs of biological evolution and applied thea to
culgural evolution.36

There are thoee who object to these conceptions of cultursl evolution but
nearly all sathropologists accept the ides that cultursl development and
differentiation e not dependent upon further human evolution and probabdly has
not been for at least the last 100,000 yesrs or ®ore. In fact, Robert Lowie
quoted E. B. Tylor on culture being “capabilities and hadite acquired by msn as
8 member of eociety”, end Lovie had culture include “all these ... in coatrast
to those numerous traits acquired othervise, oasely by blological heredity. =37
Bovever, as we shall note below and throughout the text, the developaent of
culture and technology involves continuous interaction with the biological reala
in genersl and with evolutionary change, in particular, of plants and snfmsle.

One anthropologist, Walter Goldechmidt, has defined technology as the
“learned msans by which men utilizes the eaviromment to satisfy his animsl wente

and cultural desires.” It fe then, 1o effect, s prodles solving process.38 e

33See A. L. Kroeber, "The Superorgantic,” American Anthropologist, Vol. 19, No.
- April=June 1917, PP. 163-213.

363¢¢ Leslie 0. Whitee, The Rvolution of Culture, New York: McGraw-Rill, 1959,

sad Marshall D. Sshleas end Elasn R, Service (eds.), Rvolution and Culture, Ann
Arbor: Uatversity of Michigan Press, 1960, for two ear y e ¢ examples of
8 voluainous lite:ature.

5700bert Lowie, An Introduction to Cultural Anthropology, Xew York: Rimehart
aad Co., 1940, p. 3, fcalice ours.

S8ualeer Goldechatide, Man's Vay: 4 Preface to the Understarding of Buman
locutz. New York: Rolt, Rinehart eand Wineton, 1967, p. 110,
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will use thet o o prelimtinary definttion, As we discuss Particulgr
techaologies throughout this chapter, w wil} refine, extend and clarify chie
definittion. Tool use, like signaling, ts videspresd in the anfima) kingdom. The
uniqueoess to husana of technology 1s that ¢ 1e productive, open ended, and
therefore inherently developmental,

Nov long humans have been humans ¢ Watter of definitfion and of
scientific debate. The numbers can renge from 300,000 years 1if one uses
evidence of language to several uillion yesrs 1f oae uses ainimsl physfological
criteria. Cohen refers to the “four aillion year history of Rowo sspiens.”39
Most of the larger figures refer to the formation of the femily Nomintdes (1.e.
Sominide), eand as o subgroup of the super-family Bominordes (1.e. Hominoids ).60
Purther, for 99 perceat of hie existence, msn (i.q. ‘hominids) has been hunter
and gatherer “tfed to the seasons of vegetative food or movemsnt of gsme” and
vith the exception of fire, had “no power beyond that of hie body. 61
According to Lee and DeVore

Cultural Man has been on earth for some 2,000,000 years: for
over 99T of this period he has lived o o bunter gatherer.
Only {n the lest 10,000 yesrs has men begun to domesticate
plants aend snfmsle, to use metals and to harnees energy
sources other than the human body.... Of the estimeted
80,000,000,000 men who have ever lived out a 14fe opsn on
esrth, over 90 have lived a8 hunters end gatherers; about

6X have lived by agriculture and the remsining few percent
have 1ived 1n {ndustrisl socsettes. To date, the hunting

3%ark Mathen Cohen, The Food Crises in Prehisto

Origios of Agriculture, Newv Naven:

$OMeny of the quotes below APpear to use the terws Bominid aad Bumas
inte rchaageably,

6lprien N. Vagan, People of the Barth, Boston: Litele, Brovn & Co., 1980, p.
148; (firet quote) and Robert 7. C. Spter, Prom the Nend of Man: Priaictive end
n

Preindustrial 'hchnolg.lu. Boston: Roughton, oy e Pe Vo
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vay of 1life has been the W08t successful and persistent

8daptetion man has every achieved,62

Whatever oumber s uged 88 & base, the vast msjority of the time that
bhunsns have had tools they coansfeted largely of besic stone tools that define
vhat we call the Paleolithic and che generally very short period of ¢he
Mesolithic. Wumsns are considered to have been tool users for at least 22
aillfon yesrs.

At one time, archaseologists referred to eoliths (or dewn stooes) .63
Bolithe were presumadbly stome tools that were d1fficult to distinguish frog
markings of stones from streams or glacial creep. Another author distingutishes
betwveen naturefacts and artifacts. Naturefacte are “objects extrected from
their natural setting and subsequently used without modification, “64
"Artifacts are forms created by vithdrewing materiale from their anstural setting
ond modifying thes in trifling or remarkadle vays."63 iMost of what we observe
8¢ tool using among non-humans are asturefacts. MNsturefacts usy hsve been the
firet tools used by humans but virtually by definition, 1t's next to impossible

to verify or faleify thie epeculation. The tool evolution that wve are

62R. B. Lee and 1. DeVore, “Prodlems fn the Study of Buaters and Getherers,” fn
Re 5. Lee and 1. DeVore, Msn the Runter, Chicego: Alfne Press, 1968. Quoted {n
Jeck R. Barlea, Cr a, eon, Wiec.: American Soctlety of Agrooomy,
Crop Science Soc ety of America, 1973, p. 4.

63ge¢ Bobdert J. Sraidwood, Prehistortc Man, Cleaview, Il1.: Scott, Poresman &
Co., 1964, p. 33. Tte ters {s no loager wvidely wsed.

64uendell . Osvelt, Nabitat and Technology: The Evolution of Munting, Mew
York: Molt, Rinehart end Wineton, 197), pe 14,

31014, pp. 17-10.
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describing below e artifactual in character because all iavolve tdeas that are
used to traneform the material world and not merely extracted from {it.

Andre Lleroi-Courham describes a series of eteges in human tool making,66
The firet twvo etages of thie taxonomice echeme consiet of core etone tools
(pebble toole as they are called) and flaked otooe tools. Both of them are made
énd not merely found.$7 1 ne third otage of Leroi-Gourhsm's claseification 14
6een a8 “a major etep in the history of the human race ess for it served as the
foundation for the conditions of technological development until the eppearance
of metallurgy."68 1n chie otage, the techaiques of the Previous two etages are
combined in that a etone core 1s firet worked and prepared and then the desired
tool fe flaked off from 1:. “Production begins with o core, or nucleus of raw
msteriale, as before, and 1te end reeult 1s & kind of surface that 1
dieeymmetrical tn thickoess and has the shape of & tortotse's ohell."69 1n the
fourth etage, these techniquee are used to create 8 vide range of tools, {i.e.
“ecrapers, grovers, drille, and blades."70

In the third and fourth otages, tool using gives riee to technoligy (by our

definition). Tool making becomss combinational and wore rapidly cumulative.

66Andre leroi-GCourham, "Primitive Societies,” 1n Maurice Deumss, A Retory of

Technology and Iavention: Progress Through the Ages, Vol. I The Origine o
. ﬁnmuy’. Nev York: Crown

678¢¢ Bobert J. Breidwood, Prehistoric Man, Gleavies, I1l.: Scott, Poresman &
Co., 1964, p. 33.

81014d., p. 22.
%L0c. cfc.

701b14., p. 24.

—=10020f1cal Civilisetion
Publishere, 1969, PP. 21-25.
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The tool making techaiques “require o vell developed feeling for the materisl,
Some preconceptions of the desired tesult, end s manual okill chat would not be
deduced from an exsmtnation of the maker's crantum.-’! Lerot~Gourhem'y
observation here briags out two other charactertetice of technology. One thee
al} toole and technologies tavolve 1deas OF “preconceptions” and that even
seeningly simple stone tools involve g complex fnteraction between okills, deas

and materfals. It is che replication of preconceptions in a series of toolse

that allows archaeologists to define tool traditions,’2

The “mastery over aaterisls” charactarized what is called the Upper
Paleoclithic. Nev materfsls were used 1n cool asking.?) “Artifacts of
Complicated forms were Vrought {n bone antler and ivory by o combination of
saving, splitting, grinding and polishing, By now, tools were ot ounly used to
aske implements {n the sense of end producte, such ag asat kanives or opears, but
Wany tools were made which were tool-making tools, Thie te good evidence that
the hunter-crafteman vas shoving considerably graater forestight, and no longer
vorked msrely to ostisfy immediate ends."74 Just as esrlfer different waye of
making tools were combined to make better tools, mev toole were created oo

compoeite tools or as 4 coabination of existing tools. The use of those new

71!.1‘.. p. 2).
T2g4¢ Sratdwood, op. ctc., p. 40,
737agen, op. cit., p. 101; end Kenneth p, Oskley, “Skill a0 & Buman Possession,"”

Charlee Singer, . J. Bolwy and A, R, Nale (eds.), A Rioto of Technol
fires, New York 2: Tondon: 55«4

fa
Vol. I, Prom Rarl Time to Pell of Ancient
4, p. 32. ote trom Oskley.

Usiverettcy Prese, 195
T40ek1ey, op. cit., pp. 32-39.
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tools involved the application of new principles of wmwachanice and pover.

According to Kenneth Oskley:

Originally all toole were grasped in the hand; the firet
otep tovards s wmechanical davice was hafting. In Upper
Paleolithic times, men were beginning to apply mechanical
principles to the movemsnt of tools and veapons. Spears
were launched with throwers vhich, working oan the lever
principle, increase the effective propelling power of o
asn'‘s asrm. The bov was {nvented late in this period,
probably in Morth Africs. It was the firet wmeans of
concentratiaog muscular energy for the propuleion of aen
arrov, but {t was soon diecovered that it aleo provided a
means of tvirling a etick, and thie led to the invention of
the rotary drill ....

A greater variety of toole allowed for more {ntensive explofitation of new
environments.’3 Clothes msde from skins and fire allowed husans to move out of
the tropics fnto the colder climates of the Late Pliestocene. This northward

sovement began earlier with the transition from core tools to flake

induetries.’6 , variety of materials became resources for human use.

Bone and ivory bodkins, bone needles wvith eyes,
belt-fasteners, and, rarely, even buttous have been found in
Upper Paleclithic sites. Carved representations of clothed
figures ... show that these hunters wore sewvn oekin garwents
wvith fitting sleeves and trousers. These greatly incressed

their efficiency in the very cold wvinters that they had to
endure.??

13r0r an anslyeies of the way that new tools allowed bumsns in Africa to expand
€0 nev envircamental froatiers, see Thomss R. De Cregori, Technology and the
Economic Development of the Tropical Africea Proatier, Cleveland, &Io: Case
Vestern Reserve Univereity Press, 1969, pp. 181.

76Craham Clark end Stusrt Piggott, Prehistoric Socleties, New York: Alfred A.

Knopf, 1965, pp. 39-60. See sleo Prancois Bordes, The 01d Stone Age, Wew York:
hc'“‘ull. lm. | I3 133.

77“.1.’. op. eit., . 3.
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A more intenstive exploitation of the eavironment allows for o Population
build up and the creation of wmore permanent settlement patterus. Meeolithic
lodustries included @ variety of tools for gathering food. One of the defining
characteristics of this perfiod 1s the abundance of aicroliths which could be
used {n o variety of composite toole for hunting and gathering. Settled

Communities are a more efficient msens for assenbdling, cusulating and diffusing
technology.

basic change {n human life. This change asounted to g
Tevolution just g important as the Industrial Revolution.
In 1t men firee learned to domesticate plants end anisals.
They begen producing food ingtead of etmply gsthering or
collecting 1t. Some of the tools we tend to assume were
used for agriculture @8y actually have been developed by
collectore for collecting.78
Though the transition from hunting aend gathering seems in retrospect was
gradual, from the perspective of that which Preceded, the pace of change wvae
explosive. There was at least & millfon years (and poesidly four millfon years)
of human history until the period that we call the Upper Paleolithic began about
35 to 40 thousand years ago. Using the figure of o millton years for human
history, 98 percent of the time humans have been on earth, ve have been huntere

and gatherers.

Adout 20,000 years ago people began to shift from a hunting

and gathering vay of 1ife to a more opecialised economy,
facluding the use of bdoth storage pite end ground otome

788ragdwood, op. cit., pp. 97 and 199,
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tools used to crush Pigments and tough grase seeds.?”9

About 10,000 years ago the world's Population of sbout 10 aillion people
(poseidbly oo high as 13 aillion) were almoet all dependent upon hunting end
gathering. “py 2,000 years ago the overvhelaing mejority of People 1lived by
farming."80 5 gennech Oakley put 1t, howo eapien “ceased to de g rare
species”. There were then between 100 and 200 =million People on earth, In 1300
®ore years, population grev to about 3350 millionm and agriculture had opread to

W08t areas managesdle by the technology of the time.

By the beginning of the 20th century (1900 A.D.) when sodern
ethnographers had begun thetr observations, the world
pPopulation had Jumped to about 1.6 billfon and the hunters
and gatherers decreased to less than 0.0012. The pPresent
population 14 racing toward 4 billion, with the
hunter-gatherer population heading toward exttnction, 8!

Agriculture wvas made possible by advancemsnts 1gn technology aend
concentration of technology. Siuilarly, agriculture allows for the further
incresse in population.8? Some archseologists argue that it was overpopulation

relative ¢o bunting aend gsthering technology that forced the nesr universal

transition to agriculture.83 Nowever, these explenstions seek the “why" of

797agan, op. cit., p. 15). Pagan here 1o draving on the work of Prank Nole and
Kent v, Plannery.

”colu. op. cit., p. 5. See also Fagen, op. cit,, p. 149,
Slnarian, op. eic., p. 6.

02p0bert J, Wenke, Patterns fn Prehistory Mankind'
New York: Ouford Ustversity Press, 1980, p. 268,

833¢e Cohen, op. ctt.

o _Piret Three Millfoe Years,
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domestication. How {t happened still depends upon technology. Not only does

the direct process of agriculture (.. tending the fields) require a wore
sedentary life-style, but all {¢e consequence further restricts mobilicy,
Properly done, agriculture requires a wider tange of tools than would be
podsidle ¢o carry about., And “msoreover, storage techmology {e required” for
“where could one g0 vith a metric ton or go of clean wheat seed, no matter how
nutritious? "84

Bratdwood suggested that a "usn who spends his whole 11fe following animsls
Just to kill thes to eat, or moving from one patch to another, s himeelf really
living just like an anfmsl-.85 Bunting and gathering set “narrow boundaries to
development~.86 yenke argues that “the correspondence between agriculture ...
and civilization fs abeolute”.

The development of agriculture requires methods of storage. Many of the
foodstuffs require processing and cooking for digestibilfcy, Pottery is useful
ia both these endeavors, though not essential. Pottery was independently
developed in @any locations. It fs described by one suthor as a “hallmark of
the Neolithic pertod~,87 “Pottery or cersmic ware 1s one of the first
syuthetic materials created by man. It owes {te existence to the irreversidle

change brought about when clays are hested to drive off the vater”.88 The use

S4uenke, op. ett., p. 278.
838ratdwood, op. ctc., p. 113,
86p1ggoce, op. cit., p. 130,
87spter, op. ctt., p. 41,
881b1d., p. 101.
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of stone, wood, bone, vegetable fibders, and a host of other itens {involves
changing the shape of the material to use it as & tool. The use of fire allows
humans to transform the internal structure and composition of materisls to make
thea more useful to themselves. Previously, resources were found; now they are
8lso made. Pottery msking reflects some of the open-endedness of technology.
It aleo opens the possidilities for continued improvements in the materials
themselves. Ceraamice today have many traditional and nev, sophisticated uses,
from cooking to spacecraft, and research continues on material i{mprovements and
nev uses.

Materiale transformation has become the besis for subsequent periods for
our naming of stages of human technological achievement, 1.e., the Bronze Age,
the Iron Age. Though mstals were probably firet used as found, in comparatively
pure nodules, such as copper, the omelting of ores was soon necessary if their
use wvas to be sustained. Traneforaing ores into metals {s transubstantiastion.
We know today the nature of the transformsation process; is it any wonder that
those closer to its origing thought they could aleo transmute "base matale” into
gold? As with the development of ceraatcs and pottery, the development of
®etale inaugurated an open-ended process that allowed for the crestion of new
forms, continued {improvements in the quality of the materiale used, and the
opportunity to turn an even greater part of the universe's materiale {nto
resources. Those materials, furthermore, can be cosbined with & variety of
others to create even more useful materisls. The quality of the stone strongly
affects the quality of stone tools, but the quality of the ores has
progressively less to do with the quality of the mstsl tools thanm do the science

and technology of production.
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Rav materials and other 8spects of the environment become resources when
humans acquire the ability, or the science and technology, to exploft then.
Certain rocks become resources vhen the knowledge and skills to make stone tools
evolves. Roots become food resources when stone tools to dig into the hard
grqund are available. Large game become resources vhen hunting tools (such as
bows and arrows) and social organizations emerge. Certain seeds become
resources as humans develop tools and techniques for more efficient intensive
harvesting. The resource character of these seeds 1g enhanced as the
evolutionary changes of domestication increase their yield. Various types and
kinds of ores, too, become resources -- natursl resources, as we unfortunately
call them - as we continue more efficiently to learn to extract from them what
ve wish to use. Technology, then, creates resources.89

Many of the important inventions of human history in the domestication of
plants and animals 8ppear to have taken place independently in many different
places. Bovever, often the same item may have been invented, no one can assert
that all peoples developed all of their technology. This strav man is raised
simply to state the point that throughout human history people have borrowed
technology from their aeighbors. Consequently, the diffusion of technology (or
technology transfer) is essentially as old as technology 1itself. Furthermore,
every tool involves a human skill, Skills {nvolve people doing things, which fs
behavior, Some tools-in-use, such as those used in paleolithic hunting of large
snimals, involved group behavior and therefore social organizstion. One need

not have a determinist model of technology and social organization to recognise

89This point will be explored in more detsfl 1n Chapter !II oe uinerels and
Chapter IV on agriculture. Also discussed 1s the way that the technology of
creating fire made many harmful plents into useful food stuffs,
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that, though there may be a range of possibdle behaviors and social organization,
tool using nevertheless implies in a broad sense forme of behavior gnd
orgenization. People also developed belief aystems which include 1deas about
technology and social organization.

With the growth of sedentary communities, there 1s o parallel growth in
technologies peculiarly adapted to the particular environment of the group. Of
course, from the beginning people developed or adapted technologies to solve
their prodblems. The forest or the savanna, the tropice or the colder climates,
each gave rise to different technology or variations on the same technology
(depending on one's definition). Tools~in-use, then, can be related to the
environments in which they are used.90

Technologies can transfer by many different means. People can borrow and
adapt technology from their neighbors. Or migrating or conquering people can
carry it to nev areas. People tend to carry as much of their cultural baggage
with them, which includes their social organizations and belief systems.
Settled communities that more intensely exploit their envirooment give rise to
larger population concentrations. Larger populations increase the likelihood of
larger armies. Advances in technology, such as mstallurgy, creste the
possibility for better weapons. Lsrger armies and better weapons facilitate
conquests. By no means s it true that people with superior technology for
economic exploitation are alvays the ailitary victors. Whoever the victors are,
there has been a relentless conquest by agricultural technology over hunting and

gathering technologies. Superior technologies tend to conquer, even when the

908e¢, for exsample, DeCGregori, op. cit., pp. 03-129.
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carriers of it lose the particular wvar.

