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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 Bureauls agreement with AID called for
 
reviewing development project evaluation reports prepared prior 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 intechnology
 
transfer and African economic development and apply it to the work being carried
 
out by BuCen and the Africa Bureau at AID. 
Inaddition, my work included
 
participation inworkshops during March 1983 and leading a 
seminar on tech
nology transfer and participating ina 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
 
insection 6.0. The appendices listed in the table of contents detail 
 y
 
previous work on technology transfer that has been applied to this project.
 

To properly understand the nature of our research it isnecessary to under
stand the characteristics of technology transfer. My Input to this work
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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 usc 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 isalways its societal or
 

cultural context. finan 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 probably not often) use all the existing tech

nologies alreadvin place and therefore be in essence the movement of an idea/ 

from one place to another; (2)Itcould be a training program which would 
then be the diffusion of an organi:ed set of idels called knowledge; or 

(3) It could be these two in combination with actual physical products of 
modern science and technology, such tools, machines,as seeds, or another 

human artifact. For number 3 to take place, elements of 1 nd 2, are a nec

essary concomitant. 

Transferring an improved problem solving technique is only the initial 
characteristic of technolcgy transfer. If this is t.e extent of the effort, 

it is, then, technique or tool transfer, and r.ot tchnology trans er. 

Technology transfer only occurs when the new technique is integrated into 
the recipient culture and is simultaneously linked to the dynamics of the 
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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 technlogy are 

discussed in greater detail in section 2.0. 
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2.0 TECHNOLOGY: SOME BASIC CHARACTERISTICS
 

All human societies are founded on tool using. In fact, some anthro

pologists have defined man (in the generic sense) as hoo 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-hunans 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 developmvnta. A stick for an East African primate has
 

an ond-in-view, aid its usefulness essentially terminates there. Tools as 

used by humans were combined with other tools to create new ones. The bow
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and arrow, one of man's first compound tools, can be used to obtain food
 
or as a weapon of war. 
 From the bow and arrow, early humans created the 
bow drill, detcendents of which can still be seen inoperation throughout
 
the less developed world. 
Adding strings to the bow created a lyre or any
 
of dozens of string instruments still inuse 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 itgoes. 
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 isa 
direct lineal descendent of a Malayan
 

blow gun.
 

Technological development, then, iscombinational and cumulative ina dy
namic evolutionary process. 
Though itmay seem strange to trace a diesel
 
engine to the blo, gun, ina 
larger sense all modern technology comes from
 
primitive technology. Without simple fist axcc, complex tools do not emerge.
 
Without more developed singular tools, compound tools do not emerge. 

Tools inand of themselves are static. 
Tools used by man generate dyna
mic processes known as technology. With tecu.,logy we get another uniquely
 
human dynamic cumulative and closely related (anid interactive) process: 
science. Unless humanssome somewhere had crtcd sir.le tools, then more. cmplex
and compound stone tools, then metal ones, and so on, we would not- have satellites 
circling the globe nor atonic e?'.ri-,v, nor laslt be.,s. Tha:t does not mean, 
of course, that all men mur-t pa.ss through each aiki every stage of the process. 
Mankind in general has continuflly created expAkled means for further creation 
of technology and the development of knowledge. 
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Technology isalso 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 from technology. The raw materials of the universe become useful
 
to men when the technical means of using then for human purposes is devised.
 
New and improved technical means convert raw materials into resources. Lack
 
of technological progress ismore likely to destroy resources than istech
nological change. 
For example, inNepal, 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 iseroded away. 
 It is in fact true
 
that a technology operating with non-renewable resources will, given enough
 

time, use all of that available resource. 
 Inthat 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 choice but to create and consume
 

resources. 
 Whether we can continue to do so depends upon our conception of
 
technology and the policies following from it. Ifwe 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 aloce. Ifwe view technology as a dynamic, resource
creating and resource-conserving process, then we can form policies that seek 
to promote 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 isto use yesterday's technology to solve the problems of
 
today's and tomorrow's pollation. Yet the .in and substance of many critics 
of technology is to return to earlier technologies. What the Nepals of the 
world need is new forms of energy (in some instances renewable energy, e.g. solar), 



improved ways of agriculture, and more effective means of population control. 
In a word, what is needed is more techn logy, not less. 
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3.0 	 INCORPORATING TECHNOLOGY TRANSFER INTO THE
 
AFRICA BUREAU EVALUATION GUIDELINES
 

The evaluation guidelines were created in response to stated needs by AID 

Africa Bureau officers in Washington to obtain more effective information with 

which to evaluate developMent projects. There was a frequently articulated 

frustration that infornation cuming in fram the field in typical roject evalua

tion reports was not adequate to aocmiplish the task of either selecting appro

priate projects for specific settings or evaluating their ocpliance with overall 

agency goals. Hank Miles interviewed various Africa Bureau and Agency staff 

members 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 cwrilation, integration, and organization of these results. 

More detailed sub-questions were added to assist those in the field to 

respond mre effectively to the 11 major guideline questions and to make the 

evaluations carprehensive. The evaluation was also structured to draw out a 

set of responses that mmde the project inplnmentors more aware of the issues 

involved in technological transfer and change. 

In addition to responding to stated needs of the Africa Bureau, the guidelines 

will hopefully facilitate the achievuent of broader agncy goals. The four 

pillars of AID developmnt program are: technology tranafer, private enter

prism, policy changes, and institution building. 

by specifying the issues of technology transfer, the guidelines focw on the 

contrality of todnlogy in the prooes of dwevlopunt. More inportant, the 

conceptual fraiwmrk used as a basis for thene qiestions provides the organizing 

principles for *4boyinj thee goal. into particular dewlopnmnt projects. The 

twtoty-fiv. principles of tadmology listed in the previou, saction ricognize 

that tadvuloqy is mich mre than mar. har vre. Tedimlogy transfer uare 
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technology in use. Using technology involves both policy and institutional 

factors. Bad political and eciunmc policiec can not only limit 
the potential 

benefits of new technologies 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 technologies. Since technology-in-use requires knowledge, skills, habits
 

of mind, and orqanization structures, then what is called institution building
 

becomes a neocessary oarponent of technology transfer. Finally and more inpor

tnat, technology 
 is dynamic. Succssful technology transfer is much more than the 
diffusion of same techniques and hardware. Technology transfer is a process. If
 

successful, it transfers the dynamics of technology such that the recipients are
 

able to continue to borrow and adapt on their own. 
Institution building isone
 

mans of sustaining technological transfer and development. 
The private
 

enterprise system, if aided and not restricted, can boime the main vehicle
 
for the ongoing, dynriuic diffusion of ideas, techniques, iUd all other aspects
 

of technolaxiy.
 