The diffusion of technology, along with beliefs and social orgsanizations,
can create problems. Techniques in agriculture, for example’, suited to one
environment, may not be operational for another. The basic problem-solving
chiuctor of technology is not alvays fully understood. This occurs over end
over in human history. The Romans brought Mediterranean agriculture north of
the Alps, complete with latifundia, & Roman style of 11fe.91 Europeans brought
their agricultural practices to Korth America. 1In both these instances, when
the technology failed to perform as it did {n the homeland, the environment vas
deemed to be inherently and eternally fnferior for sgriculture.92 1n these two
cases w know fros subsequent events thet, with proper adapatation of alfen
technology and its combination vith indigenous technology, both aress — Europe
north of the Alps and MNorth America - became among the most agriculturally
productive in the world. Europeans also sought to diffuse their technologies to
areas of coloniasl conquest in Africs, Asia, and South America. Again, the
envirooment was blamed for any shortcomings in the performance or output.
Subsequent refutations of these interpretations have in receat years gone to the
other extreme of blaming some entity called “technology” or “Western

technology".9)

91Ses Peter Brown, “The Later Roman Eapire,” The Economic Histor Review, second
series, Vol. XX, No. 2, Aug. 1967, pp. 336-337; Thomas R. DeGregori,
Technol and Economic Change: ELesays nd_!?utrtn. Comox, British Columbia:
4 oy » PPe =0,

92544 Thomas Jefferson's, Notes on the State of Virginie, New York: Harper &

Row, 1965, pp. 42-66, for a list of the 18th century Ruropesn critictiens of
North Americe's envirosment, end his defense of ¢,

93This tesue will aleo be exsained {n sore detail fn Chepter 1V on sgriculture
end Chapter VIII oa appropriate technology.
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Thus far we have concentrated on peoples using technology or using the
wroag technology. We have not discussed the institutional factors that cause
people bot to use a technology. One institutional factor in not using a
technology 1is that people do not dant to use it. It 1s not a question of
vhether a new technology will solve a particular problem better, but it {s Just
that the belief systea forbids it. Thus, in the United States today there are
groups that will not use motor vehicles and others that will not use medicine or
allow surgery. Such gToups are replicated through history and around the globde.
The efficacy of the technology 1is irrelevant; their religion forbids its use.
There is another category of -not using technology that is far larger. As we
have noted, the use of technology involves the creation of social institutions
that define and validate its use. The very complex 1deas and beliefs involved
in using a technology in time can be the basis for denying the superior efficacy
of a new technology.94 Elsevhere, one author has argued that aedvances in
technology and in science tend to develop on the periphery of civilization where
these institutionaliszed ides systems are less well established and cherefore
less able to resist pragmatic adjustments and changes.9$ Under these
drcuut.ncn technology transfer to new areas frequently not only allows the
tecipient to catch up, but also allows the borrower to use it as s basis for

surpassing the lender.

941¢ should be noted that, even for the first category, the belief systes

prohibiting use of a technology sometimes argues that their wey is technically
more efficient as well as being worally supertior.

935e0 both works by DeCregori, Technology and Bconomic Change and Technology and

the Econoaic Development of the Tropical African Prontier, cited above,
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Though we are concerned in this book almost exclusively with che technology
of production of economic goods, we will use the technology of varfare as gn
1llustration of institutionsl resistance to techrological change’, Whatever the

conservative impulses are 1n 8 culture, to lose 8 war {g¢ potentiaslly ¢o lose

knowingly Preserve milicary technology that would bring thea defeat, If
find repeasted instances of such behavior, then the likely answer Wst lie in gn
uutituttoully conditioned blindness to the Possibilities of new technology, 4
Cursory view of gome selected spects of Uestern ailicary technology will
illustrate thi, utctnlnttonohtp betveen technology gend institutional
wyopia.96

In the early phases of Middle Eastern civilizetion, nilicary Supremacy was
predicted upon bronze, then iron, then chariot warfare, and n!tcnntdo. the
Phalanx with iron spears and shields. Bronge and chariot warfare United
fighting Primarily to gan elite (since bronze was of limited availability and
chariots and horses were expensive), while fron Yas more widespread and cheaper
and favored o highly organized yeomanry, - as {n Classicsl Greecs, Vhen the
Athenian power base became heavily saritise, o new social fmportance accrued to
the urban lower classes who manned the ocars. Not only did these changes in
techaology bring soctal changes, bt they also left g their wake o series of
defeated Peoples who could not respond to change,

The foot soldier 1n the form of the Roman legionnefre with his oword and

96Moet of the Raterisl for the following paragraphs s drawn from Orgol
Pi-Sunyer ead Thomas 1, DeGregort, “Cultural Resistance to Yerhnol-:tcal

Change,” Techaolo eod Change, Vol, vV, No, 2, Sprirg 1904, pp. 2y, 274, ond, b
the samn uc“o‘u. "Tochno!o.y. !‘rutttom.nu. oand Military Estoblishments, "

'l‘oehlolon and Change, vol, VII, No. 3, Summer 1966, pp. 402-4¢7.
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shield was challenged by 1ight horse cavalry during the Germanic conquest. The
desue was not clearly decided untf} the eighth or ainth century, with the
development of the stirrup, horseshoe, and heavy shock cavalry. To gome
observers, heavy cavalry and the three-field system were Primarily responsible
for the development of feudaliom. Yet {n 1066, two centuries after the
development of shock calvary, HRarold's troops rode into the Battle of Bastings
o0 atirruped horses, dismounted, and were defested by the Normans.9” por
nearly three wore centuries, stirruped cavalry was the moast efficient form of
varfare and finculcated into RBuropean social consciousness attitudes toward the
horse and nobility that persisted until very recent timss.

In the fourteenth century, the Engligh long bowsen and the Svise pikemen
drove heevy cavalry from the field, though the latter continued to appear and to
suffer defeats for at least another century. In the nineteenth century a series
of {inventions — the Tepeater rifle, the Gatling Gun, and barbed vire — pade
cavalry clearly obeolete a8 a battlefield instrument, o Judgment that was
confirmed by the trench verfare of World War 1I. In the same century the two
sost famous cavalry cherges, Balaclavs and Seden, were colossal failures.

Despite all of this, 1in the pre-Worid Uar II perfod the msjor powers
(except the two losers, Germany end the Soviet Union) wers preparing to fight
the oext war on horseback, and for the Poles it was even more tregic, as they
sent a unit of lancers to mset the German invaders. There was no lack of

espirical evidence that the internal cosbustion engine (along with the other

97Lynn White, Madieval Technology and Soctal Change, Oxford: At the Clarendon
Press, 1962, pp. 36-37.
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Previously mentioned inventions) heg doomed ihe horse; the brief tank varfare 1n

World wer I, the ®any interwsr years Sanuevers, the German tanks in Spatn and

thei results of sentiments of nobilfcy, honor, and chivalry chee harked back deep

iato the Middle Ages. In ducrlbtng similar attitudes fn the British Navy, B.RH.

to his cathedral,9s Such sentiments %8y win the pratse of ¢he faithful, by

they do not defend o nation,

The classic 1930’ statement confusing the spiritusl valye of the horge
with {¢g military technical efficacy wag made by Bricigh Feld Marghal} Haig -
"that as tige §9¢8 on you wil} find as much use for the horse — the well bred
horse — 4, you ever have done g the past=,.99 This digresstion on the horse
should not 1lead Us to believe that this attitude toward the horse as & milicary
instrument Vas not fnherent in the horge iteself. Exactly the Opposite attitude
and pattern émerged in Ching, There the horge vas fdentified wich “barbartans”,
There, for over g aillentum, Chinese leaders kney that they must raise and uge
the horse as 4 battlefield instrusent 1¢ they were to Succeed in defenge againet
Bounted invaders, Try as they aighe, they could never disassociate the horse
from the “barbartans” wvho brought ¢ el developed that close Ran-aninmal

rohttonlhtp Decessary for {tg effective use, 100

8.1, Liddel} Nart, The Liddell Rar: Memoirs, Vol, 1, 1098-1938, New York:
C.P. Putasa's Sons, lﬂ!. p. 326,

144 (YU P. 100,

100y4,¢, Creel, “The Role of the Morue 4n (Minews Mstu y.” The American
Ristoricel Revievw, Vol, LXX, No, 3, Aprtl 1963, pp. 64)-671,
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The vast aajority of the technology of any people was developed by others.
We are all or have been borrowers of techoology. Technology transfer is o
regular facet of human history. The study of some of the more dramatic of thege
transfers, though not providing all the answers for presen: problems, can
nevertheless give us insight into some of the ®08t important characteristice of
technological diffusion.

Northern Europe and later North America built industrial economies based on
science and technologies that originated in other areas. The religion, science,
and technology of wsdieval Rurope were fundamentally ailcn to that region.
Their origins were in the Middle Rast. Por several thousand years there vas a
continuous, fruicful interchange of tools and ideas in grea that included the
Indien subcontinent on the east and stretched to and later included the Rellenic
Peoples in the west, This civilization opread across the countries on the
shores of the Mediterranesn Sea. Politically, it became doainated by Rowe.

Ssall elements of these great civilizations were filtering northward into
Rurope. While there were great civilisations in India, 12 the Middle Rast, and
in the Rastemn Mediterranean, Northern Rurope was {n comparative darknees. With
Roman conquest north of the Alps came o significent increase in the northward
sovement of Mediterranecan technology. This wmovement 1{¢ interesting and
significant because virtually every error n technology transfer (or attempte at
1t) during the period of BRuropean colonfaliem, end efnce independence, was a
Teplication of those made during Romen colonisliem.

Many Roman writers thought that Northern Europe was eseentially
uainhabitable. Among other ressocns, it was too cold. Rome had taken

Mediterranean egricultural practices, crope, architecture, and otyle of life and
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had attempted to traasplant them tn , different climate and geographical

eovironment without modification. No wonder, then, there was an apparent
“failure of technology”. 1In fact, it was neither the inadequacies of ¢he
peoples or environment of Northern Europe nor was it o failure of technology,
T™hE fault was in the character of the diffusion process.

The diffusion of science and technology to Morth America 1s comparadble to
the flow from Rome into Northern Europe. In the eighteenth century, Europeans
debated the habitability of Norch America. Though they did not question the
physical heritage of their kith and kin who were conquering the continent, some
argued that the climate stunted the growth of humans, other animals, and plants.
It s clear from subsequent history that Northern Burope and North America had
great potential for agriculture and industry, provided the right technology was
used.

The key to the development of both areas wvas the shifting of decision
asking powver from alien colonial suthoritier. The nev tcchnology that evolved
vas a synthesis of indigenous technolozy, exogenous technology that was modified
and adapted to solve the particular problems of the new eavironment, and, in
some instances, a direct borrowing of exogenous technologies that needed no
adaptation., What ig importent is that, in thie synthesis, the people of these
areas amade the vechnology part of their culture. Tools and technologias are
®ore than msre gadgets or physical instruments; they are the embodiment of
1deas. 1If cthuse tdeas become a vital part of a culture, then there fs more than
@8 assemblage of tools — there is a continuous dynamic evolving process of
change, technological borrowing and development, Techoology evolves as the

combination of existing tools and technology. Therefore the more tools, the
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more poseidilicies for coabinations and acceleration of development.

The evolution of printing by movesbdle type in fifteenth century Rurope 1¢
an example of technological change resulting from a synthesis of indigenous
traditions and adeptation of ¢xogenous technology.l0l ¢ o140 demonstrates the
worldvide nature of technology, as most of the “indigencus” elements of Ruropean
printing were the product of earlfer diffuetion of technology from other areas.
PXinting by moveable type involves the arts of printing, Pepermaking, mestal
working, a phonetic alphabet, and an ink that would adhere to @ metal typeface
and to paper.

Rvidence of Printing can be found 88 early as the seventh century in Korea
and the ninth century in Central Asis. Possibly, there were earlier origtne,
from the practice of taking rubdings from stone in China. Paper began from the
felting process of making tents end garments in Central Asis and the use of
these techniques to mske rice paper in China. Paper making diffused into Pereia
in the ninth century end into Italy {n the eleventh century,

Printing by moveabdle type 1is superior to other forms of prioting if one has
8 phonetic alphabet, The phonetic alphadet was part of Rurope's heritage from
the Middle Rast that ves brought sorth of the Alps by the Roman conquest.102

Presses were independently invented in many different jarts of the world. The

101The matertal for printing by moveable type 1o largely drawn from Abdot Payson
Usher, of Machanical Invention, Boston: Beacon Press, 1959, o, x.
Though Tt {s over two ecades o the k 1s nefther dated nor has 1t been

’
surpassed for ts enslytical fnsight fato the tnveative process.

10218 phosettc alphabet fs an tnetance of pre-adeptation. It 1s o treit that
ves developed for 1cs o pu @ — writing — that vas mot

overvhelaingly superfor to other competitive techniques used for that purposa.
It wae, hovever, almocet waiquely adapted to an favention that did wet eceur
vatil ever two thousand yoars after (to beginning. Pre-adaptation 19 o
phenomencn of both bological and techmologicel revelution,
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Buropesn press descended from the olive presses of the Grecian world,
Metalworking had come to Rurope from the Middle East two thousand yeqrs
Previously and had taken Foot and developed to o high art. 1Ink from linseed of)
Vas & purely indigenous invention derived from the flax uged in textiles gnd vas

used in ¢ rapidly groving tradition of ol paintirg,

ocience and technology that were largely derived from \si{s and/or the Arad
vorld.103 Many of ¢he important terms in European science and msthematices were
derived from Arabic, reflecting the Arad {nfluence and origine. RBurope was
fortunate fn being a crossroad for the movement of tools and ideas. Each of
these was absorbed into Buropean culture, became part of their tradition, and
vas the bdasis for continued development that led to the scientific ang
{ndustrial revolutions,

The diffusion tnto Europe of alien ideas and technologies was an isportant
element 1n the intellectual upheaval and the cultural change 1n Rennaissance
REurope. One aight even bde g0 bold as to osay that the change was revolutionary.
Certainly, whet vas to follow i{n the NexXt centuries was deemed the Sclentiffc
Revolution and the Industrial Revolution, Europe (and ®sny of the aress where
the population is predominantly of RBuropesn extraction) has been experiencing
five centuries of fairly continuous ocientific and technological change and
cultural transformation, Yet, even in the ®ost {-Justrially advanced Ruropeen
countries large pockets of traditionasl tulture, such as that of the pessantry of

Freoce, persiest even vith the fatrustion of the automobdile end television., And

1031¢ 14 interesting to mote that F:rencyy Bacon, the 1ath end esrly 17¢h century
Englieh ocientist, commented on five twportent favent tone, fucl.ding printing,

oll of which came froe Asfe. Prencts Bacon, Nuwye Organue, Boob 1, Chicego:
Nenery Regnery, 1949, pp. 64-¢).
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who would srgue that English or Prench cultures are any less English or Prench
today than they were five centuries ago, just because they have undergone such
enormous change? Industrialization has aade Prance and England alike {n asny
vays, but {t has not obliterated thoge distinctive features of these cultures
vhich are & source of pride and identity for 1te memders and constitute a vital
part of the heritage of g1l humans.

Rather than being destructive, technological change in Europe has
otimulated its arte and culture. 104 Printing by moveable type vas, as we have
noted, developed in Europe in the middle of the fifteenth century. Before the
end of that century, more books were printed in Europe than had been printed in
the history of the human race. This 1s wmore than Just & quantitative
distinction, as great written worke of |8ny cultures were being printed end
reprinted in translation. Printing was the key factor {n the rapid growth of
literacy, tn the ifmprovement of communication among scientists, and therefore it
vas important {n the growth of science and {n the development of literary forms.
In fact, one could argue that the scientific and technological revolutions have
enchanced all of the arts, both in thetr creations and in our ability to
appteciate them.

The REuropean experience in technologicel and economic development provides
8 uscful experience 4in current attempts to foster economic growth and
development, Europeans, when colontizing other perts of the world, made the seme
aistakes that the Romans made when they colonised Northern Curope. They

attempted to transplant their techoology in agriculture, in industry, and n

i0dThe potat oa the potentially positive interchange between technologies and
the arte and culture witl] aleo be explored in more detail tn Chapter on
technology and the arte,



environmental conditions of the area. Many of these schemes fafled, The
climate and the peoples of the colonies were blamed. Jyst @8 "Northern Europe
vas considered too cold by Romans to be inhabited in o civilized sanner, the
trepics, {t wae argued, were too hot and humid for long term economic
developaent. There were also RADY successes {n technology transfer 48 & result

of culture contact between two pPeoples.

Voices are raised on behalf of appropriate technology, or intermediate
technology, or indigenous technology. Technology 1e & get of tools, machines,
and ideas; 1t g o problu-oolvtu Process. When a get of tools designed to
solve one get of probleas are applied ¢o different probleas, {t ¢,
understandable {f they do not alvayes work, I¢ does not mean the technology
failed, merely that the technology was incorrectly used,

The developed countries' experfence vith alfen technology s vot, however,
& complete guide to the dilemmas of less developed countries. Countries 1tke
Eogland and the United States have had a couple of centuries to industrialize
and absord the changes that come in fts wake. The less developed countries do
aot choose and 1n reality cannot afford the luxury of this slow rate of economic
growvth. The pace of change todsy can be destructive without giving cultures the
opportunity for creative, constructive response. The pace alone e threatening,
Ia addition, the ®any facets of modern commuanication, such ag filne, radio,
televiston, ®agazines, and consumer goods, bring slickly packaged chunks of

exotic culture, These 1nfluences liait or ot least wmake infinttely more
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difficult the task of leadership in providing repsonses to change that preserve
end sustsin locsl cultures. There 1s insufficient ground for despair or
pessiaism. Technology 1s not icherently destructive as many clatm. Quite the
contrary is true. The challenge to the sensitive, {ntelligent leaders and to
the population of less developed countries s enormous. Exotic influences,
though, are not going to evaporate without o trace, and the possibdilities for
personal and cultural enhancesment are virtually limitless.

For many prc°s of the world, “Western” science and technology may seem
“alien”, but in reality it s their own ideas and tools coming back home to them
in another form. For it was “Greek", “Arab", "Indien", and "Astisn” science and
technology that formed the bastis for European developaent. 1In o larger sense,
exotic technology is coming howe to all people, for it s the heritage of all
mankind, Science and technology are both universsl and particular. They are
universal in the sense that the principles of phystics (for example) and the
engineering principles involved {n technology transcend nationsl boundaries.
Scientists and engineers working within a discipline have means of communication
that are not in any wvay limited by race, culture, religion, or environmsnt,
And, with the use of mathematics and translatton, language s almost no barrier.
Many, {f not most, scientists strongly object to any national or cultural
qualifying adjective to science. Yet, though science and technology sre
universsl, there are also particularistic aspects to thems. Sclence s a body of
idess, some only distantly practical, 1f ot all, while others ere directly
useful 1in the human enterprise. Technology is fundamentally probles-solving.
The particularity of science and technology derives from the fact that esch

country hse its own complement of problems and therefore must, in its science
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and technology policy, draw and create from this common fund of knowledge the
Bost useful and relevant ideas and tools. What is needed are national science
and technology policies that facilitate the organic growth of science gnd
technology vith_in & culture. The universality and particularity of science and
toci\nology can be the basis for finding unity {n diversity and diversity {in
unity. Modern science and technology have given us that vigual picture of our
unity and diversity in the magnificent Photographs of the earth taken from the
moon. Unity and diversity in all aspects of the human endeavor are necessary {f

we are going to share this g8lobe and 1ts heritage.

%ncluMbuen&tionl

After four million years of homenid history and two and o half million
yYears of tool using, have we humans reached the limits of our environment beyond
which even further evolution or technological change cannot carry us? The
ansver 1{s eaphatically no! The fundamental purpose of most of the succeeding
chapters 1s to explore the ways that further scientific and technological change
can continue to expand human horizons and opportunities. Cohen and others argue
that humans reached the limits of their environment 20 to 40 thousand years ago,
as defined by hunting and gathering techrology.105 The food crisis, as he
calls ¢, forced humans to devise new means of agriculture to solve the problems
wrought by overpopulation, relative to a technology of food supply. Another
author, Ester Boserup, has arguad that overpopulation relative to food supply

has been a continuing force for agricultural innovation throughout history.106

A4 NRRRNARRNANY

1058ee Cohen, op. ecit.

106gster Boserup, The Conditions of Agricultural Growth; The Economice of
Agrarian Change under roguhtton Pressure, Chicegn: Hitne. 1965,
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At the time hunting gnd Sathering Supposedly had reached environments]
limits, the population 1, estimated to have ‘reached 10 to 1S uillton, Perhaps
this was not n fact the actual limit of thig technology. Malcolm Slessor hag
calculated that the “productivity of a natural eco-system 1s around ¢ kg. per
hectare per Year of protein suitable for humans ... obtainable from the bdetter
land on the earch's surface",107 Assuaing that hunters and Satherers coulg
harvest and utilize 100 percent of this, the world'g eCosystem could support
possibly 200 aillion People. This figure 1 one-twentieth of the current world
Population. Even f wve don't accept the 10 to 35 uillion population a8 being
the hunting and gathering limit, 1t wag probably quite close to the exploitable
portion of the natural ecosystem, Clearly, we are by irreversibdle necessity
committed to 4 Post-agricultursl revolution technology. Purther, 1
demonstrates the way {n vhich changes 1n technology can drluttcally change the
economically exploitable limite of our environment,

Are the soil, wvater, sunshine, air gnd all materials that humans uge on
this globe ¢to create and sustain 1ife sufficient to the demands that met be
made 1if human 1ife 1s to continue? In the chapters on catastrophism and the
linite ¢o Srowth, we wil} actually define thege limite and indicate that we are
far from reaching them. Thae does not mean thet we will Sutomatically come up
with the advances in science and technology needed to transform the earch and
improve the 11fe of a groving population, As with technologi cal change
throughout human history, {¢ s pot automatic bdut requires thoughtful

fatelligent action directed toward problu—ulvtu. As we look back at the

107Ma1c010 Slessor, “Energy Requirements of Agriculture,” {n Pood Agriculture,
the lnvtromnt. edited dby Joha Lenthan and Willtea W, Pletcher, New Yor :
378, p. I,
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history of human problu—oolvtnz. Ve get a better nndcrltlndtng of the Process

80 that we gre better able ¢o act 1nt0111nnt1y in terms of problu-oolvtng and

consequences of current &ctions. have taken the firge hesitant Steps 1into
Spate. As we shall demonstrate below, long before we have exhausted terrestriq)

ltfc-ouotuning Tesources, we will have the capability of exploiting the

We have spoken of 1ife, language ang technology o4 being dyuucally open
Systems. I technology, ¢he dynaaisa comes from {deas, Douglas Bofstader
Compares languqc and ideas ¢o dynamic cvoluttoury 1ife Processes. pHe speaks
of "virus-1like sentences gand ulf—ropliutiu structures”, Like 1ife forms,
Successful 1deqe, gain gn ecological niche 1n “1dea Space”, Quoting R, W,
Sperry, he finde that "ldeas cauge ideas and help evolve new {deas”, Jug¢ 1like
there 15 4 biosphere there i¢ also an ideocsphere, And 1deas have "oprudin.
POver”, what we in our context might call technology transfer. Jygt a8 life and
other ulf—rcplicntin; Systems can be understood fn terms of their abiliey ¢o
Survive, go also do ideas have a "pcrforuncc value” which "depends upon the
change {t¢ brings ¢o the behavior of the person Or group that adopts 1t,"108
‘rcchnologlu 88 educationg] Processes must he Sustained by the performance value

of the 1dess ambodied them, ‘rcchnolo:y must allow People to change their

108pougies p, Rofetader, "Mathematical Themes: Wirue-1 i Sentencus and

lclf-npnuun. ttmeturu." Scientific American, Vol. 248, No, 1, January
1983. PP. 14=-2],
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tehavior and improve the ‘quality of their 1life. Technology as an idea system,
like the 1ife system from which 1t is derived and compared, mist have the
survival value of sustainability in and through the 1ife processes of the humans
vho use it. Technology and technology transfer then have empirical, testable,
msasurable consequences.

As Lee and DeVore note, strategraphically the origin of agriculture and the
present “will appear as essentially simultaneous™.109 =3¢ fail, then, {1t
vill be a tragedy, not only for all those alive, but it will be a failure of
civilization itself and an implicit argument that human life beyond hunting and
gathering is inherently unstable.” Tool using, as C. Loring Brace argues, has
created for humans s unique ecological niche. PYor 125,000 years, we have spread
across the globe into every known climate (and now into space) without
biological adaptation of the species.ll0 Technology has been our wmeans of
adaptation and survival aend can continue to be so, As with most human

endeavors, the choice between success and failure is ours.

S_ng: Operational Principles of 'l'ochnolon

The purpose of historical inquiry ou t'ochnology vas to attempt to identify
those operating principles that have governed technological evolution. It {s
our contention that consistency with these principles 1s necessary for
successful technology transfer and economic development., They will be both
implicitly and explicitly embedded in the rest of this book. We consider thea

109Le¢ and DevVore, op. cit., P. 3.
110c, Loring Brace, op. cit., pp. 56-57.
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fundsmental, both in planning and in iaplementing technology projects and as a

set of criteria for evaluating completed projects. In the final chapter we wi]}
take those summary principles and combine them with the empirical and analytical
results of current efforts in science and technology for development to create a
seé of guidelines or recipes for applying theory to the task of project
development.,

The basic characteristics of technology are:

1) Technology or human tool usin, is primarily an ideational process. It
1s the use of ideas to transforms the material and non-material world.

2) Technology is behavioral. The very existence of tools implies skills
in both tool creation and tool use. Skills are forms of human behavior.

3) Technology becowes organizational and instftutfonal. Rumans live in
groups, and much of their technology going back to large-scale hunting requires
organized group cooperation for effective implementation.

4) Technology as 1ideas (or knowledge) and as material artifacts {1s
transmitted through culture. Though analytically separable, tectinology in use
becomes part of the general belief system of those who use it. As such, the
dynaaic nature of technology (points S & 6 below) can come into conflict with
the restrictive tnstitutional beliefs and practices.

3) Technology s cumulative and combinational. Once the process of
technology 1s under vay, it gains wmomentum from the ability to combine,
Tecombine, and modify existing technology. In the same sense that biologists
say all life comes from previous 1ife and anthropologists say that all culture
comes from previous cultures, we can state that all technology comee from

previous technology. Though 4in terms of the archeological and induetrial
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record, what asppears to be combined are the materisl artifacts, the dynamics of
the process comes from combining the ideass of - the artifacts.

6) Technology 1s an interactive process. Just as there asre feedback
loops batween hqnan evolution and tools (as described above), there asre feedback
loops with other social activities. 1If a distinction {s made between scieice
and technology (which we do not fully accept, though most writers on the subject
do), then we can observe 8 continuous feedback loop. Scientific inquiry
establishes principles that are spplied 4n technology. Technology provides
Instrusentation that facilitates scientific advancement.

7)  Technologicsl change is an sccelerating process. The more technology
there s, the even greater the possidbilities for new combination and advances,
and for positive feeddack loops between science (and "knowledge in general) and
technology. Goldschamidt refers to “an exponeatisl quality; that is, the rate at
which growth ctaekes pPlace 1incresses with each successive increment of
advancement”. He considers it "sathematically inevitable that the opportunity
for pew techniques incresses geometrically as the number of basic 4deas
increases srithmetically”.111 1Ty, historical record in the timescale figures
that we have given certainly bear out the contention of exponantial growth., It
is a major contention of this book that some theories of technology and the
projects derived from thes neglect the potentisl of technology aud thereby
severely limit the potentisl gains from technology transfer.

8) Technology s a probles-solving process. Technology 1s technology in

the context of its use. 1Its use in the wrong context does not dany its efficacy

LELLL LI TYY )

ll.“l‘.eh"t. op. c‘to. PP. 112-11)3,
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in asppropriate circusstances. By definition, al1 technology, 1f 1t ¢, truly
technology, is Sppropriate to some problu-oolviu endeavor. The selection of
technology depends upon cultural, environmental, and economic criterig that
define & prodblem and the characteristics of 1its solutions.

9) Technological tnnovation has long-tera consequences (the unintended
coneequences described above) that, from the point of view of subsequent
genarations, are more important than the short-tern ptoblu-oolving that was the
original intention of the technological change. Both in the short and long
term, there are chance or fortuitous discoveries. Serendipity e the name given
for the discovery that taerges by chance when one looks for one thing and finds
snother. As one great scientist said, "chance happens to the Prepared mind" in
that accidental discoveries only happen because someone hid the intelligence to
interpret the resulcs 88 being useful in another context.

10) Because technology 1s combinational, 1t 1s not surprising that people
working from the same technological and scientific base frequently create
essentially the same iavention (1.e., solve the same problem) at the same time.
Por the aame reasons, simultaneous discovery 1s also a frequent phenomenon in
ecientific inquiry,

11) Technology, since 1t involves behavior, s likely to bring about
cultural change, Similarly, culture i1s likely to force o modification of
technology in the process of diffueion,

12) The cumulative body of knovledge, instruments and human skills that we
sall technology, 1s essentially a seanmless wabb, The source of an fnetrument or
innovation as one 8rea of endeavor can be derived from what superficially

Sppears to be a totally unrelated area. We shall {lluetrate this point further
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in Chapter —__on the arts and technology.

13) Adaptation of technology to Dev - environmental circumstances is 1n
iteelf o form of iavention. Socially gnd linguistically, we call large,
Spparently discrete technical changes, inventions. A closer, detailed enalyeis
of the 4inventive Process reveals the fact that o series of smaller, less
discrete changes preceded the wore noticed, larger changes. A wmore in~depth
study of the inventive process of printing would clearly indicate this. In most
instances, adaptations are comparable to emall, finnovative changes 1in the
iaventive process.

14) Technologies that .are separated from msjor areas of techoological
change, whether by geography, by culture, or by political isolation, tend to
slov innovation, if not bring about stagnation. Linkage to other technologies
is vital, linkage that necessitates not only contact tut also some compatibilicy
in the level of technological achievement. This issue of linkage and contiuued
technological development will be central to our analysis of appropriate
technology.,

15) Technology (and science) create resources. Resources are neither
natural or necessarily finice,

16) Historically, more often than not, successful technology transfer has
involved borrowing technology at 1ite then highest level.

17) Terms such as "Western technology” can only have a very restricted
historical use. "Modern technology” cen have s universal msaning as the set of
koowledge and 1deas, okille, tools, and machines that are the most efficient and
offective at prodles solving, Similerly, “sodernisation”, a term frequently fn

disrepute oo being ethoocentric, cen have & transculturst msaning as the
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societal and cultural ability to use modern technology.

18) Technology transfer {s incomplete 1f particular techniques are
diffused out of context frca the larger dynamics of the process. The presence
or absence of & particular tool or machine 1s not evidence for technology
tr;;ctcr.

19) One of the frequent mistakes of analyzing old and new technologies {9
that they are frequently compared in terms of hov well they perform estabdlished
tasks without recognizing that new technologies almost slvays allow people to do
nev things as well as old ones better.

20) Ia choosing between technologies, the borrower must recognize that the
context is not the world as it was but the world as it is and is becoming with
®ost competitors (both economic and military) using the most efficient end
effective technologies.

21) Technology, as noted above, is an evolutionary process. Technologies
are predicated upon the prior devalopment of other technologies. This 1s the
process in aggregate. For a particular eéconomy or people, the process of
technological evolution need not be replicated. Borrowing peoples may skip
stages by borrowing technology at its highest level, o8 noted above. As o
universal process, technology {s evolutionary, As a particular process,
technology 1s revolutionary. The dynamic accelerated growth that characterises
universal technological change may even be wore freatly accelerated by
particular peoples' Jusping stages of technological development. The very rapid
growth of technology-borrowing countries, particularly the extraordinary
uoprecedented post-World War 1II growth of countries such as the Republic of

Kores, testify to this process.
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22) All technology 1s both universal and particular. It 1s universal {n
that it fs based upon the principles of nature and {is characteristic of all
people. It is particular because 88 a problem solving process each people has a
unique set of environsental and culturally-defined problems to be solved.
Because technology 1s universal, it 4s ironically and paradoxically also alfen
because, for any particular people, the majority of their technology originated
elsevheres. Simultaneously, technology as probles solving {s entirely indigenous
in that technology must bde adapted to mset local conditions and this process of
adaptation makes 1t one's own. This apparent paradox of universality and
particulariiy, alien and indigenous, when properly understood and explained, can
facilitate technology transfer. Too often the alien chsracter of technology for
8 recipient people is stressed, i.e¢. called Western tachnology, when it s also
8 universal technology that {is the heritage of all human kind. Siailarly, the
Appropriate Technology movement stresses the particular character of technology
and theredby ignores the enormous benefits of its universality,

23) Invention, as Veblen stated, s truly the mother of necessity. Ve
adopt our 1ifestyle, population, and other aspects of our condition to new
techoologies. The agricultural systems of the world that create the asans to
support 4 billion people are necessary if there s not to be mass starvation,
The technologies that allowed urban growth are now pecessary for their survival,
Individuals may return to previous technologies but rarely if ever does the
group have that option. Coing back to earlier technologies has been widely
edvocated as a developaent strategy, but no evidence has been offered as to ite
Sggregate validity.

264) Thera are gaine and losses to evolutionary and technological change.
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The huran record shows that the gains have been far greater than the losses,
The claims made for alternate technologies (and sgainst modern technology)
actually apply ¢o modern technology. Nature 1s only a virtue in developed
countries where technology has Partially insulated the Population from 1¢g wornt
ravages such g5 drought, fanine, and plague. Modern technology 1 truly
technology for the masses, giving People longer 1ives, more choices, and greater

control over their destiny. The 1is¢t of the benefits of modern technology 1s s

long as the criticism againet ic.

25) Technologies co-exist. (a) New technologies are better only for o
range of problems and circumstances byt not all, (b) Prior technologies
frequently continue to experience improvements. (c) New tschnologies wil} often
be undergoing further continuous changes that say bde more significant than the
original “invention". (d) a and ¢ do not negate the principle that some
technologies bdecome obsolete and are o technological dead-end.

26) Reliability can be substituted for redundancy. Modern technologies
have greater reliabiifcy (1.e., redundancy) than previous technologies.
Evidence 1o overvhelming from data on famine and 1ogs of 1life to natural
disaster. Most critics of sodern technology cite breakdowns that are not
substantially 1ife thrutcnlu (New York City power failure) or theoretical
possibilicies,

27) Technologtcal interdependence or complemsntarity {n complex
techoologies means that some improvesents in 4 technology require Complementary
advances {p several aress. ror example, fast moving wehicles (cars, traine,
Planes) require braking systems. Tool making has alvays tnvolved the property

of materials, In wmodern technology, materfal properties (1.e., strength,
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purity, heat or corrosion Tesistence, etc.) have to be Created go ¢thge the
Proposed system can fuaction.

28) The vital complementaritcies iavolve tdeas and skille as noted above,
Advances in che physics, engineering and science of materials and BAny other
iatellectual and applied inquiries are the foundation for the creation of ¢he
Saterials of modern civilization. 4, important are the advances in the skills
Becessary to operate the eystems. Contrary to Popular wisdog that we are losing
our skills, modern technology has required that gn ever {ncreasing proportion of
our society be involved in {ntellectual and ekilled endeavor,

29) Though there 41, &n {mportant eense {p viich wodern veaponry and
Communications have linked the globe, tied ¢to One another's fate for good or for
evil and heg facilitated the growth of large centralfzed states, groupings of
states and international organizations, there is also a sange in which modern
technology 1s docontuuuu. Very simply, 1t hes given individuals and groups
of {ndividuals greater choice in the larger circumstances of their 11fe and g
the day ¢to day range of choices availadle to them.

30) Last bt not least, the free market place of ideas, desocratic
institutions of a1} kinde and free econvmic markete ere 4]} vital machaniems 1n
dcnloplng. traneferring, and sustaining technology. The dynaatc process of
combining technologiee ¢o Create new technologies or borrowing technology 1¢
greetly factlitated by freedon of . thought end freedom of action, Jecod
Brooowski, {q hie Waoterpiece, Science and Buman Velues (New York: Rarper,
Torchbook, 1959), argues that the bestc principles of oclentific foquiry o
refined fn ¢he last fov centuries arg Sssentially the game priaciples of
democracy — fyqe and open inquiry ore oqually functionel for ectenre, for
technology, and for democracy.
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Attachment B

APOCALYPSE YESTERDAY

“There 13 & question in the atir, wore sensed than seen, like the invieible
approach of a distant storm, a question that I would hesitate to ask aloud did4 1
not believe it existed unvoiced in the minds of |any: 'Is chere hope for
man?'"!  Thug, Robert Beilbroner, one of the most {intelligent, sensitive,(and
perceptive economiste in America today, begine hie book, An Inquiry ato the
Buman Prospect. Psul Fhrldch, probably the best known prophet of doom 1in the
1960s and 1970e, 1e ®more emphatic than Beilbdrover. Be opens his book, The
Population Bombd, with the assertion: “The battle to feed all of humanity go
over. In the 1970s end 1980e bundreds of millfons of people will starve to
death {n epite of auy crash programs esbarked upon nov."2 Phrlich end |any of
his 1llustrious contemporaries use the image of the Pour Borsemen of the
Apocalypse: War, Pamine, Pestilence, and Death.3 The very use of the
apocalyptic mstaphor by some authors for thetr prophecies implies that they have
Some concept of the loog bhietory of similar prophecies. These curreat

prophecies differ, however, in that they are being made by scientists, ueing

Inobere L. Seilbromer, An Inquiry fnto the Muman Prospect (Mew York: Noreon,
1974), ». 13.

2Peul R. Ehriich, The Population Bomd (Mew York: Balleatinme Books, rev. ed.
1971), p. xt.

IEhelich, p. 45. See also Villten and Peul Paddock, Pemtne 19731 America's

Decisfon: Who Will Survive (Boston: Licele, Brown, 1967), p. 61, quoting U.8,
cretary o riculture, f1le Precman.

Previous Page Licnk
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scientific evidence.é It s reasonable, then, to uge the scientific method of
empirical testing on some of these Suthors' projections to give us gt least o
partial basis for assessing their recent pronouncements. As Garrett Hardin
states, “To have any science at all we st generate faleiffable statements ang
bave nothing to do vith statements that are not falsifiable., Sciance {1
inherently vulnerable. It 1o proudly go."5 Hardin further argues that

"science does not admit invincible assertions {nto {¢g sanctuary,"6 Thus, I

Yortunately for our inquiry, some of the 1960s and early 1970s prophets of
doom were highly specific oo to the nature and time of the forthcoming
disasters. Occasionally they hedged their bets by phrasing their forecasts as
scenarios. Ehrlich, {n one of his “scenartos" printed {n 1969, specifies o
series of catastrophes that were to be the lot of mankind during the 1970s.
"The end of the ocesns came late in the summer of 1979 and 1t came even more
rapidly than the bdlologists had expected.”] -py September 1979, 411 important

aoimal 1ife in the ocean vas extioct."8 “parifer {n the year, the bdird

AN RGARINNANS
‘s«. for example, Stephen 1§, Schneider, The Genests Stntonz Climate and
Global Survival (New York: Plenum Press, 1976), pp. =-xt,

S'Vuln.ubutty == the Strength of Science,” tn Carrett Berdtn, ltolhtnl the

Wild Taboo (Loe Altos, Ca.!: Williem Ksufman, 1978), p. 77.

OCarrete Sardin, The Limits of Altrufes: An Bcologint's View of Survival
(Bloomtington: Indiana Untv. Press, 1977), »p. 1.

Treul n. Ehrlich, 'lco-c-tu!ropho.' Rasperts, 8, No. ) (Sept. 19¢9), 26-29,
reprinted 1n Current, 3 (Oct, 1969), 23-32,

SEhrltch, “Bco-Catestrophe,” 30-31. One sonth after this catestrophe was to

occur, Paul Ehrlich accepted o 410,000 prize for the best esosy on the future,
Three years later, the same prize was won (now 930,000) for an essey that
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population was ‘'decimated'."9 Along the way, fifty million a year were dying
of wmalnutrition, famine gtipped wmany countries, the green revolution vas a
failure as yields were falling, 200,000 a year were dying of pollution, the
aidvest part of the United States was turning into a desert, diseases of al}
kinds were on the increase, and chaos was spreading. Amidst all these crises
was a badby boom in the United States.l10 thrlich concedes that it is "a pretty
grim scenario,” but, "unfortunately, we are a long way into 1t."1l 1In hie
succeeding works, it s difficult to find any indications of policy or other
changes that were made to ward off this catastrophe.

Ehrlich published his prophecies widely and in some surprising places like

the Jall Street Journal and Reader's Dl‘ut.lz He also called attention to

other works of similar orientation such as Famine 1975! America's Dectision:

Who Will Survive, by William and Paul Paddock.13 The Paddocks were as certain

couldn't even get past deaths correct. The authors had 500 millton people die
of famine in 1973-74. This s quite an achievemsnt since the deaths from all
causes in each of those two years was about 50 million. The prize vinning essay
vas published — Orville L. Freeman and Ruth Karen, "The Farmer and the Money
Economy: The Role of the Private Sector in the Agricultural Development of
LDC's,"” Tachnological Forecastin and Social Change: An International Journal
(Special Issue — The Woodlands Conference on Sustainable Societies: PFuture
Roles for the Private Sector), Vol. 22, No. 2, October 1982, page 184,

9ehriich, "Eco~Catastrophe,” 30.
10ghr1tch, "Eco-Catastrophe,” 24-28.

1'1!hr11ch. "Eco-Catastrophe,” 30. Elsevhere, he finds a "net result of 1.2
billion deaths, one out of every three people, is not inconceivable.” Ehrlich,

The Population Bomd, p. 47,

12pqu1 1. Ehrlich, “Work Population: 1Is the Battle Loet?" Reader's Digest, 94,

No. 2 (Ped. 1969), 137-140, and Peul R. Ehrlich, "The Countdown to Disaster,”
Vall Street Journal, 3, Dec. 1968.