3.1 Constraints: T oo2 Pa l icy Oanges to AlterThn 

Quotionn I and II conrn the identification of costraints. Frequently,
 

the not siqnificant ontraints 
are gmoenvht policies, particularly pricing 

policien. If rolicy conxtraintA aro restricting Ul u of xintinUr techno

logies, then the~re in a otrongU pnxxbillty Ut.it nw tedvioqlin will not be 

utad effr-tiily. lbo uvaulntion quidelivliwu*, to abtnin infornistion not 

only on the cX traintts to I* rtwid 1AIL alwi on other cNwtraint-u that 

wuld affect Ow- pmjnct taitlad rot prwlowly twn mwifiovd. IRIalintically, 

onstraintAQvmt. poiy ditvitin Imot01(-,' ut4 It" or',tt y AID tnor. 
I~ver,hviwj ldent ifh ik Otha' tot ey cvmntr'int*, t)*rj doal hos~tsw0@ ti*on. 
of 1 1) ,so~ing to mAlfy twhe nwtraint toy usingj thr-proj~ct an. Imaragoi 



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. 

Nany 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 syste;: in
 

which the technology transfer program will operate.
 

3.2 Institution Building and Responsive Indigenous Institutions 

Question IX on the delivery systems and QRtion IV aik V on the intended 

beneficiaries relate to the goal of institution building. A deliver%system 

can become part of the recipient cotutry's institutional structure for the 

continued borrowing of technology. Building other institutions, such as
 

research laboratories or trainini: schools, provide 4n-trrt,-rhaes,dc'.ivery
 

systems for technologies and for sustained technology trans-fer. If it is un

likely that A.I.D. will be funding research institutes in less developed
 

countries to explore the basic structure of the cosmos (however important
 

that inquiry may be), then it is likely that a successful research institu

tion will turn out results suppo ti, .,f the op rating tcchiologiv,s e; the 

country. Because technology transfer is seen as a process and not a one-time 

event, then the delivery system must in fact become part of the structure 
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of sustained technology transfer. Throughout, the questions in the evaluation 

guidelines seek out evidence of the sustainability of the technology transfer. 

The inted--d beneficiaries are basic to what AID is presmably about, trying 

to help poorer people of a country help themselves. The evaluation guidelines 

go into great detail in attempting to have project designers specify both the 

target group and of the mechanism 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 

and cultural changes necessary to carry out the project and the types of resis

tances that might undermine it. These questions not only get to the ideational 

and behavioral aspects of technology but also moze 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 principle 
so greatly facilitate the evolution 

of technology.
 

3.3 The Private Sector 

In virtually every question category there are clarifving sub-questions 
that raise the issue of private sector involvement. The questions on constraints 

wish to know both why the private sector is currently unable to remove them 

and inwhat way it can be used in the project tu overcome them. Of the many 

ways inwhich these questions seek to get at private sector involvement, one 

isoossiblv unique to the Oaluation quidelines. Given the dynric 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 T chnoloqy Transfer
 

These questions attempt to treat all development projects as atteapts at 

techmlogy transfer (in the broadest smse of that tern). Though all of the 

questions should be applicable to most projects, it is possible that oca

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 guidelines form ask the critical questions. 

Question III ,inlooking 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 IVand V are concerned 

inpart 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 fcu-uses
 

on the private sector's role insustaining continued technology transfer.
 

Question VII seeks the totality of forces set inmotion to create sustained
 

technology transfer. Simply stated, too many 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 people to achieve economic stagnation at a higher level or 

helping people help themselves ina sustained long-term development process. 
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4.0 sunary of Seanar Presentation by 2hamas R. Depregori
 

The following discussion is a summary 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 questionand 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 ithas 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/accelerating nature of technology was simple to illustrate
 

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

Freiauj Pa'e Bl ,ak
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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 this number. Of 
this million years, 98% of the time humans were living in the Paleolith or Old 

Stone Age, characterized by "simple stone or other tools." Ninety-nine per

cent of this time (or umtil 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 
as noted for its compound 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 Europe 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 each of these components. Paper is the clearest illustration of the move

ment of ideas. Paper isnot derivative from papyrus as iscommonly believed.
 

Paper making isa felting process; papyrus isa product of a weaving-type
 

technique. The idea of felting came to China from Central Asia, where itwas
 
used with hairs to make mterials for tents. 
 InChina the idea %as applied
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to rice fibers to make paper. 
We can trace many of the episodes of the diffu
sion of paper making to Europe, including the capture of two Chinese paper
 
makers by the Persians. There isno evidence of the movement of paper as a
 
physical artifact from Asia to Europe. 
And if there were, in this instance
 

itwould be irrelevant. There was a movement of ideas that required skills
 
to be carried out. 
For, with the idea and the skills, replication ispossible
 
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 isnot measurable. 
Ifyou bring tools or machines to a people
 

but not the underlying idea stricture, 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 oil 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 enonmous economic ad
vantage over all other means of mass reproduction of language. 

Printing as itemerged in Westrn 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 accomanying report are correct,
 
then any technology should embody most ifnot 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 inuse 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 
lzbor-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 pressure. 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 inother areas.
 

In this instance, itwas in steel making. 
Steam power was to feed back into
 
steel making, providing the power to send the hcat through blast 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 biqire 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 GaulMediterranean agricultural tech
nology and practices, complete with the Latifundia. In other words, agricul

tural technology had a capital A and a capital T. hen the people of Northern 
Europe took command 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 isdesigned to solve. 
Ina new environment or circumstances, it
 

may or may not be appropriate. Appropriateness is here defined as problem solv

ing. 
 That itmay not be effectively problem solving ina 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, modified, 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). Rather, the problem was prcper technology. Centuries 
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later, when Dropeans cane to the New 'brld, they brought their technology with 

them. It did not work the way it did at home. The new Americans combined 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 researc1h 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 itof 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. 

a inistrator said (lorizon, April 1983), what we need is not only technology 

transfer but technology generation inAfrica. This is true for the tropics in 

general. 

These principles were then applied to contemporary issues of technology
 

transfer. We stressed how they were compatible with the four pillars of A.I.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 

as 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 isdynamic and one that is static. Inothers, 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 explaineti a 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 technology: "2a
 
- the science of the application of knowledge to practical 
purposes . . . 3a - the totality of the mans employed by a 
people to provide itself with the objects of material 
culture."
 

American Heritage: 02. Broadly, the body of knowledge 
available to a civilization that is of use in fashioning 
implements, practicing manual arts and skills and extracting 
or collecting materials."
 

These definitions thit have been telected both have d characteristic that 

is frequently omitted in common parlance. The implicit 
definitio,, of
 

technology, as it is sometimes used, tends to refer to specific material 

instrumentalities. It ether broadened include
is at times to .aanaqprial 

capability or other non-material characteristics. The above detinitLonb (and 

they by no mans exhaust these or other dictionaries) emphasize the ent.-re range 

of practical knowledge and its pxtential material embodiment in tools and other 

instruments. Applied or practical knowledle must ipplied to aoA.thin4 itt m and 

is not certainly presumptuous to x-J.ltlet tOat by these deottiitton, technology 

is the ability to solve problems. The technoloojy of idvas ror tools i defined 

by their ability to solve prublems and, of course, problems and the pri)rity 

ranking of problems is definc, by society. Such a broad definition iuL 

technology is operational In Uiot kt ,escrihots the ra,,ge of phenomenon th.,t we 

should consider when w speak .t ii,.:, a t.¢chnoloqv for develo|ownt. 
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5.1 Criteria for Assessing AID Technoloy Projects
 

Agricultural Extension Prcxjrdms ought to be distinguished from techp..logy 

programs. Possibly the term Appropriate Wchnology mlaght need to be used 

because of external pressures. Some code word, however, such as extension,
 

ought to be included to differentiate it Lrom other technology programs. By an 

extension program we mean a situation where there is a known technology 

producing at a high level that is readily usable in the context of the project 

without the need for major adaptation. Of course, virtually &lI technologies
 

muRt I*! adaipte, l t.- fit new coiitionu. Soils vary trom far.m to farm. ort- fur 

smlting are different, and each batch of petroleum ham characteristics that 

must be accounted for in the refining processes. Acrots the board in modern 

tqchnology, thene adaptations have Imen so routinized that they iavo become part 

of the technology. The difference between this kind of addptatLon and that 

frequently required when a technology is diffused to a different culturu or 

environment is so great as to be a difference in kind, und contusion of the new 

cani loed to Askinq thei wrunq quiitnts. 
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development requires continued technology transfer. Much of this perspective 

seems to be derived from the shared outlook with the ecology and limits tc 

growth movements. Any programmat,.c philosophy that restrict* 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 ot them.
 

One does not wish to creati straw men, but it is difficult to interpret 

some of the most popular writers on small scale technology other than as 

advocates of this technology to the exclusion of othets. One could litter this 

report with quote:n from the lt- Schumacher ur the still very dCtLve mory 

Lovy.ns 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 energy such as nu-Iear 

energy.) 
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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 overtechnology the last two decades. This particular set is taken
 

verbatim from the summary of Chapter 
 I 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 Hiles. It is not included in the packet of 

materials sent to all participants.
 

6.1 Sonary: oerational Principles of Tedmology 

The purpose of historical inquiry on technology was to attempt to 
identify those operating principles that have governed technological evo'ution. 

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 fundamental, 

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 summary principles and combine the empiricalthem with and analytical 

results of current efforts in science and technology for development, to create 

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 isprimarily 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 Pugb Black 
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3) Technology becomes organizational and institutional. Hians live 

in groups, and much of their technology, going back to large-scale hunting, 

requires organized group cooperation for effective implemntation. 

4) Technology as ideas (or knowledge) and as material artifacts is trans

mitted through culture. Though analytically separable, technology inuse 

becomes part of the general belief system of those who use it. As such, 

the dynamic nature of technology (points 5 &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 mmentum from the ability to combine, recombine,
 

and modify existing technology. Inthe same sense that biologists say all
 

life comes from previous life, and anthropologists say that all cultures come
 

from previous cultures, we can state that all technologies come from previous
 

technologies. Though, in terms of the archeological and industrial record,
 

what appears to be combined are the material artifacts; the dynamics of the
 

process comes from combining 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), !b.ere are feed

back loops with other social activities. Ifa distinction ismade between
 

science and technology (which we do not fully 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 the instrumentation that facilitates scientific advancement.
 

7) Technological change is an accelerating process. The more technology
 

there is,the even greater are 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 exponential quality; 

that is,the rate at which growth takes place increases with each successive
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increment of advancement." He considers it "Mathematically inevitable that 
the opportunity for new techniques increases geometrically as the number of
 

basic ideas increases arithmetically." He considers it "1athematically in
evitable that the opportunity for new techniques increases geometrically 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 potehl 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 inappropriate 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 iscoibinational, it isnot surprising that people 

working from the same technological and scientific base frequently create 

essentially the sne invention (i.e. solve the same problem) at the same time. 

For the same reasons, silutaneous discovery is also a frequent phenomenon
 

inscientific inqu;#y.
 



32 

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 call 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. 
 Inmost in

stances, adaptations are comparable to small, innovative changes in the
 

inventive process.
 

14) The separation of a technology from 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 

isvital, linkage necessitating not only contact but also some compatibility
 

in the level of technological achievement. This issue of linkage and continued 

technological development will be central to our analysis of appropriate 

technology. 

IS)Technology (and science) create resources. Resources are neither 

natural nor necessarily finite. 
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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, '%dernization," 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 ifparticular techniques are diffused
 
out of context from the larger dynamics of the process. The presence or absence
 
of a particular tool or machine isnot evidence for technology transfer. 

19) One 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.
 

40) Inchoosing between technologies, the borrower must recognize that the
 
context isnot the world as itwas but the world as it is and isbecoming 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 tedhologies. This is the
 
process in aggregate. For a particular economy or people, the process of tech
nological evolution need not be replicated. Borrowing peoples may skip stages
 
by borrowing technology at its highest level, as noted above. 
As a universal 
process, technology isevolutionary. As a particular process, technology is 
revolutionary. The dynamic accelerated growth that characterizes universal
 
technological change my even be more greatly accelerated by particular peoples' 
jtmping stages of technological development. The very rapid growth of tech
nology 
 borrowing countries, particularly the extraordinary puprecedented
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post-Wbrld 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 enviromental 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 universility
 

and particularity, when indigenous, wthn properly understood and explained,
 

can facilitate technology transfer. 
Too often the alien character of technology
 

for a 
recipient peoples 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 Vtblen 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 essary. 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 strategy, but no evidence has been offered as to its aggregate validity. 