134111100 and Paul Paddock, Famine, 1975! America's Decisfon: Who Will Survive
(Boston: Little, Browm, 1967) and Paul Ehrlich, "The Coming Famine,” Natural
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of the coaing catastrophe as Ehrlich. “Nothing cen stop the locomotive {n time.
Collision 1s inevitable. Catastrophe 1s foredoomed sece  Now {t g ¢oo
late . "14 There 1s 1little potential for agricultursl iacrease; hybrid vheats
arq little used ocutside the U.S. (and presumably won't be); food production 1s
static.15 pemtne — )97s; catastrophe — 1982.16 The four horsemen are in
their saddles and ready to ride.l7 Though world femine cannot be avoided, {t
can be “smeliorated”.l8 Amelioration consiste of saving ourselves and some
others but mot everyone. They state boldly, “Barewith 1s a Proposal for the Use
of American Food: Triage."19 Triage 1s based upon the Prench vartise medical
practice of separating the wounded into three categories: 1) those who would
survive without tmmediate medical assistance, 2) those who could survive but
only with immedfiate medical attention, and 3) those who could oot survive no
matter vhat was done for them. Obviously, scarce medicsl personnel turned their
attention to the second group, then to the firet, leaving the third group to

die. Triage as an international atd policy aergues that certain nations or

atdanatadansang

Bistory, 77, No. 5 (May 1968), 6-15.

14paddock, p. 9.

13Paddock, pp. 82-84, 78, 20,

16peddock, p. 8.

17paddock, p. 61.

10v1111em and Paul Paddock, Time of Pamines: Americs aad the World Pood Crises,
& nev edition of Pemine, 19751 with 8 nev {ntroductioa and poetecript (Bostom:
Little, Brown, 1978), author's

1%i111en and Poul Paddock, Peatne, 19751, pp. 207-209.
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Peoples are doomed and that food @ssistance merely delays and therebdy worsens
the inevitadle catastrophe. Further, trying to save the Rany could impery) the
future of the few. This view ie essentially a variant of the famed Lifeboat
Bthic, f.e., 1f too Rany are allowed on board, it sinks! There are, gs Rardin
ll’il in another but stmfler context, limits to sltruiem.20

Nineteen Seventy-five has come and gone, and so has 1982. 1¢ is difficule
to find evidence for the Paddocks' predictions. Yet fn their 1976 reprint (as
Time of Fanines), they confideatly sggert that “this volume demonstrates that ic
1s possidle to predict the course of at least some human events. 2] They made
no changes vhatesoever in their text to prevent any perceptions that the datas
vere “massaged-.22 In their postscript they accuge their critics of being
blindly optimistic, guiley of “boosterien worthy of Babdice,” and eimply not
knoving “what they are talking about."23 They aleo found the world's
Population to be “growing at an 8ccelerating rate,” which it was not then and 1o
not now.24 Unequivocally, they matntain that “the Time of Pamines 1 here.~25

Scientists such os Ehrlich end Hardin or applied scientists wich flield

experience such as ¢he Paddocks (an economist and an agronomtst) gave

20Hardtn, Limite to Altruiem,

214i111en and Paul Paddock, Time of Pamines, author's note.
22paddock, Time, author's note.

23reddock, Time, 252,

24raddock, Time, 251,

23reddock, Time, 252.
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respectabilicy to doomsday Prophecies. Even WOre prestige was added vhen the
Clud of Rome asked o gToup of M.I.T. resesrchers led by Donella gang Dennig
Meadows to do o study of the human predicament using computers and the world
dyn‘nteo 8pproach of an M.I.T. engineer, Jay Forrester. Asong the resules vas
the widely publicized book, The Limfes to Crowth,26 The tone of this volume {g
certainly not shrill, end their forecast for the 8pocalypse 1s on the order of

100 years, give or take 4 fow decades, depending upon assumptions. Their

general conclusion g that:

If the present growth trends ¢n w.l1ld Population,
1Muotr1¢untion. pollution, food Production, and resource
depletion continue unchanged, the limics to growth on this
Planet will pe reached sometime vithin the aext one hundred
Years. The most probable resule will be a rather sudden and

uncontrollable decline 1n both population and industrial
capacity.2?

The Limits to Growth study believes, however, that ecologically gound growth s

Sustainable far {ato the future pProvided that we change our ways. And, of

Course, the sooner we change, the “greater will be ecc [the) chances of

success."28

Ehrlich, {in defending the Paddocks’ advocacy of triage, makes reference to

Pascal’s Wager.29 Simply stated, Pascal, a Prench philosopher and

26Donella N, Meadows, Dennis L, Meadows, Jorgen Randers and William W. Behrens
I1I, The Limite to Crowth: A Report for the Club of Rowe's Profject on the
Predicament of e 1 1972; rpt. New York: Universe Books, A Potomac
Associates Book, 15715.

27Meadows ot al., p. 26,
28gnriich, “the Coming Paaing.”

29hr1sch, “The Coning Pemtne,” p. 8, ond Ehrlich, The Population Bomd, pp.
179-80.


http:Wager.29
http:Grovth.26

nz

sathematician, probability theorist and gambler, reasoned that belief in the
Christian God entitled one to an afterlife of eternal blies and that non-belief
®seant damnation. If there was no God, both the bdeliever and tho non-believer
nr: desd. The non-deliever gained no beunefit for being right but suffered o
loss for being wrong, while the believer benefited from being right but suffered
no loss as a consequence of being wrung. Consequently, there was everything to
gain and nothing to lose by believing in God. Pascal aleo looked at the odds of
eternal life against the short period of one's terrestrial 11fe, 60 even if o
price had to be paid, it was suall in comparison to the gains. Similarly,
Ehrlich argues that 1if the Paddocks (and Ehrlich himself) are right, we can
expect disaster, and 1f we accept their rightness, then through triage and other
actions we can ameliorate the forthcoming catastrophe. Presumably, {f they are
wrong, there won't be a doomsday even if we practice triage.

There 1is a series of obvious fallacies fin Ehrlich's reasoning. Practicing
triage {s oot costless, particularly {f the doomsday forecasts are vrong., If
advocacy 1s successful in changing policy (and, after all, that is the object of
advocacy), a wvery large number of people would suffer privation and possibly
death who might othervise be helped. And what about those who create the
practice of triage? Keeping others out of the lifeboat fsn't a plsasant thought
and 1s fraught with moral and ethical implications even when the lifeboat is
full c¢o capacity. And, {f it o far from capacity, keeping others out {1e
domright tmmoral. Certainly, triage 1s not consisteat with Ehrlich's statemeat
elsevhere that we “must all learn to identify with the plight of our less

fortunate fellows on Spaceship EZarth 1f we are to help both them and ourselves
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to survive."30 The Pascal's Wager argument 1s equally applicebdle (or
inapplicadble) ¢co any doomsday scenario and to the fimplied policies. for {¢q
pPreveation.

; Besically, Ehrlich favore foreign atd by countries like the U.S. with
special emphasis on the “technology of birch control."3l pg pge spoken against
“the export of death control,” which one suthor, John R, Maddox, terwmed
“paternalistically offensive."32 Yet Edrlich does find that Rardin in his
book, The Limits to Altruiem, arguing for inequality and privilege, “makes his
Case straightforwardly and in eome ways persuasively.“33 Hardin is basically
@n opponent of aid to pPoor countries and makes a strong appeal for privilege
both within poor countries and within the world community.34 Jay Porrester's
work also has ¢ political and 1deological isplications. Forrester developed
the systems dynamtics approach that was the basis for the femed Meadows report
commissioned by the Clud of Rome on the limits to growth. Be admits that his
work might “give the appearance of favoring upper fncome S§Ttoups and industry at

the expense of the underemployed."35 Harvey Simmons fiands Forrester to be

30Ehritch, The Population Bosb, p. 2.

3ghrltch, “World Populatfon: A Battle Lost?™ p. 140.

32j0hn 2. Maddox, The Doomsday Syndrome (Mew York: NcCraw-u111, 1972), p. 60,

33paul 2. Ehrlich, reviev of Gerrett Mardin'e book, The Limits of Altruiem, in
. —_—— il
Buman Meture 1, No. 3 (Mar. 1978), 20.

MGarrett Sardin, “Rthical Inplications of Carrying Capacity,” end “Who Cares
for Posterity?” tp Rardin, The Limits of Altruiss, pp. 46-69, 81-84.
N

Squoted by Sarvey Simmoss, “"System Dynsatce and Techaocracy,” 1a R.8.D. Cole,
Christopher, Preesan, Marie Jahoda and K.L.R. Pavitt, ods., Thinking About the
Puture: A Critique of the Limite to Growth (London: Chatto T U!R'Gno Tor Suseex
University Prese, 1974), p. 200. (Reprinted tn the United States as Modele of

Doom: A Critique of the Limite to Crowth, New York: Uaiverse Books, 1¥73.)
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{wpatient with democratic processes and in favor of policies that reduce health
care and food supplies in order to save the VWorld System from collapee.36

One of the fronies of the basic criticiems of doomsday forecasting {s that
th& very politice criticized, the export of death control and food assfetance,
may be critical faccors contriduting to the solutfon or at least the
amelioration of the population problea. It {s generally recoguized that falling
faofant wortality rates will eventually lead ¢o falling birth rates. Since a
fall 1in birth rates begins later and iniciully falle more slowly, the first
impact of decreased infant morctality and extended longevity f{s to increase the
net reproduction rate (birth rates uinue death rates), f.e., {increasc
population. In time the falling birth rate overtakes the death rate (or at
least the rate of decline of bdirth rates is greater than the rate of decline of
death rates), and what s called the demographic transition takes place as f{t
has {n the tndustrialized world. In the 1960s it may have been naive optimien
to believe it would teke place in the third world countries. But from the mid
1970e on, there to increasing evidence that precisely this transition hae been
taking place. Even the Ehrlichs now recognize that “equity” seems to bde an
“essential factor" {n “reducing birthrates”. “When people are given access to
the basice of 1ife -- adequate food, shelter, clothing, health care, education
(particularly for women), and an opportunity to improve their well-being — they

seem to be wore willing to limit the sigze of “heir femilies. ")’

363immons, pp. 199, 201.

37peul R. Mhrltich and Aane A. Ehrlich, “What Rappened to the Population Bosb?”

HBuman Nature, 2, Mo. ! (Jan. 1979), p. 70. The Ehrlichs are mcre ceutiocus and
subdued In this plece. In all wdesty, they consider that “avareness” genarated
by books like The Population Bosd contributed to the decline in the dirthrate in
the U.8. Poesibly people were oo frightened after resding the bdook that they
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The genersl world Population picture is epotey, giving considerable grounds
for hope and algo for serious concern. A mmber of formarly poot countries have
emerged as middle iacome countries vith 11fe expectancies &pproaching those of
iodustrial countries and with bireh retes that have fallen dramatically g,
Teceat years. There 1o otrong and increasing evidence of falling bireh roces ia
808t countries, evea the pPoorest ones. Nevertheless, there 1o csuse for concern
because the evidence 19 weskest for the Indian subcontinent, vhere population
control 4s needed badly, end for Africa, where {in ®any areas there 1§ pno
evidence of Population slowdown, Recent World Pertilicy Surveys tndicace that
1o most parts of the world women desire fewer children. Further, age ot
asrriage 1o rieing, reinforcing other treads for lowéring dirch rates. Peaily
Plenning programs are Succeeding.38  Seq11, qven 1f our wost optimfetic
interpretations of the population data are correct, there ottll vill remain o
Population problem. As gvery demographer (doomsday prophet or other)
fecogaizes, even when fertility falle to net reproduction, the young age
otructure of' & previously groving population can @280 population growth for
decades bdefore f¢ levels off. and the current optimien about Population growth
10 baged upon declines in the rate of populetion {acrease.

The question 1s mot vhether we have problems of food oupply and population

were wnable to have sex. 4 8 matter of fact, the bireh rate io the U.S. begen

to fall 1o the late 19508, end the sbsolute suader of birthe begen falliag ta
the early '¢0s.

”8«. @moag the many sources 00 curreat populetion end popuiation treade,
Population Re Tte, Series ¥, Mo, 3, July 1979, “The world Perttlfey Survey:
!\gnunt Btatus eand Pindings,” and p lation Reports, Sertes M, No. 4 (Nev,
1979), “age ot Marriage end Pertility.” These surveys aleo {ndicate that oaly

about half of the women ia the wrld sre swere of sodern bireh contrel

techaiques Siving comstdersdie room for expension of fenily Planning progreas
end for further veductions ia the bireh rate.


http:succoeding.38

121

but what kind of problems and how bed they are. Many contend that the prodleg
is not aggregate food Production but rather incose distribution.. D, s, Miller,

in & reviev of Nutrition and the World Pood Criefs, states: “Pood requireasnts

are; about 2.000 kilocalories per dey per man, woman, and child, and global
agriculture produces something in excess of 4,500 kilocslortes per head per day
of crops suttabdle for bhuman consuaption. Much of this food ie used
ioeffictently for feeding livestock to provide animal producte for the rich, but
even so0 there fe abdout 2,500 kilocalories per head per day available for human
cone'wmption. S0, plesse let U8 not hear about the 'World Food Criets"."39 And
the suthor further argues that “all the evidence suggests that farmers can cope
vith the supply prodles Providing it 1s made worth their while."40

There s 1n fact consideradle evidence to Support thie last aessertion.
There was another otudy commisstoned by the Club of Rome about the time of the
Meadows report. Thie one was oa the theoretical mxisum food production
possible in the world.él They find that “taking fato sccount the poesibilicies
of irrigation and the limitatiocns of crop production caused by local soile end
climatic conditions, the absolute maxisum production .., fe almoet forty cimes

Che present ceresl crop production,”42 Calculating on the bests of oixty-five

390.8. Miller, “What Pood Crises?” A reviev of Mary Alice Calfiendo, Wutrition
and the World Food Crises, tn Nature, 201 (Sept. 27, 1979), 323-324.

Owiller, 324,
‘1p. Burtngh, 8.0.J. vea Noemst and G.J. Staring, tation of the Absolute

Maximum Yood Productios of the World (Vegeningen, Netherlande: Dupartmesnt of
YropIcal Fl!'Eho«. Agricultural Ustversicy, Wageningen, The Netherlande,
1973).

2puringh, ot al., p. 1.
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percent of the total of available lend (eixty-five percent being the Percentage
of the current land in Production that s ceresl crops), the poténtial output {s
thirty times the present production. The authors aake s number of assuaptions,
such s use of the latest technologies, fertilizers, seeds and multiple cropping
during all the growing daye of the yojr. They recognize that fn each specific
area there are reasons why the abeolute @axisum cannot be reached. Even so, 1t
does {ndicate o potential for agricultural development chat {4 considerabdly
beyond current production.4) Further, they assume no change fa technology.
Some of the research efforts and poseidbilities recommended by the National
Research Council of the U.S. National Acedemy of Sciences are simply astounding
in their potentials. Asong others are further possidilicies for genetic
manipulations of Plants, development of nitrogen fixing bacteria for cereal
crops, improvement {n photosynthests, and production from curreatly unusable
scidic eotls.44 Thege are not Ple-in-the-sky recommendations. Much of the
research that the MRC called for has been under vy for some time and shows
oigns of success.4S

On aineral fesources, the same story preveils. Robert Solow, {n combating

43In some cases, their assumptions tura out to be too conservative. They assuse
that eighty percent nf the arable land tn Aste fe in use. BSatellfte data aow

indicate that {n 1978 “only seveaty-three perceat of land waes being used for
production.” Our lhﬁu_“lcnt Rarth: A Rand McNally Atlee of Rarth Resources
(Chicago: Rand Ncia Y, o Pe &9,

4uor1d Peod end Wutrition: The Potentisl Costributioss of Research, prepared
by the Steering Committee, MC Study os World Peod end Mutrition of the

Commnicofon on Internatiossl Reletions, Netiousl Research Council (Veshingtoa:
Nationsl Acedemy of Sctiences, 1977), . §-10.

37or enample, o the Poosidility of meking plants much more effictent fa thetr
phetosyathests, see Robdert C. Cowen, “Coning: A Leap ta Peod Sepply?”
Chriotion Sctence Monfter (Dec. 12, 1979), P. 16, and Peter J. Voik, Doowsdey
Bse Been Cance ver City,:CA.: Peace Prees, 1970), pp. 7¢-77.
M
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scse of the fears of isainent resource exhaustion, gives the follovtn. u.Ss.

government estimates for yeare of availadility and the crustal asdundsnce of some

of our minerals.46

Known Ultimately Recoverabdle Crustal

Reserves Reserves® Abundsnce
Coal 2736 yre. 5119 yre. —
Copper 45 340 242x10® yre,
Iron 117 2657 1815x10
Phoephorus 481 1601 870x10°
Molybdenum 65 630 422x106
Lead 10 162 82x106
Zinc 21 618 409x10°6
Sulphur 30 6897 ~
Uranius 50 8453 105530‘
Aluainua 23 68,066 38500x10

® vith current techoology

Solov defines “known reserves” as those recoversble using curreat technology.
Technology 1¢ continuslly Creating nev resources. Resources do not exiet apart
from techoology. The raw uaterisle of the untverse become useful to bumans and
therefore resources & & result of technology change. Purther, science and
technology are, through processes of alloying, creating nev materials. Thie
allowe for resource eubetitution in cese of escarcity., as Eany writers have

aoted, long before one tuBs out of o resource, thers are myried poseidiliciee

6Rodert Solow, Lecture, Untverstcy of Noustos, Fall, 1976. Gemersl Dets of
Selev en crustel abuadence 1o oupported by Vajk, pp. 64-63, and Cole, p. 3.
See aleo Rathea Rosesber » “lesovative Respease to Materfal Shortages,* The
Americea Bcoancafc Review, 63, No. 2 (Ney 1973), 111=118, ead Scett Gordon,

y'o Apocalypees Yesterday's,” The Americen Sconomic Review, 63, Wo. 2.
(Mey 1973), 106-110. 4 seuinal work on the Ristory ef Tesource aveilabilicy n
the Uatted States 1o B.J. Barnett ead Chandler Moree, Scarcity and Croweh
(Baltimore: Johas Sophine Datv. Preces, 19¢)).
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for recycling and Teprocessing waste,

One wonders, 1f ¥e are being overvhelmed by Population and ‘ere at the game
time running out of Fesources, as the doomsayers inefst, what hag been the
ggregate impact upon the worid's People? Despite all thig travail, economtc
development hes been unprecedented and hgg exceeded all forecasts.

In average Per capita income the developing countries grew
Bore rapidly between 1950 and 1975 — 3.4 percent o year —
then either they or the developed Countries had done 1n

comparable perfiod g the past. They theredy exceeded both
offictal goals and private expectations. Thee this growth
vas real and not simply statistical arcifect ®sy be seen {n
the progress that oecurred olmltamouoly 10 various indexes
of basic needs. Ircreases in life €xpectancy that required
8 century of economic development {n the industrialized
countries have bdeen achieved {n the developing world 1n two
or three decades. Progress has been made 1n the world 1n
the eradication of communicable diseasas. And the
Proportion of adyles in dcnloptlz’ countries who gre

literate has increased oubouuthlly.
Preliatnary date from World Bmank and other sources indicate that, though
development has been slowed, 1t heg continued through the latter pert of the
19700.48 14 ¢he United States econcmic §rowth slowed during the 19708, but 1t
Vas not vastly lower than that of the 1960s. Despite the carcinogens in our
food and the pollutants in the air, we added 2.3 years to our life expectancy at

birth dringing tc to 73.2.49 1y, brings to a total of ~ver thirty years that

47pavid Norewets, Twenty-five Years of Economic Development 1930-1973
(Veshingtoa: The World Benk, 1977), P. 67. See also his article, same title,

in Plassce and Development, 14, No. 3 (Sept. 1977) 10-12,
ﬂ

4830¢ Vor1d Development Report 1979 (Vashington: The World Bank, Aug. 1979),

aod The Planets Product : ress Des

Blues 1977-1978 (Vashington:
] . ")o
Oealth ited States (Vashington: 0ffgce of Realth Research, Stattotics and
Techmology, Mblic Beelth Service, U.s. Dept. of Meslth, Bducation, and Welfere
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Ve have gatned 1 11fe €xpectancy thie ceutury. With 411 the ways thae ve abuge
sodern technology, Just think of the gains Ve, can make (and have made) wich ics
Proper use.