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

The human record shows that/lhfns have been far greater than the losses. The 
claims made for alternate technologies (and against modern technology) actually 

apply to modern technology. Nature is only a virtue in developed countries 

*ere technology has prat.icaily insulated the population from its worst ravages 
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such as drought, famine, and plague. Mtdern technology is truly technology 

for the masses, given people longer lives, more choices, and greater control oyer 

their destiny. The list of the benefits of modern technology in as long as the 

criticism against it. 

25) The free market place of ideas, democratic institutions of all kinds 

and free eomirtic markets are all vital mechanism in developing, transferring, 

and sustaining technology. The dynamic process of obining technologies to 

create new technologies or borrowing technology is greatly facilitated by free

d&z of thought and freedan of action. Jacob Brunowski, in his masterpiece, 

Science and Humn 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 scienoe, 

for technology, and for democracy. 

26) Technologies coexist. (a) New technologies are better only for a 

range of problens and circumstances but not all. (b) Prior technologies can 

continue to experience inproents. (c) New technology generally is being 

inprvved in a way that cuulatively may be more significant than the "original 

invention. (d) a/b d not negate the principle that some technologies beocne 

obsolete and are a technological dead end. 

27) Reliability can be substituted by redudancy. Modern technology 

generally have groater reliability (i.e., reduxlancy) than previous technology. 

Evidence is overhelrning from data on fanine, 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 poesibilities. 

28) Technological interdpeienct? or ompltmetarity in complex 

technology men that sam inqxovwent in the technology requires ooxyli

mentary advances in sweral areas. Fbr exmple, fast nowing vehicles, cars, 



36 

trains, planes) rd braing iystems. Tol making has alwys involved the 
of mterials. In Aern tddoclogies, mterils, s-w., 

purity, heat resistence, etc., have to be ceated so that pqxod systmb 

can function. 
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Employment Objectives" in I. Robinson and P. Johnston (od.). Prompsa 

for Rlaloymnt Opportunities in the 1970"- E.M.S.Oo. 1972e reprinted in 

Richard Jolly, Emanuel De Kadt, Raw Singer. and roes viln, Third 

orld Inaloyinat: Problen and Stratery, latimnre, Maryland: Penguin 

Booka, 1973, pp. 367-384. The technology and employment Isse is 

covered in som detail in Francis Steart, "lechnology and Employmnt in 

LuC," in Edgar 0. Edwards, Imployment in Developing Netions: Report on 

a Ford Foundation Study. New York and.London: Columbia Univrsity 

Press, 1974, pp. 83-132. 

Often neglected in the theorizing on technology transfer or an the 

choice of technology are concrete criteria for actual selection of 

technology. Richard Eckause, In 7Iggise for Develosnia ConmtrIes-

Washington, Do C., National Academy of Sciences, 1977, has omnof the 

beat set of criteria for selecting appropriate technologies. V. Paul 

Strassann. in Technological Cbeate and Economic Developmest: The 

panufacturnat Enerience of Mexico and Puerto Rico, New Tork: Cornell 

University Press, 1965, and in oLbor works, provides reasooed arguments 

and criteria for selecting used machinery in smoufact,!iqo. Vorld 

Devloent, Vol. S.No$. 9/10.,/ Sept./Oct. 1977, is a special i6ue on 

'bs Choice of Technology t Developing Countries," ad it contain an 

excellent series of research articles on specific technolo;iee and the 

http:E.M.S.Oo
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possibilities (or lack thereof) of scaliu8 dm teemholoeqes to fit 

local factory eandomets. Anotber sellest oet of articles is o 

nrlate Technolory: Problew and Promises. edited by Nicolas Joquier, 

Paris: Developmnt Centre of the Orpanisation for Scomomic Cooperation 

and Developmnt, 1976. Finally, Pronos201 for a Proram In My.rooriate 

Ighjlg. transmitted by the Agency for International Developmnt to 

the Committee on International Relatiou, United States loose of Repre

sentatives, Vashington, D. C., U.S. Goernment Printing Office, 1977, 

revised edition, attempts to establish an agenda for research and 

act ion. 
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Attachment A 

TECHNOLOGY AND EVOLUTIONARY PRINCIPLES OF CHANCE 

The mainstrea, of economics has long considered questions of technology as 

subsidiary to those of saving and capital formation. owever, in the last two 

decades, the issues of technology transfer have become a major concern for those 

interested In the problems of economic development in less developed countries. 

Economists and others are now writing 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 1I phenomenon. Of 

course, such not theis case. 

Throughout human history technological diffusion has been a regular and 

important element in the evolution of a people's technology. The populations of 

all cultures and places use a technology, although they. or their ancestors, 

originated only a small part. Technological borrowing incorporates the 

creativity of the rest of the world. The process of adaptation in technological 

borrowing is itself 
a form of inventive activity. Yet, little of the writing on 

technology transfer reflects any attempt to gain understanding from prior 

successes (and failures) in borrowing and using exotic technology. 

In this chapter we argue that the history of technology is replete with 

insights which yield theories directly applicable to the current pressing 

problem of developmt. Using this historical base, we define the nature of 

techuology in a my that generates useful and practical concepts for thinking 

about development and for carrying out program and policies using technologies 

to raise the levels of living for the world's population. Toward the end, the 
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chapter suggests 
that some views of technology transfer are deficient in
 
historical understanding and if carried through, have the potential for cur
tailing the long term processes of development.
 

Nov that technology policy has become 
 a central debated issue meong

einoudsts and other practitioners of development, the scope of discourse has 
broadened enormously. Technology policy Is no longer concerned 
 almost
 
exclusively with expanding economic output. Issues concerning the selection of 
technology and its Impact upon women, minorities, local, regional and national 
identities, and upon the distribution of income have become as important as 
economic efficiency and Increase in production. Concern has been raised about 
adverse cultural 
change, deleterious environmental Impact, 
and irrevocable
 
biological destruction.1 
 The discussion of technologies has led 
to discourses
 
on future lifestyles, new eras or ages of human kind, and the exploration of 
cosmic issues such the
as nature 
of life and physical processes. There are
 
calls for more 
spartan lifestyles, 
 and the second law of 
 thermodynamics
 
(entropy) is used to argue that affluence mat pass, as energy and raw materials 
for production inevitably mad 
ineluctably decline. 
 Emphasis is placed 
on 
renewability, consistency with nature, and living within environmental limits. 