Of all the resource questions, energy 1o the BOSt complex and

shortage. Currently, Tesearch g going on toward improved vays of ueing foestl
fuels, equch @ coal, toward nuclear fusion, and toward solar, wind, ocean
current, aud geotherma] Sources of power, In the lag¢ fev years vith {ncreased
prices for o1} and perfodyc uncertainty of cnuabutty. the ot} hporttn.

industrig]l Countries have aade significane improvements io energy Conservation,

to explofit them cheaply. The availabiliey of cheap gas and 01l has undoubtedly
delayed work in all thie res, but there 18 00 reason B0t to Dbelieve that
eventually we wi]) Succeed in thig 8res as we have done 1n other Areas in the
past. The canard that there ie insufficient uraaiua for nuclear power in the
United States or in the world Juet will pot stand yp ¢o ecrutiny, S0

Many of the doomsday deadlines noted earlter g this article have long

Passed, bdut thie has ot sloved the tempo of guch Prophecies. The Limits ¢o
\

1979), ». 115. See aleo Suean Previent Lee, “What'q Reeded 1o Affluence,” New
York Times

» 4, Jan. 1980,
303qe, for example, Kenneth §, Deffeyes and Ian p, MacGregor, “World Urantus
Inourcu.' Scientific American, 292, %o, 1| (Jaa, 1980), 66-76, or table above,
On ebergy ol!!cloncyhnnrnt!oa. 8ee Robert Stobsugh gnd Denfel Yergin, eds,,
Energy Puture; The Report of the Rarverd Busines Project (New

ork: oa House, : riff{n nry 3. Steele, Iner
%(M York: Acedentc Preas, 1980), cn. 7, pp. 212-242,
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M book has the twenty-ainth dey riddle. 4 "11ly plant doubles in oize each
day. If the 11ly vare allowed to §¥ov unchecked, 1t would completely cover the
poad fn 30 daye, choking off other forms of life {n the vater.” On whee day
vill the 11ly cover half the pond? The tventy-ntnth.51 1y, twenty-ninth day
riddle has become commonplace among thoge vho are fesrfyl of the future
iwplications of cutrent economic trends, 52 Past prophectes B8y not have been
precisely right, but we gre varned that the pond 1s half full,

People n ¢he Uafted Scates aud elsewhere ore living longer a¢ higher
Baterial etandard, of living and vith wmore eoducation than any previous
generations have ever koown. The question arises as ¢o vhy the gloom about the
human predicament gnd wvhy the prophecies of Cutastrophe {n the name of eclence?
Though I do not pretend to have 4 complete @nsver, I will offer o0me comments
that mighe contribuLe to o partial undcnnndlng. That wa have 4 long history
of @pocalypttc predictions megns that in gome vay thie vieton te part of our
culture, an &ssuaption ap:ly demoustrated by other e88aye 1in cthie volume,
Recently, this 8pocalyptic vieton has tended to be clearer and stroager on the
coming catastrophe than oq the nev: world thet will artee from ft¢. Religious
vieionaries {n our eociety have boch condemned wodern ocience and tried to use
1t to buttress their belfefs. It {e nudonuudablc. then, the: gome segments of
the pubdlic wil} respond to predicetons of calsatty by ocientieta. It g, lese
understandable that ocientiste would make their eensational terms that are alfen

to the ethics and 80res of modern ecience.

’lm.‘m et .lo. . 27,

32there 16 even o book with the ticle; Lester R. BDrown, The Twent -Ninth Dey:

Accommodat { Sunen Needs and Bumbers to the Barth's Resources (Nev York: w.u,
rton, .
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In the predominantly Protestant Christien culture of the United States and
the Christian culture of the European industrial countries, the work ethic hag
Played an fmportant ideological role in explaining and Justifying inequalicy of
wesdth within a country and among nations. It has become obvious that we have
to work less to 8cquire our daily bread and that this B8y cause guilt pangs 1n
terms of traditional beliefs. If we are draving our usufruct too easily,
something must be vrong. The party is over. The price we paid 1is insufficient
and 80 we will have to pay the full price some day soon. To use Ehrlich's
baseball metaphor, “Nature Bate Last."53

T.C. Sinclair argues that there has long been a strain of religious thought
in Western culture that opposed economic progress, particularly
industrialization. Quoting R.W, Tawvney, he notes that advancing wealth wae
viewed as bringing with {t avarice, cupidity, and s veakening of traditional
relationships. "Much of the woral idealisma which in earlier times found
expression in various Sovements of social reform sppears now, particularly {n
the USA, to seek an outlet in the environmentalist movement."Sé Pollution has
become a symbol of our woral degradation. We have sold our soul for affluence
and the judgment day will soon bde upon us,

In this author's Judgment, there s considerable coafusion on the issues of
development and resource limitation, oving to a lack of understanding of the

nature of technology and technological change. What the critics of wodern

33ghrigeh, "Eco~Catastrophe,” 32.

341.c. Stnclatr, “Environmentalism: A la recerche du tesps perdu ~-- bien
perdu?” in R.8.D. Cole ot .lo. p. 173,
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technology fatl ¢, realize 1g thge the main difference betwveen Curreat gng
earlier technologtcal change and diffustion ig ocoe of gcale. Nodern technology
is truly global io {te fwpace. Modern technology ¢ o prodles solving Process,
and prodles solving generally creates other problems to be solved. Mve
centuries or wore g0, before the development of flues, Buropeans heated thetr
homes (1.e., solved the problem of cold) end Crested massive amounts of
pollution indoors, People throughout the world have (and %40y continue to 4o
80) dravn their vater from locsl Sources that are uged for animals end the
Tepository for various wagte materials. They are using aend drinking polluted
vater. Those lucky enough to have 8ccess to modern technology heat or cool
their homes ofﬂchntly and drink (nlat!vcly) clean water, Pev would argue
that thege Prodlems are not solved better than they were Previously, but 1n the
Process of solving them, w, the Creators and users of the technology, have
Succeeded 1p creating air gng water pollution that transcends the home and
village and encompasses Tegions, countinents, and i, of near global pProportions.
To argue that sodern technology Creates pollution vhile earlier ocnes dida‘'c g4
to deny the facts of res) 11fe experiences oi moet of the world's Populstion.SS

The difference is that our prodleas now trenscend the hoge and village end sust

exploriag the coaditions of 11¢, in prior times, ohowing hoy unplessant they
vere compared to the preseat, See, for example, the dolighttul book by Oteo
Bettimana, The Good 014 Deys - Thay Were Terrible (New York: Readog Rouee,
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The scale of sodera technology 1¢ aleo s factor {n technology transfer gnd

the change 1t engenders. The rapidity and |agnitude of the Potentisl culeure)

improvement bye also for cultural advanceamsnt., I sum, induetrisl technology
dvarfes our previoue technologties 1n its power to do good or evil, Those who
would have us reject {1t are, to say the least, confused. The real choice 1teg
in the opportunity ¢o understand the nature of technological change and to use
ic tntclugcntly to serve huagn purposes.

The economics model (meantng the bastic body of theory and method used by
WOst economists) &rgues that we have 1ictle ¢o worry about from resource
exhaustion. Ag 4 uineral or gome other resource becomes more scarce, the price
Systea acts as o aschantiea for traneaitting thie faformstion. As the price of o
Tesource rises, we fiod ways of couserving it gnd we work to develop technology
to use it wore cfﬁctcntly. One author hee noted that as we @ove to greater
resource scarcity, pollutton becomes less: of 8 prodlea bdecause there will be
less waste of Tesources (ponutlon) wvhen the Tesources are ucarce and thetir
eXpense relative to the Price of labor gnd capital,S6 Rising prices of one
fesource cause substitution of less ocarce Tesources. It appears that {n the
blologtst, ecologist, end Club of Rome wodels, feedback sachanisms tend to
worsen prodlems. Frog Malthus ouvard, forecasts of dooa almost iovariadbly are

based o0a o form of exponential growth thae brings the end Upon us suddenly and

“uomur.. 116,
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without varaing, However, those who accept such forecasts will not be Surpriged
by the end, tn ¢ne vay that those who 8ccepted the fafch wuldn'c be ourpriged
at ‘either the %pocalypee or the golden age that followed, In the economigt

redemaption,

In his delighety) book, A _Chotr. of Catastrophes, Igagc Asimov traces the
etymology of che word 'catu:ropho' to the Creek word Beaning to tuprn upeide
down,S7 There {4 irony here, since |any of our contemporary Catastrophigtse
have turned reality upgide down {n thetr Predictions of cataclysms thee have yot
to occur, Becauge of modern ecience and technology “we 1ive longer, healthfer
lives, yet gomehow dtuutc-uchmlou enthusiggty characterfze these oo
duch-duung oystens. Thie topoy-turvy thinking 14 el\auctoruuc of the
|Ovement.

Much of sodern antt-uchnology writing 1g on fature and natyral phenonenas
Such as natural food or the natural functions of the land. Taken llunlly_.
such Provouncements gre fonsense. Numang have alvays been tool users, and this
in ftses: Sives ug 4 different role in the echeme of things, Malcolm Slegger
vrites: “The producctvlcy of a natural €Co-systea {g @round 6 kg, pPer hectare
Per year of Protein suitabdle for humans, end this 1¢ only obtainable from the

better lend 0o the earth'sg surface, Concclnbly. such an unintensified systen

aight Support around two hundred afllfon people, o figure Sutpassed by the

371s0ac Astmov, A Chotce of Catastrophes (New York, 1979), p. 13.
N
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Middle Ages."58 long before the Middle Ages, of course, humans were

transforming the esrth through agriculture and husbandry. 4 Rene Dubos has
aoted, “Human beings have Probably never been in real 'balance’ vith thetr
environment cxcﬁpt under conditions vhere population density {g extremely thin,
@8 in polar regions or the Australian desert.39 don't 1ive 1n 4 natural
enviroament, and, with over 4 bi1llion people on earth, we cannot recreate one.

Obviously, writers do gnot ®8an a literal “return to aature,” though one
vonders why they continue to use the phrase. All technologies — ®odern,
alternate, or vhatever — iavolve bhumans living {n an artificiqgl environment.
It 18 not the naturalness thet g4 important but the quality gnd Sustainabilicy
of the 1ife purposes that can be carried out,

Great emphasis hgs been placed on the "redundancy” of eimpler technologtical
Systems and the security that thie confers. The theoretical relationship
between comploxity and reliability 1¢ often 1llustraced with reference to euch
disruptions ag pover outages. Twice in over a decade the lights have gone out
in New York City, and critice point to the vulnerability of sodern technology.
Presumably, they take for granted the reliability of electrical systems that
work for years vith only occasional disruptions. What would they have us
compare our electrical systems to for reliability -- candles?

When 1t comes to the basic “11fe-support System,” it s clesr that modern

LI LTIy
38Malcoln Slesser, “Energy Requiresents of Agriculture,” {n Yood, Agriculture
and the Eavironment, ed, John Lenthan end Villiem V. PFletcher Nev York, 1976,
P. l.

39%ene Dubos, The Woolng of Rarth (New York, 1980), p. s7.
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technology has crested & redundancy never before achieved. Bagic to 1life
support is the provistion of food. Modern technology has tegularized ong
stabilized food production, and this has been a factor 1n the staadily declining
dedkn rates that have accompanied the rise and spread of wmodern technology.
Despite estabilizstion of output, the msjor variable for agriculture rematns the
veather. An agricultural systes that 1s essantially worldwide pProvides greater
security against the vagaries of weather through greater redundancy. Our modern
transportation gnd distridution Systems provide the masns to slleviate gevere
need, the result being that “only a teanth as ®any people dted of famine in the
third quarter of the 20th century as in the last quarter of the 19th century,
despite the much larger populstion now."60

Redundancy s gt the very beart of modern technology. Bospitals have
backup systems. Planes can fly even with loss of an engine, or two. Bridges
are built with overload factors. And oa 1t goes. If backup systems fail in o
hospital, the disruption cen be Severe and lives can be lost. But the severity
of the disruption s o function of our tesporary inadbility to derive the full
benefit of o technology. If the technology were not inherently beneficial, 1te
lose would be inconsequential. 4As ve continually refterste tin our argusents
vith the small-te-beauttful enthusiasts, the aggregate evidence of mortalicy
attests to the redundancy (i.e., safety) of modern technology. With the opread
of modern technology, death rates are falling almost everyvhere. The wery

Success of technology in protecting and sustaining 1life leads to the oeed for

60Julten L. Siwon, “Resources, Population, Environment: An Oversupply of Palse
Bad News,” Science, 208 (June 27, 1960): 143,
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Population control.

The human endeavor hee alvays bdeen subject to severe dieruption by natura}
hagards guch 88 earthquakes, floods, drought, aond vinds. pye even here,
technology Provides Protection. In 4 seningl otudy of natural disaster, Judich
Dworkin found that, with che exception of Japan, low death rates from disaster
Prevailed emong high-tncome countries.6l popere W. Kates argues that “deach
rates from natura] hazards 1n ¢he United States ®ay be down to the reasonably
Preventatle annug) alnimun,62 Kates cites the standard figures on mortalicy
from natura} disasters: g i a millfon 14 the United States, one 1n 4 hundred
thousand in the vorld, one fn ten thousand 1qn Bangledesh.63

It 18 true that wmost of the authors who vrite about rigke of natural
disasters al¢0 vrite of technological hazards., One Such hazard etems from a
villingnese People have ¢o 1live dovnstress from dams or ia coastal areas subject
to hurricanes. Our dems are go safe (not only {n construction but aleo becauge
of electrontc sensing devices), and our hurrtcano-nrntng Systems are go
cffccun. that some of us have been lulled. taco 8 falee sense of security, Byt
s donloptu country could fn fact choose modern technology while ohuluncouoly
Planning f¢e settlement Patterns ¢o avoid rigke, In already developed

Countries, undortauu fesettliement would be costly, Technologtcal hazards can

61Judien Dworktn, “Glopel Trende 1n Naturg} Disasters, 1947-1973,° matural
Razard Working Paper no, 26 (Boulder: Universicy of Colorado, Institute of
Behaviora} Sclence, 1974), ». s.

62800art v, Kates, Risk Assessment of Environsental Mezerd (New York, 1978), P.
11,
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be ainimized be exercieing common oense;. natural hazarde can be reduced
primarily with modern technology. When we look at death rates from all Causes,
it 1o undentabdle that modern technology has yielded a longer 11fe expectancy,

By hnvlng. tamed nature {n developed countries, wmodern technology hae
created the framework for the 11fe-styles that vin the plaudite of the back ¢o
bature euthusiaste, Natural or organically grown food is not o Prestige item {n
poor countries where dyeentery 1o Tampant, yet critics speak about the pollution
of food. Natural childdireh ®eans higher infant ®ortality except vhere
technology has reduced the general level of dieease. To poor farmsrs throughout
history, “nature" has msant floods or droughte, locusts or 111 winde. Modern
technology, n tempering these hazarde, has Siven the devotees of satitechnology
(or at least antimodern technology) the opportunity to pureue thetr own course.
lather than making each of Us &8 mere “cog in o machine,” wmodern technology

(partlcullrly vhen coupled with democratic political institutions gnd

before., Byt onall-gcale coamunities functionm insofar e people work together
tovard common goals, Choices are limited, oo tastes muet bde oiailar,

Decentralization i¢ another ideal of the suall ecale technology advocates.
And 1t would de o worthy ideal -~ 1f valid. The irony e that our centralized,
tochnologlully sophieticated, democratic societies are !uncttaully more
decentralised then say others. Do-it-yourselfness 1¢ 8 function of the
@vailadility of modern technology in the home, and many of the do-1t-yourselfers
8ls0 benefit from the letoure afforded by wodern techoology,

Ve can seek ¢o isprove our techaology and meke f¢ less haszardous; we can

otrengthen the democratic processes in the collective decietons that provide the
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framevork for our reage of choices; we can ‘work to give wore People access to
8ll the benefite of sodern technology. These goals are constetent vith trends
alreedy operative in modern technology. There are those of ys who 1ike modern
teghmology. If we uoashasedly continue to work to fmprove it, then achieving

achieve thetrs.

Poseibdly 4 position between these two models fe Sppropriate, or ot least
that te aine. Clearly, technology has solved msny problems, but 1g doing so has
Created others,. Poseidilitties of serious genersl Tesource exhaustion are
considered remote and virtuelly unlikely by moet aconomiets. Novever, there are
other thrests to human life thee are oot eignalled to us through price. Groupe
convened by the U.s. National Acedemy of Sclences have concluded that the
incresstng €02 ¢n the atmosphere is 1likely to lead to & varaing of the climate
and that chloroflurocarboas (from seroeol eprays) are edversely affecting the
O%one {n the stratosphere aod are theredy likely to tocrease okin cencer.64
0ddly, these are phencmsna with o very large potential for demege, yot they
receive far lego publicity than other lese founded pProphecties. Ome pPresumabdly
would be cheap to cure (there are slternate propellante for serosole), while
reductiog pollutfon furcher (which Ye are doing) will be costly but necessary ou
8 variety of grounds. Chlorof!uoroc.rbon 8re ocutleved in the United States byt
n!ortuaotoly they conttoue to be ueed eleevhers. Oue suthor, Professor Sylven

Vittwer, preseating a paper at the setings of the Asertcen Aseoctiation for the

ntcholas Wade, “CO2 ta Climate; Cloowsdey Predictions Rave o Peule,"
Science, 206, Mo, 442) (Nov, 2), 1979), 912-91), and T™homas R. Meugh, 11, “The

feat to Osone fo Reel, Incresetng,” Science, 206, Mo, 442) (Dec. 7, 1979),
1167=-11¢8.
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atomic power. After hesaring of fce enormous destructive povers, ome of the
senators asked {f we couldn't destroy all bomde and the knowledge necessary to
make them. The Physicist answered, “Senator, the bomb 1s here to stay; the
Quéetion fe, Is Man?" (ot of us would love to rid the world of destructive
vespons and the knovledge to make them. We can't. Nt w9 can control them. Ue
can't rid ourselves of sodern sclence end technology becsuse most people don't
vent to, and {f we were to turn back our technology very far the globe would
osupport far fewer of us, Nothing {n this study s intended to deny the sertous
nature of the world's population and resource problems. I & {n no way
advocating complacency. Rowever difficult our problems may be, there are no
ewpirical grounds for spocalyptic visfons of certain defest. WUe could lose, but
the blk of the evidence indicates that we probably won't. There s o solid
factual basts for casutious optimiem. Success {n sclving these prodlems 1s o
function of the extent to which human beings are villing to aect with
intelligeace and not of foherent enviroamentasl 1imitations.

Of all the matephors for our sodern predicemsent, the one of Spaceship Rarth
S0ems most apt. It recognizes that we live together in o oystem and must work
together cooperatively eo that ¢ functions for everyone's beneffit. The
Spaceship also oyabolizes human beings' ability to use ecience and technology
creatively to bresk barriers thet were previously restrefning. Mankind fe
copable of eoaring toward the otars. John Dewey probably suse up wy arguments

better then I can:

Man who lives in & world of hazarde fe compelled to seek for
security. Ne has sought to sttein it tn twvo wvays. One of
thea begen with an attempt to propitiste the povers which
environ hia end determine hie destiny .... The other course

Frovivus Puge Livax



139

Attachment C

TECHNOLOGY AND THE UsE AND CREATION OF RESOURCES
= == ZREATION OF RESOURCES

The vartous catastrophic visions that sav the world exhausting energy
Tesources, uinersls, land end bresthabdles were directed mainly towards the
activities of the industrial countries. Yet, {f glodal 1limice ¢o growth had
been reached, economic policies for boch the industrig] Countries and the lege
developed had to take this “face" iato account. Much of the impetus for cthe

That the specific catastrophic visions have not been borne out does not negate
the possibilicy chat cthe forecasts on minersls may have been more accurate. In
this chepter, we address the question of the nature of minersl resources and the
Possidilicy of ainersl availabilicy for une {n both developed ond underdeveloped
countries.

The earth consists of & hot wolten core (of mainly fron and oickel and
poseibly sulfur), o solid but hot mantle (contatnu‘ most of the elementr) gnd
@ crust (of 1S5 to 30 miles thick on land, consideradly thinner under the oceen).
In cthie Crust, the eight wmoet Common elements constituce about 98X of f¢ by
veight and even more by volume.

0f these eight, oxygen aend silicon together comprise about 75% of the
earth’, crust by weight. Aluatnua 1s o little over §X and iron s 5. The
other four, calcium, eodium, potaesiua, and tagnesiua, reange from about 2% to
Just over 3128, These eight elements alone, with carbon and eome trace elements

(utrogoa. oxygen, and hydrogen fros the afr, as well oo oxygen and hydrogen for

Previous Puce Plank
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Before exploring the detstils of minerals availabilicy, 1c 1¢ necessary to
develop further the functional theory of resources and the evidence for ie. $So
such has been said about the limits to growth theory that ®any othervige
educated people seen unavare that there 19 o different theory.