Few would argue that it is not better to be discussing the non-economic 
Implications of technological change than to treat technology as mre gadgetry
 
and asume no other criteria for assessment other than economic efficiency and 
growth in output. Nowever, meny of these "large issues" of biology and physics 

JAn examination of the more catastrophic views that have been voiced over thOlast two decades can be found in Chapter 11. 
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(entropy) appear to be questionable as to imnediate development 
decisions and 

technology choices.2 The challenge to development theory and practice is
 

serious and sufficiently videspread 
that it cannot be Ignored or summarily
 

dismissed. 
 The following brief exposition on the origins and development of 

life is meant only to indicate that certain concepts about the anduse 


development of technology notare inconsistent with life as we know it on this
 

planet. 3 That many of the critical episodes in the early development of life 

bear remarkable (if not superficial) resemblance to contemporary problem my 

provide useful analogies for understanding but does not close inquiryout 


concerning the nature 
of our contemporary difficulties. 

The earth was formed about 4.5 to 5 billion years ago, and life is believed 

to have begun on it between 3.2 to 3.8 billion years-ago;4 The "life process" 

can be defined as aiming at survival and doing this by extracting "energy from 

their environment" and using "that energy to make their mm preservation nore 

likely." "The entire life process is aimed at safe reproduction because any 

*CCCSCeeeeeee
 

2Among the more recent books that attempt to use biology and physics to create a

world view and to posit ineluctable forces that require small kinds of
technology and development strategies are Jeremy ifkin, Entropy: 
 ANew World
 
View, New York: Viking, 1980, and Kirkpatrick Sale, Human Scale, New York:
Mai5rd, McCann and Geoghegan, 1980. A sample of the sultitude of other sourcesarguing this position can foundbe In the chapter on catastrophes. 

3 The double negative, not inconsistent, is used deliberately. To say that
development theory mst be consistent with theory in biology begs the questionas to the relevance of theory in one inquiry to that in another. Obviously
development should not threaten the existence of human life inlife or general.Development theory should also adhere to the basic criteria of the scientific
method common to all scientific inquiry. 

4Cyril Ponamperuma, "The Quickening of Life," in S. Dillon Ripley (ed.), Fire
of Life, New Yorks Smithsonian Exposition Books, 1981, p. 125; Earold L. Levin,117U~h Throghout Tim, Philadelphia: V. 8. Saunders, 1976, p. 249, and MarkWashburn, In the Light of the Sun, New York: Harcourt Brace Jovanovich, 1961, 
p. 147.
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other target is self-destructive.'5 Another author notes 
that "life is also a
 
chemical system that interacts with its surroundings; after life originated, it
 
had a rapid, widespread, and irreversible effect on the atmosphere, the surface
 
water, the soils. and the sediments.o6 The chemistry lifeof as we know it is
based upon the almost unique bonding properties of carbon and its ability to 
form with other elements complex organic molecules. 7 

"Reduced to a fundamental definition, life can
viewed as a system with four be
basic components.these is proteins. Proteins are 
The first of

essentially strings ofcomparatively simple organic moleculesProteins act as called amino acids.building materials end as caods-MiEasi t In tchemical. reaction.. within the organism. Thesecond of the basic compone!ntsmentioned earlier Is nucleic acids, such as DNAand ribonucleic_phosphorous acid Mjj). Organicprovide a thirdThey component of lifTserve to irusor light or chemical fuel intoenergy required for thecell activities. The fourth sadential
for life is some sort of container,
The enclosing membrane 

such as a cell membrane. 
chemical provides a relativey isolatedsystem within the cell andcomponents keeps the variousin close proximity so that they may interact.8 

The very nature of life itself necessarily creates stuff that ve have come
 
to call waste and/or pollution. "Pollution is 
 not, as ve are told, a product of
 
moral turpitude. It is an inevitable consequence of life at work.*9 Life 

5Kichael A. Seeds, Horizons, Delmont, California: Wadsworth Pub. Co., 1981, p.346.
 
6Brian J. Skinner (ad.), Paleontoloyand Palsonvironunts, Los Altos, CA.:William Kaufman, Inc., 1981, p. I. 
7ficholas losa, "The Origins of Life," Oceans, Vol. 15, No. 5, Sept.-Oct. 1982,pp. 36-37 and Seeds, op. cit., p. 346. 
8Levin, op. cit., p. 250. 
9J. I. Lovelock, GAZA, Oxford University Press, 1979, p. 27 and pp. 108-109. 

http:sediments.o6
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takes energy from the environment and release@ it in degradeda form, i.e., 
entropy. Though the energy that passes through life confirms the second law of 
thermodynamics (entropy) by passing out in a less usable form, life itself (as 
many have noted) is an island of anti-entropy in that it builds complexity. The 
very chemical processes of life involve the taking in of compounds from the 
environment, breaking then dovn, using parts and expelling others. These parts 
expelled can be defined as waste. Under other circumstances, the wastes of life 
can be, and in the past have been, a creative environmental factor for the 

further development of life. 

The first life forms. developed in an atmosphere that awas 

hydrogen-bearing-reducing environment with a trivial or no mount of oxygen in 
it.10 The pre-existing "organogenic elements with thewhich earth was
 
initially coated" ware: "methane, ammonia, carbon monoxide, water, carbon 
dioxide, hydrogen sulfide, and of course, hydrogen.'11 Without an ozone layer 
to filter it, ultraviolet light was bombarding these molecules, converting then 
into amino acids, sugars, nucleic bases, and other carboxylic acids."12 A 
number of famous experiments conducted this century have sbown that organic 
compounds could have been formed from the action of ultraviolet light upon the 

early atmosphere of earth.13
 

10preston Cloud, "Evolution of Sco-systems," in Brian J. Skinner (ed.),Paleontology andPaleoenvironments, op. cit., p. 7; Lovelock, op. cit., p. 18;Fuller, op. cit., p. 407; and washburn, op cit., p. 14N0 
llN@lvin Calvin, "Chemical Evolution," in Brian J. Skinner, Paleontology and 
Paleoenviroments, op. cit., p. 21. 

12Loc. cit.
 

130a the experiments of A. 1. Oparin and J. 
 H. S. Ealdane and others, see David
C. Smith (ed.), Cambridge ncyclopedia ofEarth Sciences, Nev York:Crown/Cambridge University Fres, 1981, pp. 3-3j3z7.
 

http:earth.13
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These early life forms are part of the large category of procaryote. They 
were unicellular and reproduced by call division. They were heterotrophic in 
that they could not manufacture their food and were forced to live off already 
ezisting organic mterlals. Theasu organic compounds were converted into energy 
bylemical processes of fermentatloPn These life form were anerobic, meaning 
that not only could they live without the presence of free oxygen; an oxidixing 
environment would have broken down the chemical composition of life as It then 

existed.
 

A system of life consisting entirely of heterotropes Is inherently limited 
and theoretically doomed to satinction. No matter how large the pre-existing 
stock of organic compounds was (then food), the procaryotic life form would
 
have eventually exhausted them. Some noy organic compounds were probably being
created, and living cells were undoubtedly consuming other living cells, as they 
have been doing ever since. Further, any oxygen buildup In the upper atmosphere 
In the form of ozone would have begun to shield out the ultraviolet rays that 
crested the organic soup that fed life as it then existed. Thus, the ozone 
layer that was later to become the protector of life was 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 photoautotroph in the form of photosynthetic procaryotes, 
possibly as early as 3 billion years ago.14 A photo-autotroph Is a life form 
that can theuse sun's light (in this thecase mst abundant wavelengths) to 
convert carbon dioxide and water into glucose (as a storehouse of life's energy) 

14Levi., op. cit., pO 252.
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and oxygen. This process is written in mot basic works on the subject as 

6 O2 + 6 R20 sunlight C6R1 2 06 + 6 02. When organism take in oxygen to "burn" 

their food (glucose or the C681206 in the above equation), they reverse the 

process and acquire energy for living. 15 It i chlorophyll in the organism 

that retains light and allows its energy to be used.16 

We humans frequently find that when w solve one problem we at the sme 

tie create another. Progress in the human endeavor is most meaningfully 

defined not In term of the ultimate or final solutil i of problem but in 

creating sUaller or less Important ones than those we solve. In life, the 

developmnt of photosynthesis among procaryotes meant the generation mrsof of 

that deadly, life-threatening substance, free oxygen. Initially, there were 

large mounts of oxygen acceptors such as ferrous irbn that could serve as an 

oxygen sink, keeping atmospheric oxygen down to tolerable levels.17 

Eventually, the most readily accessible oxygen acceptors acquired a full
 

complement of oxygen, and oxygen began to build up in the atmasphere. 

HeanvhIle, procaryotic life ws retreating to enviroments protected from 

death-dealing oxygen. The reducing environment became an oxydizing one. This 

process may have taken m long a a billion years.18 

*eeea..a...aea. 

15Various alternative fermentation processes were possible in the earlier lifeforms to break down the pre-exlsting glucose by fermentation to generate energy
Im an oxygen free euviroment. 
16Robert Carols, "Sunlight to Suer," in S. Dillon Ripley, Fire of Ufe, op.
 
cit., pp. 126-132.
 

17Cloud, op. cit., p. 11; and levin, p. 252.
 

18Cioud, p. II. 

http:years.18
http:levels.17
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About 1.3 to 1.6 billion years ago, & lifenew form appears, the 
eucaryotes.19 The first 6ucaryotes vere photo-autotrophes like some of the 
prokaryotes. Their most Important characteristics in the context of this 
analysis were that they were aerobic organism. The ozone layer that prevented 
tbdi creation of organic soup nov shielded and protected the nm life form. The 
free oxygen in the environment that wae destructive to procaryotes became a 
vital component of the ne life processes.
 

If prevailing theories are correct, life on overcomeearth the food crisis 
and then a toxic oxygen crisis by evolutionary changes. There to nothing In 
these theories that argues that the evolutionary changes had to occur. They
did. If they hadn't, we wouldn't ba here to write about them. And It is not 
beyond the realm of possibility that elsewhere in the cosmos (once or maeny
times), similar biological challenges were faced with extinction occurring tn 
sama instances and diverse successful options pursued in other instances. 

The emergence of photosynthesis and eucaryotee had other evolutionary
advantages than more survival. Photosynthesis is a more efficient converter of 
its fuel Into onergy.20
 

This greater energy efficiency created surplus 
 energy and opened up now 
evolutionary 
 possibilities.21 
 Utilization 
 of oxygen allowed for the
 

19cloud, p. 15.
 
2 00reater smrgy efficieacy Is a definieg characteristic of evolution to meauthor. "SMets life tbermodyasmcally tsorigins the energy spe systems t all theoriessource gains first Importance. Other things being equal 

on Its 
evolutiem ... rimaril should be proportional to the sm of"as mlitse" tarover "'r"rut r e r ng ter e plngto ar-essittiod Pbotoreactions sargy:- The Primary SourceTecheekeol of 31 Orusnioation'srolas, Strii of U:9, Dordrecht, Nollands D. 3A.del PublishingCompany, 19819 p. 5BG 
2 lLevim, pp. 252-253. 

http:possibilities.21
http:onergy.20
http:eucaryotes.19


61 
Colonization of land. Sexual differentiation and mitotic cellular division 
opened possibilities for genetic variation and the acceleration of evolutionary 
change. 2 2 To survive (in some cases to the present), mny procaryotes
established symbiotic relationships with (or within) eucaryotee. According to 
Kargulis, 'the aerobic metabolism and genetic systeme of these 'higher cells, 

to the eventual dominance ofled the most complex eucaryotes, the motasoana, and 
the green 23
plats. About 600 million years ago, eucaryotes with hard 
coverings and skeletons In a muber of animal groups" evolved and with them "the 
fossil record proliferates.24 After about 3 billion years of evolution, life 
as most of us nonbiologists recognize it took hold in the form of mlticellular 

plants and afimals.
 

There are a 
 amber of lessons for development or at least Insights Into the 
process that we can derive fro, the study of the development of life: 

1) Life as 
we now know It created the conditions for its on existence 
with the assistance of early life form. This Inis, pert at least, the GA 
hypothesis of J. S. Lovelock.25 Aa we shell note below, humens have 
complemnted the life sustaiing conditions through the development of 
technology that has turned environments into habitability for their kind. In 
met human habitats, the conditions for even bare existence, let alone the level 
of existence or the population density, are dependent upon human modification of 

*005555Ohs**... 

22VIsshburu, p. 151; tevis, pp. 252-253; Cloud, p. 1371 and Skimer, p. 1.23 Ly= Nargulls, "The Origivs of Paint sad Animal CelIs, to Simer, p. 33. 

24Skimmer, p. 1. 
2 5op. Cit. 

http:Lovelock.25
http:proliferates.24


62 

the environment with technology.
 

2) What appears to be 
 fixed, absolute limits to development can be 
overcome. There wre food supply and pollution crises in the past. We observed 
hm life overcme then and established a new framework for growth and change.
 
SiAilarly, in the human endeavor, we will show throughout this book how science 
and technology have now and in the future overcome barriers to development. For 
the life process, we cannot assert that these limits necessarily had to be 
overcome, merely that they were. it took time (in some instances, eons) and 
possibly luck. For bumss, technology has possibilities for future problem 
solving that 
ere neither certain nor automatic. 
 It requires the application of 
effort and intelligence. The only point here (which shall be reiterated later)
 
is that apparent limits to growth should not be used as a device to close out 
inquiry or foreordained technology and development strategies. 