1) Limits to Growth Theories. The basic belief g that most resources

(pu-tleululy minerals and non-eolar energy) are in some sense finite. The
faster they are used, the esooner they will be exhausted. Exponential growth n
Tesource use will reeule in eudden and catastrophic collapse. Increased
efficiency 1n Tesource use, new technologies, recycling, and other forms of
Fesource coneervation wi}ll only poetpone (generally o decade or less) byt oot
pPrevent collapse. The only long-term solution to finite resources is population
control, zero economic growth, and a ehift ¢o renevable resources in all areas

of human 1ife,.!

2) Criticel Resources 1n Short Supply. Thie position s consietent wvith

(1) above or with (3) below. Certatn key mineral or energy resources are in
short eupply and are likely to be exhausted within a few decades. Por sany of
" their uses there are reasonable substitutes, but for oone there are no
substitutes. In our complex economic and technological structure it {e
difficult to aseese the extent of the adverse effect of these resource losses,

but they are likely to be eignificant. As noted, one can hold to the concept of

IThese and oimilar otrategies for preveating resource exhsustion were coneidered
to be “fallacious” by the Paley Commission and were called “a hatrehire coacept
of comservation which makes {t synonymous with hoarding”. Resources for
Freedou, Communication frog the President of the United States, Traneattting the
port of the Prestdent's Materiale Policy Commiseion, June 1952, Washington
D.C.: 0.8, Covernment Prioting Office, 19352. Pive volumses, Doc. 327, 82nd

Congress, 20d Session. Benceforth cited as The Polcz Commieeton Report, op.
C‘to. P. 2!. Vol. 1.



goted ahove, 1t is possible that resources generally amight pot be exhausted but
there are, using current technology, some Specific resources in short supply, or
else they are 80 costly ¢o obtain as ¢o be uneconcatc, In thig case, mankind
hnoia problea of conserving existing Supplies and Creating the technoiogies for

eV supplies or aev materia] substitutes, The fssue {, one of creating new

exhausted Tesources are truly exhausted and therefore require o fundamental
redirection fn economic gnd technologtcal activity. There are no technologtcal
solutions. Atto-ptlng to solve resource Probleme wich technology {1, 1llusory, o
technical fix that won'e wvork and in fgce will make things worge, To the many

llllto-to-grovth theortsts, technology 14 the cause of the prodlem, not ¢he

solution,

Tesource exhaustion, even for epectifyc Teasons, Hovever, gome key aminersls
(lucludlng Some of the mogt abundant) gre distributed g high Coaceatrations in
Some gregs, Thus, there my be pno global physical shortage of these
e€conomically explofictable resources; hovcvcr. inst{tutiona] !actoro. such gg
political coaflict or odimple economic blackmai] By dierupt the flow of

Tesources and cripple other economies. This {4 trie whether ¢ be an adverse
rising price of ofl, or a potential crippling of industrial economies due to o

lack of energy or essentiq] ainerals. Where allitary prowese 1 a fuactfog of

ocieace, technology, and industry, industrial disruption can have more serious’

ﬁ'"&"@"llud.i AUy 2, [ el
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of nev resources. “Resources are aot, they become; they are not statf{c Wt
expand and contract in Tesponse to human wante gnd human sctions.”)

There s considersble historical and ocientiffic aevidence for the
Cornucopian position on resources. It {s true that people at times have rup out
of specific sources or defense of one's own has been s caussl factor for armteg
marching. Rnown sources of tin were exhausted in the Middle East several
thousand years ago, thrutcnln. the Bronze Age civilizations of that time.
Then, however, improved vays of working with iron were found.é And wore
recently, supplies of vhale ofil were becoming incressingly ecarce Just a5 we

vere learning to explore and drill for ofl.

Pnnutn‘ Economists' View on Resource Exhaustion and Historical Evidence

One of the most comprehensive vorks on the economice of historical resource

use in the U.S. ¢ the 1963 study, Scarcity and Growth: The Economics of

Natursl Resource Availabiliey, by HRarold J, Barmett end Chandler Moree.$

Barnett and Moree spell out the traditional view of fesources. “The belfef
8eems to be that natursl resources are écarce; that the scarcity fincreases with
the passsge of time; and chat Tesource scarcity and fte aggravstion f{mpatr

levels of 1iving and economic growth,"6 1o economiste, fincressed ecarcity

IZtemeruan, op. cit., p. 1S.

4Astmov, Chotce of Catastrophes, pp. 294-295.
N

3Baltiwore: The Johas Nopkine Press for Resources for the Puture,

61b14d., p. 49,

o
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1900. 1If, {n the 1970s, the relactve Price of some minerals or other resources
has increased, 1t 1, Dot necessarily the result of resource scarcities or
difficulties of extraction.

i Many of the Projections of yearly supplies of Tesourcer are a function of
the patterans of iovestment, exploration, and at times luck. 1In 1929 forecasts
vere made in the U.S. indicating only a ten-year supply of lead. 1In 1952 the
Paley Commiseion wvas fearful about lead supplies keeping up vith demands (even
vith high prices), though thetr Primary concern was for domestic u.S.

supplies.ll 1n 1972 The Linits to Growth study (using 1970 data) found that

there were from 2) years (vith exponentiel growth {n utilization) to 26 years
(vith a constant level of utilization),12 Current’ estimates of world lead
reserves are Senerally eotill 1n excess of 20 years. In fact, {n the last fevw
decades the ratio of reserves to yearly use has iocreased for virtually al1
miuverals and other Tesources. The wmost egregious and teportant exception {1s
petroleum and natural §as. From the late 19408 to the late 1960s, reserves of
iron ore tncreased 12212, sanganese 271, chromite 6752, copper 1792, and 1lead
1152.13

lop, ete., Paley Commission, Vol. II: The Outlook for Yey Commodities, PP. 5,
148-149,

ulhadon. Donellas H., et al, The Limits to Growth (A Report for the Clud of

Rowe's Project on the Predicasent of Mankind — g Potomac Associates Book), MNew
York: Universe Books, 1972, PP. 56-87.

13j0hn 8. Carman, Obstacles to Mineral Developwent, New York: Pergamon Press,
1979, p. 78.
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Ranganese as an alloy continues. However, new uses for manganese could reversge
these trends, particularly if Seabed sources lower {ts relative cost, 16 Algo,
with new technology, we learn to use resources more efficiently, Por example,
10 i1900 1t took seven pounds of coal to produce | kilowatt hour of electricicy,
but by the 1960s 1t took only .9 of & pound.l?

Necessity can also force people to use resources more efficiently g¢ the
shift to higher mileage cars in the U.S. dmnofntu. Yor example, tn 1943
Germany wvas Producing locomotives using 1/10th the amount of copper they were
using in 1942, Though resource-short, Germany ended World War II with greater
stocks of most raw materials than they had 1n 1939. This they achieved both by
greater efficiency of use and by resource substitution.18

The evolution of the Computer over the last three decades or so further
11lluetrates the Tesource-saving character of many technological advances. ENIAC
“contained 1,000 vacuus tubes, weighed 30 tons, took up 1,500 oquare feet of
floor space, and used up as much energy as a locomotive.” MNow " computer that

consumes no wmwore energy than a lighe bulb, that s emall enough to be lifced

160n the resource intensity of manganese, see Wilfred Malenbaum, World Demand

for Rav Materiale in 1985 and 2000, Mew York: McGraw-Rill, E/MJ Mining
Information Services, 1978, PP. 39, 42, &,

174athan Rosenberg, "Innovative Responses to Materisls Shortage,” Amsrican
Economic Review, Vol, LXIII, Mo. 2, May 1973, p. 116. See aleo by the same
author, N e of Science end Technology 1n the Nat{onal Development of the
United States,” 1n Villien Baranek, Jr. and Custav Ranis, Rditors, Scieance
Technology and Economic Develo nt, Nev York: Praeger Studies 1978, .
114-68. Also see The Paley Commission Re rt, op. cit., Vol. I, p, 116; and Ien

Barbour, Harvey Brooks, Sanfor LaKo Joha Opte, Eoergy and American
Values, Nev York: Praeger, 1982, p. 3.

"!dnrd 8. Mason, “"Natursl Resources and Eavironsental Restrictions to Growth, "
in Challenge, Jan/Ped 1978, repriaoted 1n Robert C. Puth, Currest Issues {n the
Aserican Ecoag. Lexington, Mass.: pC Meath & Co., 1980, p. 3085,
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continental shelf are two of the Southern Aftican otrategic ainerals, chrome and
the platinum group, but their exploitation 1 in the far distant. future, 2l

In eome respects we vwill never “run out” of ainerals. Except for those
aiguscule amounts that we may shoot fato outer Space, all materials uged will
exist {n eome form on earth. Some will be concentrated and available for Teuse
(1.e., recycling). Others will be sufficiently diffuee @8 to not make {¢

economically worthwhile to concentrate them for reuse. The Limits to Growth

estimated, for 1970, a 3l-year oupply of aluminua (assuaing exponential
growth).22  Aluatinug by most. calculations 1 Spproximately 8% of the earth's
crust.23 It 14 obvious from this and other 1lluetrations that exhausting or
running out of uineral resources are at best fimpreclse metaphors. In actual
fact, vhat they mean 1s the oon-availability of a resource in a concentration or
ore form that makes it economically usabdle with current technology. As we have
noted, technological change alters resource availadility. Most sconomists argue
that price changes signal resource scarcity and allow People to make approximate
adjustments.

Prices aleo aslter resource availadility, Ppor exasple, the Paley Commiesion

210n the continentsal shelf gee Pinchea and van Renesberg, 9p. cit., Chapter 12.

22Meadows et al, op. cit., pp. 36-7. Stmilarly, The Global 2000 Report to the
Presideont has a tadle vith 1970 date shoving an 8-year oupply of industrial
asonde, which means that by aov we have exhausted the reserves. Bowever,
wvorld merkets are curreatly glutted with all kinde of diamonde. See Ned V,
Dearborn, “Nonfuel Minerals Projections,” in GCerald 0. Barney, The Global 2000
Report to the Prestdent Vol. II: Entering the Twenty-Firet Centu + Washington

23ponald Brobet, “"Pundsmental Conceptes for the Analyses of Resource

Availability,” in v, Kerry Satth (ed.), Scarcity and Growth Reconeidered,
Baltimore: The Johas fopkine Press for the Nssources Tor the Etuu. 1978, P,
120.
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economically exploited goes dowm.... Therefore, it 1g simply not true, as §g
often remarked, that &verage rock will never be mined. As o aatter of fact, in
& fev cases we are already aining commodities a8 by-products whose &verage grade
ia the ore deposit 1s lower than that 1a the crust (titanium mined in beach sand
is an example)."26 To utilize these ever-decreasing grades of ore down ¢o
common rock will require greater energy to extract the ore, to reclaim the land,
since far greater volume will be processed for ore, and to counter the greater
pollution from §reater energy uge iteelt,

In the future, not only will energy be one of the keys to wmineral
availabilicy, but {¢ will aleo provide an experience and model for undcrotandtng
the minerals Problem. Had this chapter been vritten in 1970 on energy sources,
it would have been simple to point out the world dependency on petroleum from g
few concentrated sources. One could have noted the long term declining price of
energy and the historic function of science and technology 4n replacing
exhausted energy sources with new wore productive ones. Ons could have ooted
the multiplicity of new potentially inexhaustible sources, f{.e., geothermal,
tidal, solar, solar satellite, muclear fission and fusion, etc. Oune could have
noted the possibilicies for greater efficiencies and substitutions, such as
insulation for energy. Ome could have noted possibdilities of greater recovery
of oil, new finds, or obtatining oil from shale, tar, or heavy o1l deposits. All
of this was true then and remaing true today. Purther, policies are easier to

frame in advance of 8 crisis than after it is upon us,

263rooke and Andrevs, op. cit., pp. 41-42, For a table relating average rock
curreatly mined and crustal abundance, see Brobet, op. ctt,, p. 123,
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today {in cloctronlcl. vhere 1t ¢, such a prige and supertor uaterial thee it ¢
difficult to chink of lasers, diodes, or seai-conductors vithout f¢ 31 In
1950, titanium weg Just aerging a5 o significaent metal. It weg “Produced on a
Woderate tndustrig] scale”,32 ehough 4 Vs already recognized that fte ugq
u;le expand gTeatly {n che coming dacades, Today, one rarely gees o 11st of
Strategic aioerals that does 2ot {nclude titantua gnd refer to 1¢g use with
8luainua for aircrafe, Io the P.lcz Commission Inggrt. tantaluas {g sentioned
rarely and only {n conjunction wich other metals, At the tige the report wag
1ssued, the U.s. Government wag already busily looking for worldvide sources
for 1t and columbium, Por the Past thirey Years, it hao been o aioeral tn vhich
there has been periodic shortage. Stnce 1975, the u.s, Goverament he, been
Stockpiling f¢. 33 Vanadiua 1g 4140 treated lightly tn ¢he Paley Commisston
!!2255 and referred to a8 “the least critical of 411 the alloying elements ysed
for steel making, “34 It 1 tntoroottn( that & news iten 8ppearing as thie s
being written refers to U.s. high technology of being sold ¢o China 1n exchange

3llbtd.. PP. 104-10s. Naaibia 1 the only known source of an ore, gallice

(Cuclsz) “that Contains gallium g4 an essentiqg] constituent, byt the quant ity of
gallice seens to be o-nlf: Minersl Paces and Probleams, op. cit., p. 402,

Currently, that 1s not of significance since we are recovering adequate supplies
of galliumm of 8 byproduct of aluainue qnd sinc ores, It should algo be noted
that the Paley Commise1on weg concerned to find pey uses for the “abundant
oupply of areenic”, Paley Inport.'gz. eie., v, P. 100.

321014, , p. 19.

tneral Pacts and Problol-.‘gg._ggg.. PP. 1091-8. Tantaltum's virtual

onfssion {n the Paley Repore B8y be an fnstaence of & miners) vhose isportence
Ves not realfged un!!! ve had o crisfe ouch o9 the Korean War. It wes used then

and s nov uysed 88 & cepacitor 1n electrical Systems .

Yraley Raport, op. ete., 1v, PP. 10 and 12,
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materials performance has been pushed to the 1limic."38 Chynoweth adds, “the
BOre & society depends on complex and sophisticated oquipment, the moTe
vulnerable 1t 1o to scarcities of certatn key materisls, even those used in very
wodel amounte™.d9

The science and technology which has through human history created
®ateriale subetitutes has also created complex technologies with very specific,
dlf!tcnlt-to-oubotltutc-for-‘ntcrhll needs. This will continue to be true n
the coming years. To some this vulnerabiliry 1 an indicator of o larger
necessity to return to simpler ways. Por the vast majority this return to the
past is seen as neither possible nor desirabdle. A uinerals policy must be one
that monitors and respouds to techaological changes and the material demands
thereby genersted. For the one thing that this chapter points toward i{s that
the that the minerals problems are s matter of being able to meke critical
transiticas to new materials and/or materfal sources. Rindsight may give
clearer viston than foresight, st intelligent foresight gives a far greater
8cope for effective action,

In a real sense, on minerale, the osky {s the limit. wong before we have
exhausted mineral opportunities on earth, husans vill be amining the soon and
asteroids for high quality ores. Already the possibilicies of manufacturing {n
Space are becoming clear, os experiments can be conducted to Crfeate mev alloys

snd msterials under conditions of sero gravity, In time, ssnufacturing tn space

381b14d., p. 124, Chynoweth notes, s we do above, that pProcessing some of these
ainerals s energy istensive,

Wioc. cte,

va Plank
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by any possibility can get enough of everything for both 1its econoay and war

purposes within its borders."40

40gee, for exsmple, Alfred I, Eckes, Jr., The Untted States and the Global
Struggle for Minerals, Austin: The Usivers ty of Texas Press, 1980, p.
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Attachment D

ADDITIONAL DOCUMENTATION

The documents listed below were furnished by the subcontractor as appropriate
reference materials and are available from the Africa Bureau's Evaluation
Office, AFR/DP/PPEA, Room 3911, Main State, Washingron, D.C., or from the
Bureau of the Census, International Statistical Programs Center, Evaluative
Studies Branch, Room 304, Scuderi Building, Suitland, Maryland.

1. Technology and Culture, The International Quarterly of the Society

for the History of Technology, Volume 23, Number 2, The University
of Chicago Press, April 1982.

2. Cultural Resistance to the Technological Change, reprinted from
Technology and Culture, Volume V, Number 2, University of Chicago,
Spring, 1964.

3. Technology, Traditionalism and Military Establishments; reprinted from
Technology and Culture, Volume VII, Number 3, University of Chicago,
Sumzer 1966.

4. Sclence and Technology for Development reprinted from Technology and
Culture, Volume VI, Number 4, Society for the History of Technology,
Fall 1965.
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Appendix II

MEMORANDUNM

T0: Mission Evaluation Officer

MOM:  Buresu Evalustton Offscer :é/ Zﬂ 277
e

SUBJELT: Evaluation Guidelines
DATE: June 28, 1982

Attached you will find a set of the guidelines for obtaining the
iaformation needed to test AFR's policies and procedures amd a sample exacu-
tive summary illustrating tha use of the guidelines. Please bave these
guidelines incorporated into PPs for new projects and PIO/Ts for evaluations.

Tha sasple executive Summary covers the adoptiom of & plov seeder
in Mexico. We vanted to use an example from Africs but we could mot find
one. Do you know of any journal articles on successful trmmsfer of knowledge,
skills or practices in Africal! AR decisionmakers need to examing some
cases vhather they cover AID projects or'oot.

AFR decisionmakers also need some examples of successful transfers
that have occurred under AID projects. They need to know which tschaologies,
1.e., skills, Practices, knovledge, have transferred to Africaa beneficiaries
under AID projects. Informatiom om successful transfers will provide the
kind of specific iaformation required to enable decisionmakers to select
ioterventions vith higher payoffs. Please prepare an executive summary like
the example enclosed on each project that shovs evidence of people adopting
the skills or practices AID projects have promoted.

Please fnclude the name of the person vho prepares the summary.
We really have a difficult time finding out vho prepares documents. Yor
example, most PPs contain only the signature of the Mission Director. Do
you knov vhy mosc documents do not fnclude the names of the vriters snymore!?
Send axecutive susmaries to Mary Coleman, AFR/DP/PPEA, Room 6742.
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AFRICA EVALUATION GUIDELINES

Introduction:

The Africa Bureau requires all evaluation reports to cover the
questions; listed below. Evaluators should answer these questions
in an executive summary of less than five pages. Missions may in-
clude other requirements in scopes of work for evaluatidns but

they must include these questions. AFR needs this information to
test bureau policies and procedures and to increase the dissemina-
tion of evaluation findings. The attached sanple Executive Summary

provides additonal guidance regarding the precise data AFR seeks
from evaluations.

I. What constraint did this project attempt to relieve?

Does the project attack a labor, policy or other
constraint?

Example: This project attempts to relieve the labor
constraint that causes farmers to pPlant cotton later
than the optimum time thereby reducing average yields
by 25 percent.

II. What technology did the project promote to relieve this
constraint?

Does the project, for exakple, promote a new planting tech-
nique,animproved seed, vaccination of cattle or a research
system that involves, subsistence farmers and, accordingly,
will enhance prospects for developing technologies that
meet their needs?

Example: This project introduces a package of herbicides,
Tertilizers and training in their use which will decrease
the labor requirements for wveeding food CIops and release
the labor farmers need to plant cotton at the optimum time.

III. What technology did the project atsempt to replace?

Do intended beneficiaries plant with a digging stick,
use unizproved seedz, vaccinate cattle and receive only
unusable technologies from jovernment-sponsored Research?

Example: The intended beneficiaries nowv use hand hoes to
weed their subsistence crops. The project proposes to
replace them with hezbicides.
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Why did project planners believe that intended beneficiaries
would adopt the proposed technology?

Does the new technology provide substantial economic
incentives? Does the labor saved offset sufficiently the
cost of the technological package? Does the potential for
increased yield offset sufficiently the risk and cost of .
using the improved seeds? Have planners obtained the opinions
and point of view of the intended beneficiaries? "what is
lacking at the momeant in many areas of rural Africa is the
incentive to change, not the ability or desire” C. J. Doyle,

a profile of the African cultivator.

Example: Implementing the technology costs about forcty
dolTars per hectare; it, however, enables the farmer

to increase income per hectare an average of one hundred
and forty dollars.

What characteristics did the intended :=2neficiaries exhidit
that had relevance to their adopting the proposed
technology?

What average education level do they achieve? What
activities aside from farming do they engage in? Have
they used herbicides or fertilizers?

Example: Few intended beneficiaries have achieved the
unctional literacy level; hovever, many of them have
use fertilizer and also spray insecticides using

the same kind of tanks required to apply herbicides.
Accordingly, the farmers already have most of

‘the manual skills required to apply the new technology.

Hhaﬁ adoption rate has this project achieved in transferring
the proposed technology?

Why have or why have not intended beneficiaries adopted
this technology?

Example: Over a five year period a project in Zambia
achieved an adoption rate of 80 pezcent for the proposed
technology. During that period, however, the price of cotton
zose tO a level about S0 percent higher than the price
expected to prevail during the life of this project. Farmers
adopted the technology in Zambia because they had an economic
incentive. Systematic interviews with farmers in the

project area infer that prevailing Zarmgate prices provide
sufficient incentive for fa-mers to adopt the new technolo-
gical package for food cro.s so they can plant cotton at the
optimum time. Since demon.:-ation =ziels began only six
months ago, the project will not generate information on the
adoption rate for another eighteer. months.
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Has the proiect set forces into motion that will induce
furthier exploration of the constraint and improvements

to the tecnical package pProposed to overcome it?

What incentives does the national research service have to
continue working on the constraint once the project has
terminated? Does the research service have connections
with other research organizations working on the same
Problem? Has self-interest caused groups to organize and
pPressure the government to continge funding?

Do private input suppliers have an incentive to exanine
the constraint addressed by the project and to conme up
with solutions?

If private input sSuppliers at present do not have an
incentive to examine this or other constraints, discuss

how the project might assist in Providing incentives to

get the private sector involved in such activities. cCan
local enterprises produce the physical portion of the new
technologies: implements, improved seeds, farm chemicals?
Does the promoted technology provide incentives for private
industry to iavolve itself in the ongoing improvement

and marketing of the technology?

What delivery system did the Project employ to transfer
technology to intended beneficiaries?

Does the project provide training in the use of the new
technology to extension agents who in turn will train
groups of farmers? What entities will the agents use

to organize groups: Cooperative leaders clan leaders,
community leaders? Does the Project plan to diffuse the
technology through private input suppliers?

What training techniques did the Project use to develop
the delivery system?

What kinds of skills did the delivery system need to make
the technology transfer and how did it obtain them? What
methods did the project use to develop these skills and

how long did it take? What characteristics did the

trainees possess prior to receiving the training: education,
experience, sex?
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XI. What eZfect did the transferred technology have upon those
impacted byv it.

The new method of sowing corn impacted on the Temascalcingo
region in several ways. It reduced cultivation costs and al-
lpwed many to return to cultivate their lands. This has®
slowed the migration of landholders to Mexico City. The

new seeder, however, has not had a positive impact on

those without landrights. .Many of them depended on planting
corn for employment. The new seeder almos: eliminated the
need for day laborers during the planting season. This

has increased the migration of <he landless to Mexico City.
Another factor also influenced thase changes. Dredging

the river removed the final threat to £looding in 1972.

This factor without doubt inflvenced people in making

their decision to fazh or not to farm.

(The article entitled "Appropriate Technology in
Rural Mexico", by Billie DewWalt, published in
Technology and Culture, January, 1978, provided
the basis for this ficticious A.I.D. project.)

25 May 1982 (AFR/DP:HLM)
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SAMPLE SAMPLE SAMPLE

(AFR/DP/PPEA has prepared this sample summary to guide AFR
evaluation officers and others in pPreparing the Executive
Summaries now required for each evaluation report.)

EXECUTIVE SUMMARY

Prepared by: Henry L. Miles, AFR/DP/PPEA

Date: May 14, 1982

Project: Small Farmer Improvement
Country: Mexico

Cost: $50,000

I. What constraint did this pProject attempt to relieve?

This project attacked the cost constraint to raising
corn, the only cash crop available to farmers of the
Temascalcingo Valley. Farmer's average harvests of
1500 kilograns per hectare yYielded them $110. Culti-
vation costs averaged $46.00 leaving farmers only
$67.00 to pay barvesting and transportation costs and
to pay cultivating costs of the next year's crop. In
years of severe inundations farmers stood to lose all
their cultivation costs. As a result farmers had
begun to engage in other occupations.

II. What technology did the project promote to relieve
this constraint?

The project promoted an animal drawn plow seeder to
cut the cost of cultivating corn.

I1X. What technology did the project attempt to replace?

The project attempted to replace the traditional
planting technology, the digging stick.
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Why did project planners believe that intended beneficiariesg
would adopt the proposed technology?

The project planners believed that cost savings would provid
an : ddequate incentive to adopt the plow seeder. Planting
one hectare of corn with a digging stick required twelve
Tson days of labor and cost an’ average-of $14.40.
Preproject studies estimated the costs of planting with a
Plow seeder at under $5.00 per hectare. Planting one
hectare of corn using the pPlow seeder actually .required
two person days of labor and cost $3.20.

What characteristics did the intended beneficiaries exhibit
that had relevance to their adopting the proposed technology?

The farmers' land holdings averaged about two hectares. They }a
experience in using draft animals and Some had used - a_plow to
Plant cora. To Plant with a ‘Plow farmers would: fashion a

tube of maguey leaves or of metal, attach it to the plow ana
drop seeds through. it as .the walked behind the Plow. "However,
farmers experienced low ge tion Tates. using this-tech-
nique. These Seedurs did-not deposit the seeds deeply .enough.

Parmers asked a local blacksmith to build a plow seeder that
would deposit seeds deeper.

What adoption rate has this pProject achieved in transferring
the proposed technology?

The community of Puerto de las Piedras, located a few miles
from Temascalcingo, illustrates thé adoption rate of this
innovation. pPrior to 1957 farmers had only one satisfactory
Planting technology, the digging stick. Between 1557 and
1967 about half of the farmers had begun to use the make-
shift plow seeder. The project introduced two improved
Plow seeders in Temascalcingo in 1967. wWe do not know

when the first one reached Puerto de las Piedras. By 1973,
however, all but two of the 146 people with land Tights haq
adopted the plow seeder These two, a father and son tean,
rented a tractor to plow and seed their land. About thirty
percent of the farmers owned Plow seeders; the other seventy
percent rented thenm.

Bas the project set forces into motion that will induce
further exploration of the constraint end improvements
to the technical Package proposed to overcome it?

Yes, the project has mobil.zed the sell-intuerest’ forces
of the privats secter to i..;prove the technology and
to reduce its zost (see answver to question VIII).
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DO private input Suppliers have an incentive to examine

the constraint addressed by the Project and to come up
with solutions?

and retain firmly the seeding tube. The blacksmith
pProduced the first two seeders in 1967. pge $0ld thenm
readily and Produced others. By 1973 his sales had reached-
his produciton capacity of 200 seeders annually. He sold
them for $20.00 each. Some buyers came from S0 miles

away. The blacksmith could not afford a stamping machine
which he needed to increase his Production. Other blacksniths
in the area also began Producing the seeder and selling it
for about the same Price. All of the blacksmiths sold as
many seeders as they could or wanted to produce; however,
they feared that one of the large plow manufacturers in

Monterrey would begin Producing the seeder in quantity and
at a lower price.

What delivery systen did the project employ to transfer
technology to intended beneficiaries?

The forces of the market transferred the plow
seeder technology from the Temascalcingd Valley
to other communities and regions.

The project did not need to develop a system to deliver
the improved technology. The pProject relied entirely upon
the self-interest forces of the market to deliver it.
Farmers became converted to the plow seeder by watching
Oother farmers use it. The interaction among farmers and
blacksmiths facilitated the transfer of the technology
without the intervention of research entities or exten~-
sion agents.
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What effect did the transferred technology have upon those
impacted by it.

The new method of sowing corn impacted on the Temascalcingo
region in several ways. It reduced cultivation costs and al-
lowed many to return to cultivate their fands. This has
slowed the migration cf landholders to Mexico City. The

new seeder, however, has not had a positive impact on

those without landrights. Many of them depended on Planting
corn for employment. The nevw seeder almost eliminated the
need for day laborers during the planting season. This

has increased the migration of the landless to Mexico Cliey.
Another factor also influenced these changes. Dredging

the river removed the final threat to flooding in 1972.

This factor without doubt influenced people in making

their decision to farm or not to farm.

(The article entitled “Appropriate Technology in
Rural Mexico®, by Billie DeWalt, published in
Technology and Culture, January, 1978, provided
the basis for this ficticious A.I.D. project.)
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Appendix III SUGGESTIONS FOR CLARIFYING EVALUATION GUIDELINES

These suggestions for clarifying evaluation guidelines evolved

directly from the subouestions developed at the working sessions
arfd the suggestions made by participants in the seminars held on
May 10-12, 1983, on technology transfer and the evaluation guide-

lines.
1. What constraints did this project attempt to relieve?

a. Describe each constraint in sufficient detail to
permit measurement of the influence of project tech-

nology on the constraint.

b. Cite the method used to locate the constraint and the

sources of information utilized in identifying it.

C. Does the proiect address a binding constraint? 1If
not, describe thebinding constraint and the strategy for
relieving it. For examole, orice policy may restrain
production and make improved technologies ineffective
and orevent their adoption. In such cases explain plans

for bringing about a change in the price policy.

d. Relate the constraint to the Country Development Strategy

Statement (CDSS).

e. Have the government and propective clients become aware

of the constraint?

Previous Page Blank
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f. What prevents tne private sector from addressing tue Clteyg

constraints?

What technologies did the Project promote to relieve tue

constraints?

a. Provide a complete aescription ot tne technology tune project

promotes among end users.

b. Compare the complexity of tne new tecnnoloyies witn

technologies currently used.
C. Comment on the divisibility of tnhe new tecnnoloyy ana tne
feasibility of partial adoption e.g. plant only one row ot a

new crop.

d. Estimate the cost of the new technologies witn tnose of

currently used technologies.

e. Specify the skills needed and the chanyes 1n pendvior

required by clients to adopt tne new tecnnology.

What technologies did the Project attempt to replace?

4. Describe in detail Preproject technoloyies,.
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Estimate the cost of preproject tecnnologies.

Discuss the divisibility of preproject tecnnoloyles,

Sperify the skills required LY preproject tecnnoioyies,

What have potential adopters done to aduress tue constraint?

Why did project planners believe that intended benericiaries

would adopt the proposed tecnhnologies?

Compare the out-of-pocket costs of the new and tne

pPreproject technologies.

Comment on risk factors such as higher front end cost and
the attitudes of potential adopters towards tnese risk

factors.

Comment on the compatibility of traditional values witn
adoption and otner factors intluenciny adoption sucn as
complexity of the new :cchnolbgy. its commuliicapiiity anu

its acceptability to opinion leaders.

Cite the sources of information used tO answer this Juestion,

Comment on the extent of diffusion of informetion apout tne

new technology.
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f. Comment on the impact of Ptoject tecnnoloyy on work
schedules.

What characteristics did tne intended beneticiaries exnipit that

had relevance to their adopting the Proposed technologies?

a. Provide information such 48 e¢aucation packgrouna, amount or
family labor available, family size, income or net wortn,
degree of social participation, access to tne cash economy

and attitudes toward traditional or modern values.

b. 1Indicate the clients' demand for labor throuynout tne year

and discuss seasonal Peak demanas for labor.

C. Cite the sources of information utilized to answer tnis

question,

What adoption rate has this project achieved in transferring the

Proposed technology?

4. Describe what constitutes adoption.

b. Cite the precise method of computing the adoption rate and
identify the variables used in tne computation. For
example, adopters divided Dy potential adopters. (Define

potential adopters)
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C. Cite the sources of information used to answer this question,

d.

the values of the variables and a description of the methodo-

logy used.

Describe factors impediny adoption and constrainst not

pPreviously anticipated which affect adoption,

Has the project set forces in motion that will inuuce furtner

exploration of the constraint and bring forth 1mprovements to

the technical package proposed to overcome it.

Describe the forces, if any, set in motion by tne project to
build a constituency that supports exploration of the
constraint. Indicate how these forces will work to inauce
further exploration of the constraint and improvements to

the technology.

Cite public sector linkzges that will provide access to new

knowledge related to the constraints attackea by the project.

Describe any actions which adopters have taken to sustaln

the technology after project tunds dispurse.

Do private enterprise suppliers or ouyers have an incentive to

examine the constraint addressed by the project and come up witn

solutions?
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a. Discuss wny tae private Sector has not audress tae

constraint.

b. Provide information on Sources ot inputs neeuwu .to sustain
the technology and assess the demand for tne prouuct

affected by pProject technology.

€. Could one feasonably expect to develop a market for tne

promoted tecnnology?

d. Describe how the project seeks to create a market for tne

technologies promoted.

@. Discuss market for the product impacted by tne project

technology and whether it will handle the increased

production.

f. Cite the sources of information used to answer the questions.

What delivery system did the project employ to transfer tne

technology to intended banct(ciatica?

4. Describe the delivery system and eacn B4)Or coamponent of it.

b. Por each component of tne delivery system descrioe tne
causal relationship that leads to extension and to tne

adoption of project technoloyies.
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Describe the indicators usedq to Measure the errectiveness ot

the delivery system.

Do indigeneous delivery systems complement or compete witn
the syatem assisted by tne project: for example, i1ndiyenous

health healers versus health clinics.

Assess the sensitivity of adoption to adnerence to tne
implemention schedule as well as essential actions to
compensate for key events which may have not tinisnea on

schedule.

Specify the skills needed to operate the delLivery system

relative to those available.

What technology does the pProject intend to transfer to the

delivery system a.d what techniques will tne Project use to make

the transfer?

Describe the technology, if any, transferred to tne adlivery

system.

Describe the training proviaed for change agents or otner

delivery system personnel.
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C. Describe tue methods used to cominunicate project technoloyy

to potential adopters.

What effect did the transferred technoloyy have on tnose

impacted by it?

a. Describe the effects of ‘the technologyies on adopters anu

other beneficiaries.

b. Describe the means used to measure the etffects of tne

project.

C. Describe the causal relationship between adoption ot project

technologies and their impact.

d. Mention any complementary benefits of the technology

transferred.



181

Appendix IV WORKSHOP AND SEMINAR NOTES
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Appendix IV-1 SUMMARY OF THE WORKING SESSIONS HELD DURING THE
WEEK OF FEBRUARY 28, 1983

Chst Effective Alternatives

On the subject of cost effective alternatives for identifying and obraining
information required by the Africa Bureau's evaluation guidelines, the con-

sensus was as follows:

The most-cost effective method of applying the 11 evaluation questions
to development projects in Africa includes preparation of an evaluation

plan by evaluation experts early in the life of a project.

The evaluation plan would specify the inforamation requirements for
each project. Since it is obvious that information requirements may
vary videly between projects and the scope of the evaluation would be

based on criteria such as:

(a) size and complexity of project and the total amount

of project funding
(b) complexity and uniqueness of the technology to be employed
(c) cooplexity and uniqueness of the issues to be addressed
(d) uniqueness and formidability of constraints to development
(e¢) complexity of the delivery system to be employed

(f) cultural and political considerations

The evaluation plan should also identify the project monftoring information which
is needed {n addition to the information normally collected. The plan should
specify case etudies, anthropological studies or ethnographies, baseline

surveys, mid-term evaluation requirements and/or final surveys and evaluations.

Fravious Puge Blaak
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The evaluation experts would supervise the selection and training of the
evaluation information system and data collection contractor and provide
advice to the mission and the contractor at regular intervals and critical

pbintl during the project. Critical points may include the mid-term and

final evaluations.

Constraints

On the subject of constraints to development, information developed {is

summarized below.

The technical constraints to development should alvays be defined in addition

to political, economic, or cultural constraints.

Project planners and evaluators srhould determine if the constraint can be

relieved vithin the project time frame and Plan their evaluation accordingly.

Technology transfer may relieve an immediate constraint and create or unveil
another post project constraint. Evaluations should deal with these post
project constraints and the feasibility of adopting project technology to
relieve them or recommend alternative technology to deal with them. Foreign

exchange should always be considered as a poasible post project conatraint,

Cost~benefit analysis is an appropriate method of fdentifying constraints in

many instances.

The establishment of an institutional structure should alvays be considered
vhen searching for constraints as vell as governvents' wvillingness or past
performance to establish institutions compatible with project goals and

technology.
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Monetary constraints such as run-away inflation or complete lack of confidence
in the monetary system could constitute an ultimate constraint, meaning that
this constraint must be overcome before attempting to relieve any other con-

stvaints or before the technology transfer can be sustained.

An ultimate political constraint may exist within AID on evaluation which

is manifested by inadequate provision of money and resources for conducting

evaluations.

Missions should be encouraged to forecast proximate outcomes at the beginning

of a project.

"Out of pocket" or "front end" costs should be considered when attempting to

identify constraints to development.

Technology

On the subject of technology transfer the propositions set forth below were

promulgated.

The successful transfer of technology may solve the immediate problem but it
usually will create a new, more solvable problem. Evaluators should expect
to see a long term process set in motion that impacts the immediate problem.
Successful transfer of technology includes the transfer of the ability to

adopt the process to changing needs or situations.

Technology equstes to problem solving. The nature of the problem must be
understood before a strategy can be developed and technology selected to
relieve :he problem. Defining the problem is the first major hurdle and
typically insufficient resources are provided for it. This results in incor-

rect identification of constraints.



186

Evaluators should ask if the technology package which includes the delivery

gysten is a sustainable process.

Delivery Systems

The propositions presented include the following.

It is reasonable to expect that a viable delivery system will be in pPlace

at the end of the project?

At the end of the project, what capability will remain?

In Africa an ethnography should be considered for every project.

What should the ratio of cost of evaluation to project cost be? It may
not be unreasonable for evaluation costs to exceed project costs on small
projects. The information and data collection may otherwise be inadequate

for identifying constraints.

Specify the technique and range of techniques currently'in use.

Look at all of the inputs necessary for the new technology to function.

Are there complimentary social and economic inputs needed to support the

new technology?

At this point in the working session an extended discussion vas held on the
problems of communicating the meaning of the 11 questions to AID officials,
mission end contractor personnel untrained in evaluation and technology. It
vas concluded that the most cost effective alternative for accomplishing this
would be a subordinate set of questions to each question that would direct

users to the proper answer to each question. In addition to general
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subquestions it was decided that specific questions for each sector world be

needed eventually to clear up issues peculiar to the sector.

Moreover, an evaluation Plan would be needed for each project that would set

forth specific information and data collection requirements for the project.

The remainder of the working sessica wvas used in developing the subordinate

Questions to each question. This effort is documented in enclosure 1.
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Appendix IV-2 SUBQUESTIONS TO EVALUATION GUIDELINES DEVELOPED DURING

WORKING SESSION, FEBRUARY 28 THROUGH MARCH &4, 1983

Subquestions

I. What constraints did this project attempt to relieve?

b.

f.

What is this project attempting to do and what keeps this from
happening without project implementation.)

What constraints did this project attempt to relieve and in what
way do these constraints resist achievement of project goals and
purposes?

What is preventing the private sector from addressing these con-
straints?

What AID policies are implementkd if these constraints are relieved?
Are there alternative, more cost-effective ways of relieving these
constraints other than the technology transfer proposed by the
project?

What alternative to the project technology were considered?

Does the project attack a labor, policy, technical or other constraint
to development?

How were these constraints i{dentified or determined?

I1. What technology did the project promote to relieve this constraint?*

b.

Note: Dr. T. DeGregori will prepare a one or two page explanation
of what technulogy 1is.

How will the technology proposed by the project relieve the constraint?

Will the technology proposed by the project increase production and
vhat evidence is therc that it will?

Will the proposed technology create a relative advantage, an economic
advantage or a marginal cost vhich is lowver than cospeting tech-
wdlogies?

Hov does the cost of using the new technology, especially the front
end costs, compare vith the existing technology?

What hardvare or physical resources are involved in the transfer
of the proposed technology?

*Refers to technology directed at end user only. Use question 10 for technology
directed at the dalivery systen.

Previous Page Bluiii
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f. What behavioral changes are brought about by the proposed technology?

8. What ideas, skills, knovledge, processes, techniques, practices or
softvare are being transferred by the proposed technology?

h. How would you describe the process and what it does in layman's
terms?

I1I. What technology did the project attempt to replace?

8. What are the potential adopters doing now and how are they addressing:
this problem now?

b. What knovledge, practices, skills, etc, are needed in implementing
the existing or preproject technology?

C. What are the environmental conditions now?

d. What technology gap, knowledge gap, skills (..p and hardvare gap
exists between the preproject technology and the proposed project
technology?