3) Entropy or the Second Law of Thermodynamics applies only to closed 
systems. Thus, life as a whole is definably an island of anti-entropy. As long 
as there is available energy outside the life system, then there is the 
continued possibility to in the direction of greatermove 

complexity and 
diversification. Obviously, all technologies, large scale or sMeall, are subject
 
to the laws of theruodynamics. 
 Clearly, if current theories are correct, 
entropy as applied to the known universe will man playing out the available 
energy sources in the far distant future. Entropy in this larger sense cannot 
be used as an argument for certain kinds of technologies over others. Am 
Leelock has correctly and beautifully stated, "the death sentence of the Second 
Law "plies ouly to identities, to closed systems, ould be rephrased:
 
'Nortaltty is the price of identity' ... Tm the ed, the sun will overheat and 
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all life on earth will cease, but that may not happen before several more eon@ 

tave passed. Compared with the lifetims of our species, let alone that of an 

individual himn being, this tim span no tragic brief @pell, offersis but 


almost an infinity of opportunities to terrestrial life.o2 6
 

4) The life process itself produces waste. Again, as Lovelock so 

poetically states, "The first appearance of oxygen in the air heralded an almost 

fatal catastrophe for life' but "ingenuity triumphed and the danger was overcome 

go* by adapting to change and converting a murderous intruder into a powerful 

friend.'27 John Dewey hba described a similar process in the humn enterprise: 

"Man who lives in a world of hazards is compelled to seek for security." One 

course "is to invent arts and by their mans turn the powers of nature to 

account; man constructs a fortress out of the very c6nditions and forces which 

threaten him."28 Science and technology are the mans by which humns turn 

adversity to opportunity. we not want theAgain, would statemnt on the 

possibility of solving today's envirommental problem through technological 

change to give rise to complacency or the polyanish belief that technology will 

automatically solve our problem. While the "blind" forces of evolution my 

have solved the problem of eons qo, today our time f rame i shorter and 

concerted organized intelligence met rise to the tasks at hand. 

5) While the life process on earth my have created the conditions for 

**e**Ieeeeees*e 

26Lvelock. p. 125. 

2 7p. 31. 

20Dewey, The Quest for Certainty, New York! Capricorn lookso 1960, reprint, p. 
I*
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its own existence, "nature" popularly used 
 (presunably meoaningan the ecosystem 
&part from humans) is not a "friend" to any particular species or group of 
organisms. Again, 
from Lovelock we learn that "by far the met poisonous 
substances knowm naturalare 
 products" with ofnm the mt deadly being 
"estirely organic products and but for their toxicity would be suitable 
candidates for the shelves of the health food store." 2 9 Mature can man 
climatic variability - drought, floods, disese, and other natural disasters. 
Nature is! And If we human@ modify it to suit our purposes. as we do by merely 
existing, we uat do so with care and with foresight, based upon our scientific 

knowledge.
 

6) 
 There appears to be a stillarity, probably superficial, between 
biological evolution (discussed above) and the technolbogical evolution dtscussed
 
at the end of this chapter. Certainly, one rigidly applycannot the rules 
derived from the study of one of the processes to the other. Nowever, the 
similarity does raise further questions as to the thesis of Incompatibility 
between technology and continued human life. oth processes move from the 
simple to complex, though sow simple form continue to exist. Both processes
 
seem to accelerate through 
tim. Boughly 2 billion years or over half of life's 
existence was limited to simple procaryotes. ucaryotes have existed for les 
than half, about 3/7's of life's existence. Over 2/3'a of this tim was prior 
to the creation of hard surface or skeletal creature@. This latter group, then, 
has only existed about 1/7 of life's time on this earth. Comparable ratios for 
buman technologies will be given later in the chepter. And met evolutionary 

*owelck p. 109.
 
29Lovotock, p. 109. 
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processes appear to be largely Irreversible.
 

7) 
 That life created its own conditions for existence reinforces the 
essential irreversibility of the evolutionary process. Technology 
is also
 
essentially irreversible in that we have adapted our lives to it (population 
density, etc.) and by having used certain resources have probably closed the 
option of ever trodding the mae path of evolutionary change again. Like it or 
not, if we hans are to survive on this planet, it vill be by carrying forward 
the science and technology that we have. As Rose puts it for biological 
evolution, the "building blocks" of life, i.e. mothane, ania, etc., are "used
 
up". "Canditiona are not the me a when life arose the first time. The niche 
for naive life is closed and all life today is born of existing life.030 we 
might add that all technology is borne of eisting technology and the niche for 

naive technology is closed. 

We have thus far looked at various episodes In life's history in an attempt 
to gain understanding of current development processes and raiseto questions 
about development theories based upon biological orgument. The events which we 
have been discussing took place over the course of two billion or more years 
fro, the probable origins of life to the development of Ufe form with 
skeletons or hard exteriors about million600 years &go. The episodes of 
relevance to our inquiry to which we aom turn took place over the laet few 
million years. These are the tools, language and the evolution of buman beings. 
Ses of the tool using and signaling behavior that we will be describing for 
almals other than humanamy have origins much earlier then a few million years 

30oas, p. 37. 
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ago, 	 though all our evidence on this behavior is from recent observation. Thebuman part of our story begins about 4 million years ago, 	tool using human@ orproto-bhmans began about 2.5 million years ago and language development probably
veil 	within the last million years.
 

Animals 
 of many species from 	 insects to primates use tools Just as theycomanunIcate with 	others of their species. A burrowing veep disguises her nestby pounding the ground smooth with a pebble hmer that she holds in her mouth.
Sea 	 otters use 	 rocks as anvils to help then open shells. And beavers, rzking
in groups, construct large and intricate dans.31 

The 	 most striking observations of tool using animals are 	 those made b7 JaneGoodall of East African chimpanuees.32 These chimpanzees use 	 tools for eating,grooming and fighting. The 	 chimpanzees' tool use to unlike other species'
because the chimpanzees apparently are not 	 using tools in the 	 'stereo-typed
sequence of movements" observed in other animals, but rather the young learn byobserving their eldere.33,34 A hungry animal picks up or breaks off a stick 

3 lOakley, Keannth p., 'Skill as aNolmyard, I.J., 	 uman Possession,"and Hall, A.C., eds., A 	
in Singer, Charles,oistoryof Technology, London: OxfordUniversity Press, 1954, pp. 1-37. 