IV. Why did project planners believe that intended beneficiaries would
adopt the proposed tcchnology?

a. ls there an economic incentive or a relative advantage to adopting
that can be readily perceived by the potential adopters?

b. Are there risk factors or out-of-pocket costs and does it relate
to the relative advantage?

€. Are there traditional values, cultural or behavioral factors that
may affect adoption?

d. Is labor cost per unit of output reduced by the project compared
to existing or alternative technologies?

e¢. Does a labor or seasonal labor, or land constraint nov (preproject)
exist and hov will the proposed technology affect this?

Does the new technology permit more efficient or extensive or
intensive use of land, lador or other factors of production?

f. WUhat are the preproject needs of the country(s) and area(s) targeted
by the project?

g Hov is the energy being used under preproject technology and what
affect will the project have on this use?

h. Uhat basic needs such as food, shelter, health, and clothing will
be affected by the project and in vhat vay will these be effected?
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What other incentives or disincentives exist that may influence
adoption of project technology?

Are there any environmental factors that will offset the good done
by the project?

What effect vwill the project have on nutrition, vater, endemic disease,
and education?

What sources of information were used in ansvering these questions?
Has a feasibility study been conducted?
Have any case studies or baseline surveys been conducted?

What' 1s the role of private enterprise and hov will it be affected
by the project?

What skills will be acquired by target beneficiaries and what markets
exist for these skills?

What impact will the acquisition of skills or education provided by
the project have on the composition of the labor force or urban
drife?

Will the labor classification and labor market of project beneficiaries
be changed by skills or education provided by the projects?

What characteristics did the intended benefictiaries exhibit that had
relevance to their adopting the proposed te ' .ology?

b.

d.

What are the potential adopters doing now that would indicate &
villingness to adopt project technology?

Have they shown an interest in similar projects?

Can you cite evidence of this interest?

Has & household survey or has farming systes research been conducted
vhich can provide authoritative information on characteristics of

adopters and potentisl sdopters?

What research or information requirements vere specified in the
PID, and in the evaluation plan for the project?

Hov much funding (I'D & S) wvas made available for research?

Do any social organizations exist that will impede or faciliate use
of the project technology?

Describe the educational level of potential sdoptere!?
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8. How will the availability of labor be affected by the project?

Is there a time constraint or potential adopters that will affect
their availability or limit their participation in the praject or in
adopting the project's technology?

V1. ; What adoption rate has this project achieved in transferring the proposed

V1l.

technology?*

8. Hov will you wwasure adoption rate?

b. In measuring adoption, does adoption of part of the technology consti-
tute adoption or does partial adoption constitute adoption? For
example, a farmer could elect to use the seeds and fertilizer but
not to irrigate or follow the planting schedule or the farmer could
adopt the vhole package in 3 acres out of 8 acres.

€. What measurcment of interest and avareness will be used in the early
years of the projects to indicate later year results?

d. How do you distinguish between successful and unsuccessful adoption?

Has the project set forces in motion that will induce further exploration

of the constraint and {mprovements to the technical package proposed to
overcome it?

b.

Describe the forces that the project could set in motion.
Were any of these set in motion by the project?

Will these forces sustain themselves in addition to addressing the
constraint?

Is the project technology compatible with further development of
technology in the project area or related areas?

Is the technology complimentary to alternative technologies?
In vhat way will it facilitate further technology transfer?

What indigenous institutions or forces will be created that will
sustain the project?

Have we created an institutional structure as a part of the project
that vwill serve as a delivery system?

Does the institution have the capability of sustaining itself and
promuting the technology politically and economicslly?

*Refers to technology directed at the end user only.
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8- Do you foresee the creation of linkages that give the beneficiaries
access to nev knovledge as the project develops?

h. What actions will the intended beneficiaries have to tske to sustain
the new technology after project funds are exhausted and vhat actions
do you foresee them taking?

i. Do you foresee that this project will create pudblic sector linkages
that facilitate the transmission of knowledge about nev and improved
technology?

Do private sector suppliers or buyers have an incentive to examine the
constraint addressed by the project and come up with solutions?

a. What are the reasons vhy the private sector can not nov address
and ‘solve the problem addressed by the project?

b. Is there a reasonable expectation that a market can be developed
locally, nationally, or intermationally?

c. What market constraints, technical or informational, including
lack of skills, can be anticipated that will discourage the private
sector from addressing this problea?

d. Does this project seek to create or enhance any market mechanism
that will be capable of sustaining the project in later years?

e. In what vay do you anticipate that the market mechanisms w1l
sustain the project technology after project completion and
facilitate diffusion or transfer of technology?

In vhat wvay is this complementary to VII d?

f. Does the project assist in creating or reinforcing private sector
enterprise capable of delivering to the market the inputs needed
to sustain the technology after project funds siop?

What delivery system did the project employ to transfer technology to
intended beneficiaries?

8. How will each step in the implementation of the delivery system lead
to actual adoption and extension of technology? (ambiguous)

b. In each step of the delivery sysiem, vhat are the achievements
that vill be measured and mentioned? (ambiguous)

€. ls there an indigenous delivery system and how does it relate to
or complement or compete with the system proposed by the project?

d. Is the indigenous system cspable of supporting project implementation
requirements? If no, are there modifications that could be made

to the indigenous system that would enadle to fulfill the project
requirements?
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f.

h.

i.

1.

r.

1f the delivery systes is not in the private sector, vhat are the
arguements for and against having it in the private sector on this
project?

What institutions will the project utilize or interface with or
create in implementing the project delivery system?

In establishing the delivery system, can you anticipate any tension or
friction that will occur?

Has a baseline been defined or described from which the delivery systes
starts and if so, hov would you describe the gasoline? What are the
skill levels and educational levels of the change agents?

What skill levels and manpover are needed to implement the project
delivery system and how such training is anticipated? (Move to Q 10)

On vhat basis was the decision made to have a training program of this
type? (Move to Q 10)

What are the causal relationships between adoption and delivery
systems?

How many will be trained and hov many will stay on the job and practice
in the field during the project and subsequent to its cospletion?
(Move to Q 10)

What are the competing demands for these skills and has a policy or
practice been adopted by this project that will enhance the retention
of key employees during the life of the project and subsequent to

ie? (Move to Q 10)

Hov would you describe the step-by-step logical relationship or causal
relationship between the delivery system and the transfer of project
technology?

Hov will training be sccomplished? (Move to Q 10)

What training techniques or methods will be used at each step of
the delivery system? (Move to Q 10)

What training techniques or methods were used to train change agents,
adwinistrative personnel, delivery agents and adopters? (Move to Q 10)

Hov many received training? (Move to Q 10)

Hov does the delivery system create an avareness of the project
technology?

How does the delivery syitem develop an fnterest in project
technology?
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How does the delivery system enhance evaluation and testing of
project?

How does the delivery syatem enhance adoption and sustain 1t?

What kind of management informution and monitoring system has been
established to evaluate project implementation? In addition to the
obligation of funds, vhat events or major milestones will be monitored
and reported?

How sensitive in adoption to adherence to the project implementation
schedule and vhat adjustments are needed, if any, if key events are
not completed on schedule?

What information is collected by the project monitoring system that
is relevant to carrying out AID policy?

What technology does project intend to transfer to the delivery system
and vhat techniques does project intend to use to make the transfer?

Note: This question vas revised subsequent to the vorking session.

What effect did the transferred technology have upon those impacted by it?

b.

For evalustion purposes, vhat complementary or unexpected benefits
have resulted or are expected to result fros the project?

Can any undesireable outcomes or results from adoption of project
technology be anticipated?

To what extent can project benef{its or outcomes be expected to
enhance development or retard it?
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May 16, 1983

MEMORANDUM TO: AFR/DR, Henry Miles
FROM s PPC/EA, Alan Rufus Waters g
SQBJ!CT s Evaluation Strategies

The visit of Tom DeGregori seems to have been outstandingly
successful and you are to be warrly congratulated un the quiet
and reascnable way in which you have tackled this extremely
sensitive topic. I enjoyed Tom's seminar aid felt that his
general and scientific approach to the subject was valuable and
caused minimal disturbance.

There are a couple of general and positive _deas that you might
consider in continuing to evo.ve your questLicns. First, this
i{s strictly a supply side approach ‘n econwic tecms. In other
werds, you are asking questions which elict. information abuut
cost. This is very gcod, but there is anothsr sidy to any
transaction.

You do turn to the consumer nr the desand sida in Question o, I
sense that this a section which might be ax andeu or at least
edited to he more specific.

The basic premise of Question 4 is very gouc. However, we
might ask whose viowpoint should really rul:. By this I muan
that I would ask whether it is the nroject pianners who should
he induced to believe that the intended be:eficiar:es would
adopt the proposed technologies, cr whethar direct access t.
the intended benefi ciaries would not be snry apprepriate.

Weé have a whole piofassion which had energa’ ¢s a generic
erntity ¢, the last tvo decades and now gtanCs with full
cespectahility on its own two feet: market'njy. Marketing

v ndies the derand side of tha equaticn and it has as ye* u:d
little irpoact on the activitias of this Aq.. .v.

Tn order to accapt or reject any proposal i is d~sirabie L«
xnow tle maarliest ;»nint at which rejsction "acomus {inevitahle,

‘herefore, the aprr ach should be tn discu,'r firat {f the'v
erists an {dentifi/ 1+ demand for the finy) services or tlo
crmmodi® les which the proposal ir intende’ - n yens:ate.

A:80, thiaie s the cuestion ¢f cash flows v ,ch are necesgaly
‘or the proposed activity to continuy fune foning. You diccuss

Pravious Puge Bloal:
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this in your Question 4a, however, this matter of working
capital and cash flows is the subject of a separate section of
the American Pinance Association ond is a recognized area of
study within that profession and that organization. Whether an
activity is in the hands of government officials or private
individuals it still has to generate sufficient recurrent
expenditure. Also, it has to have funds avajilable to meet
outflows, not only in accounting frra but in actual cash at thg
appropriate times. This area shou'd be tackled.

In Question 4b you mention the quoaticn of riek. This is
important, but once again it is the suhject of profossional
study by a major segment of the accounting profession and
perhaps a good CPA whose interests lie in the mReasurement of
risk could address this issue in more specific terws.

In Question 4d you aight recognize tliat prices ace Lhe most
eff~rctive source of !nformation to people in a wilespread
market and to potential and actial producers of auvrvices and
coamodities. Therefore, s me reccanition or discucsion of the
role of prices as irformation indicatovs, as we'!l as their
rationing function, might sell Le included.

Finelly, the impact uf project technol gy on work scn.dules in
Queation 47 is an exrellent idea and relatas {unvdictely to the
cosct of labnr. There is the undailying anthropclcgical issue
of what it takes to induce people to woark an untisurl schedule,
but from the standpcint of a Proje~t thre i{esuoc is nny of the
ouclay necesstry tc .nduce a particular schedule. T think an
econnmic approach to this would l'e in terrs ol iebor costs.

To cupeat, I think vcu are doing en outstan®ing 4r» and I want
to support yor in evury way. I will Le happy to qgene atu soae
further couments {f you feel they are fruitful.

ec:
AN/ACR, P, 8. tuddy
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Appendix IV-3.2 FORMAL COMMENTS

May 12, 1983

TO t APR/DP/PPEA/E, Henry Miles
,'
PROM : PPC/E/PES, Michael zak///("

SURJECT: Suggestions for Clarifying Evaluation Guidelines

As you requested on May 11, I offer the following comments on
your May 4 draft on the subject.

1. Beneficiaries: This appears in several of the
questions. There may be more than one set or group. PIDs
and PPs often don't capture the different groups. An
example is the Lesotho PP for Basic and Non-Formal
Education Systems currently under review. Our comments on
the PP were sent to you yesterday and therefore not
repeated. In the Lesotho instance teachers will benefit
initially through upgraded skills. The training is but a
means to broader ends - a more efficient and better
education for students as measured by improved school
performance and increased rural income and employment.
Impact on students as beneficiaries is not to be found in
the PP.

2. Comments keyed to Questions:

(a) Questions 1-5: are descriptive and not evaluative. By
changing tense (from past to present) you should be able to
track data from the project design stage.

(b) Questions 6-8: are legitimate evaluation questions.

(c) Questions 9-10: are descriptive and not analytical.
Por example, it would be useful to know if the “technology"”
didn't work why it didn‘'t work, what alternatives were
chosen or rejected or avajilable, etc. Where training is
involved it would help to know whether the training was
relevant useful etc.

(d) Question 11: definition of beneficiaries is required.
See my earlier comment.

J. Bottom line: Your guidance is now up to eight paqes.
Is it realistic to expect people to have or devote the time
to complete the guidelines for each project? Pruning is
suggested.

INFO: PPC/E, R. Blue
M. Hageboeck
J. Murphy
PES RF
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Appendix IV-3.3 FORMAL COMMENTS

MEMORANDUM

TO: Bureau Evaluation Officer, Henry L. Miles AFR/DP
FROM: Andrew B. Sisson AFR/PD/SWAP

SUBJECT: Evaluation Guidelines

Date: May 13, 1983

Another question that you might consider adding to yuor current list
of eleven in "Suggestions for Clarifying Evaluation Guidelines'" is:

What were the unintended impacts of the technology?
Possible clarification points are:

a. Define the unintended beneficlairies and describe their
benefits.

b. Define the unintended losers and describe their losses.

c. Determine if there were unintended consequences of the
technology which prevented or discouraged its adoption.

A brief example of a possible response: the introduction of
irrigated rice in the SEMRY Rice Project in North Cameroon (financed
by the World Bank, French Caisse Centrale, and Cameroon Government),

Unintended impacts include: 1increased incidence of
schistosomiasis, vorsened social relations among many farmers,
improved fishing inside the project area, worsened fishing and
cattle grazing outside the project area.

a. Wealthy town merchants who gained revenues by selling
rice on the parallel market.

b. Fishermen and cattle herders west of the project area
vho suffered from diminished river flows and poorer
pasture stemming from the irrigstion works.

c. Farmers claiming that irrigated rice has increased illness,
causing thea to participate less in the project.

If you have questions, please call at 632-8242.
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Appendix IV-3.4 FORMAL COMMENTS

May 12, 1983

Hank,

In general, I agreed with Mike Zak and others who stated that the first
five questions should come right from the PP. The problem is they often
don't. Our design process and documentation is so convoluted. I view
the design process in a more simple way. 1 try to answer the following
questions:

-- What is the problem? Why are current technologies
inadequate?

-- Do we have a technology which can be used to solve the
problem?

-- If so, what will be done, by whom, where, for how long, and
how much will it cost? (i.e., what is the delivery system?)

Just thoughts, but maybe you want to suggest the Hariadene that these key
questions be answered in the executive sunmary for a project paper.

Regards,

Rose Marie %

Provious Puye Ylumk
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Appendix IV-4 SUMMARY OF PARTICIPANT RESPONSES

The questionnaire used for obtaining responses from participants i1s included in
this section following this summary. Of the approximately 150 people attending
the seminars, 24 returned the questionnaire. The sample should be regarded as
a nonorobability sample of the convenience or man-on-the-street type. Essen-
tially, 1t indicates the responses of those with sufficient interest and time
to fespond. Many of the respondents were senfor officers at AID.

1. First heard of the Africa Evaluation Guidelines

At seminar
Other 1983

In 1982

Prior to 1982
Nonresponse

Total 24

lmamwu

2. Number of Project Evaluation Summaries read during the
0 1=2 3-6 7 or more Nonresponse

Last 3 months 7 12 3 ] )
Last year 4 5 9 5 l

3. Uses made of information obtained from evaluation summaries

Used for: Yes No Nonresponse
Different project 8 12 4
Action 14 6 4

4. Number of respondents who have ever read an executive summary.

Have read n
Have not read 10
Nonresponse 3

5. Number of participants who want their name placed on distribution Vist
for executive summaries

Yes 17
No 4
Nonresponse 3
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Number of participants who believe that the evaluation guidelines will
provide the project evaluation type information to support their decisions.

Provides information needed 15
Does not provide information 5
Nonresponse 4

Number of participants who do not believe the evaluation guidelines are
sufficient for their information needs who specified additional information
needs.

Specified additional information needs !
D1d not specify additional information needs 4

Question that participants considered to be most important:

Count
First in importance
Question ) 10
Questions 7, 9, N 2 each
Questions 4, 5, 6, 10 1 each
Nonresponse ]
Second in importance
Question 2 7
Question 4 3
Questions 1, 7, 9, N 2 each
Questions 3, S 1 each

Participants who used evaluation findings in their work

Used 13
Not used 6
Nonresponse §

Order of importance of information obtained by participant from
seminar.

On guidelines 1
On technology transfer

On other things
Nonresponse

~NMNWN
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11. Participants expressing an interested in attending a seminar on technology

transfer.
Yes 19
No 3

Nonresponse 2

12, Duties of Respondents

Desk 6
Project 6
Backstop 2
Other 8
Nonresponse 2
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Appendix IV-4.1 SUMMARY OF PARTICIPANT RESPONSES

TECHNOLOGY TRANSFER SEMINAR
PARTICIPANT RESPONSE
MAY 10-12, 1983
(427G)

When did you first hear of the Africa Evaluation Guidelines?

At time of seminar VYes 7 No
Other 17  VYear: 1983 3 1982 § Prior to 1982 4 MR 2

How many Project Evaluation Summarics have you read in the past three
months? during the past year?

Did you read the summaries to obtain information for a different
project? or in connection with an action on the project
covered by the evaluation?

Have you read an Executive Summary prepared in response to the AFR
Evaluation Guidelines? VYes No

Do you want your name placed on the distribution for such Executive
Summaries? Yes No

In your opinion do the questions cover the project evaluation type
information to support your decisions? Yes No

If no, please indicate in the document entitled “Suggestions for
Clarifying Evaluation Guidelines" the additions or modifications
needed to get the information that you need.

Please indicate in rank order the five questions in the guidelines
that you consider most important.
Ist 2nd 3rd 4th 5th

What specific evaluation findings have you used in your work during
the past year?

What information that you obtained in the seminar do you consider the
most useful?

Would you 1ike to attend a seminar dealing with measuring the transfer
of technology?

Please describe briefly your current duties.

NR = nonresponse

Previous Paae Blank
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Appendix IV-S GENERAL COMMENTS BY PARTICIPANTS TO THE SEMINARS
Held on May 10-12, 1983
IV¥-5.1 Comments on the 11 Questions

Question 1

1. Insert the word to development after constraint.
2. Why not substitute the word “problen” for the word “constraint."”

Question 2

1. Substitute “address”for "relieve" and “problems” for “constraints.”
2. Substitute “{nputs/interventions/methods/practices* for "technologies."

Question 3

1. Insert the words “or improve" after "replace.”
2. Delete "technologies” and insert "methods/practices.*

Question 4
1. Delete “technologies” and insert “method/processes/procedures .,
Question 5
1. Delete "technologies” and insert "methods."
Question 6
1. Delete “technologies"
Question 7
1. Delete “constraint” and insert “problem” and delete "bring
forth” and insert “cause" further."
2. Reword to emphasize that this question refers to public sector.
Question 8
1. Delete “come up with” and insert "cause.“
Question 9
1. Delete “employ" and insert “use.*
Question 10

Mo comments
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Question 1)
No comments
Genera! Comments
1. The 11 questions should be addressed at the project design stage.
Baseline information should be collected as needed to facilitate
project planning and redesign. The real constraints to development
should be identified.

2. More attention should be given to cost data - out of pocket costs
and total costs.

3. Ask if the project planners have talked to potential adopters or
intended beneficiaries.

4. Were field surveys conducted? How were they conducted?

5. More information is needed on the amount of labor and work scheduled.

6. People doing evaluations are not qualified. Evaluation gets only
minimum support. This stems fromrotation of mission directors who
are concerned with their own immediate problems. Short term attitude
in missions works against evaluation.

7. CDSS should specify evaluation. Then mission would do it. Some of
the 11 questions should be answered at the PID stage.

Note: This comment was made at almost all sessions.

8. Project designers are usually not good implementors. They usually
do not distinguish between techniques and technologies. from
frequently forces approvals without snswers to questions,

9. Project design should be a rolling design. Solve problems as we go.

10. Baseline data lacking in many cases. Questions cannot be answered
properly without {t.

Note: This comment came up at all sessions. Question 4
should include population density.

11. Questions cannot be answered without adequate baseline data.
12, A sector assessment should be a prerequisite to project design,
13, Private enterprise is hard to encourage in Africs.

14. The executive summary is great for high leve) presentations but does
not contain enough detail for the working level,