3 2Godall, Jane, 
August 1963, 

'My Life Among the Wild Chimpanzees,"PP. 272-308 	 Nations Geographic,(first observedGoodall, Jane, Van Louick Hugo, "v 
use of tools by non-human animals).


National G 
Discoveries Among Africa's Cimpanzees."
raphc, Decembr 1965, pp. 602-831.
 

3hLaacaster, Jan I., "On the Evolution of Tool-gsing Behavior,"Asthropologlst, 	 ANericanFebruary 1968, Vol. 70, No. 1,pp. 56-66.34Te behavior Goodall observed Is not comeoTohleada aNd 	 to all chimpanees.Ushara Suigeo, Chiauees, 	 ee Nishida.
from 	Tansaiae Tools, and Termite:OrroutAnthropology, 	 Another ExampleUsbara sote that som 	 October 1960, pp. 671-2.termite 	 Nishida andeastn chimpanawye doprobes seems 	 not use probes. Theto depend em the avallabili-y 	 use of
life-style". 	 of tool aterial and theAlso see Kitahera, Frisoh J., 	 "termite"ApesTools, CurreatAnthropolony, 	

and the Making of Stone AgeJuly 	080, p. 359. 

http:chimpanuees.32
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or blade of grass and carries it Laos distance to a termite hill. There, after 
knocking off the top of the hill with his hand, the chimpansee takes the stick 
and dangles it down an exposed tunnel. We draws it out and pick@ off the 
Cling termites for his dinner.3 5 Later, the 8a1e chimpanzee my crumble and 
chew leaves Into a spongy mass which he uses to sop water out of a stump for an 

jobs of getting food or 

after dinner drink.36 These actions clearly Involve Intelligence and 
foresight. The rocks, the stick and the sponges are used as tools. Sometimes 
acquired before the end use is in sight, they make the 
protecting the young easier. lovever, It 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 2nd nonvocal signalling system of animals indicate both feeling 
and Information. These are not language but -innate movements and sounds for 
expressing feelings *.. land) innate ways of reacting to these olgnals.-37 
lees dance not only to indicate a new nectar find, but also its location. The 
closer the nectar, the faster the dance. And any hive member witnessing the 
dance knows exactly what course to pursue.38 Siame fighting fish identify 
the sex of another by its reaction to the opening movements of what my be a 
dance of love or a dance of death 'not simply by seeing it but by watching the 

3%Goodall, 19630 op. cit. 

36Goodall, 1965, op. cit.
 
37 Loress, Conrad Z., KingSoloon'sRin,* New York: Tim Inc., 1962, pp. 27-30. 
3%ockett, Charles F., "The Origins of Speech." Scientific American, September
1960, pp. 69-96. 

http:pursue.38
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way in which it responds to the severely ritualized, inherited, Instinctive 

movements of the dancer.39 

Vocalizing animale call to each other in many ways: defieace, warning, or 
greeting. The termite fishing chimpanzee has ofa range calls that the other 
chimps understand. 40 Many birds have complex codes that others In the species 
respond to even han they have not hard thee before. 4 1 Such elunals are 
automatic and unemotional, innate and not learned. They do not rise from the 
consciousness of the caller. 

All expressions of animal motions, for instance, the KIa"and Lie" note of the jackdav, are therefore not comparableto our spoken language, but only to those expressions suchas yawning, wrinkling the brow and smiling, which areexpressed unconsciously as Innate actions and alsounderstood by a corresponding inborn mechanism. The "words"of the various animal languages" are merely
interjection.42
 

These signals are signals because their context is already known. They are 
restricted to particular situations. Novelty, it it exists, consists of a 
limited range of information such as direction to food sources or location of 
dangers. Beyond this, these systems are closed. A now experience can not be 
shared.43 uman language is open-ended; it is continuously able to generate 

39Uorens* op. cit.
 

40Goodall, 1963, op. cit.
 

41Loremu, op. cit., pp. 89-90.
 

421bid.
 

43Nockett, op. cit.
 

http:shared.43
http:interjection.42
http:dancer.39


69 
now combinations of Ideas. Any sentence can by a combination of words never 
before used together and, yet, a group of listeners can understand it. 
Furthermore. language can usedbe reflectively. As linguists stote it, only 
hUmas using language can talk about talking. 

So, when we talk about a language - English, French,Russian, Sanskrit - we refer to a process rather than to athing .... It Is best to regard the language as a growingcorpus of andwords structures which nobody can knowentirely but upon which anybody can dray at any tim - asort of unlimited bank account. It is not just the sumtotal of. what has been spoken and written; it is also whatcan be spoken and written. It is actual and potential. Inanother sense, It is a code alwaya ready for individual acts
of encoding.44
 

Taken alone, tools and aresignals static. umsna use them and generate 
the dynamic processes of technology and language. A stick for the Bast African 
primate has an end-in-viev and its usefulness nesentially terminates there.
 
When humans have a tool, they find 
 new uses for it, or they combine It with
 
other tools to serve now purposes. The Usefulness of a tool goes on and on.
 

In the ssme way a 
language, technology is dynamic and open-ended. They 
are both subject to change and modification. When e confront a am problem, e
 
can use existing words to create 
 the sentences to describe it and discuss it, 
while e use existing tools to create the ones that will solve it. 

The dynamics of tool using and of open-ended language are a function of the 
evolutionary process from which hum being emerged. During the course of this 

' 4uureos, Anthony, Languge Ode Plain, Nsv Tork: Thboms T. Crowell Company,16So pp. 16-17. "OMe language can be reflexive because the hese breicapable of "self examination. is 
is ware of Itself." 

"The human braim Is the only ergas em earth thatRobin KarantsRonig. "Ifere Surgery Nsets the Soul,"book review In The Washington Post Book World, Vol. XIII, No. 16, April 17, 
a 

1983, p. I. 

http:encoding.44
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process, an interaction occurred between tool using and biological evolution in
 
a feedback mechanism that provided a non-teleological direction to change.
Currently, there is so dispute "- to the age and significance of certain 
skeletonal remains. For the purpose of our analysis, wa need not be concerned 
&batlarger structure or the tim frame of this transition. If indeed Lucy is 
4 million or more years old and if the find is an important differentiation from 
the primates, then tool using was not a critical differentiating causal 
factor.45 If the Important transitions cam later, on the order of about 2 
million years, then the interaction with tool using was an important component

this critical differentiation.of Even those who argue for the early origins 
recognize the importance that tool using began to play in the evolutionary 
process about 2 million years ago. 

The feedback machanism as described by Shervood Washburn is basically
simple.46 As proto-hominids began using tools, there was a selective survival 
advantage in groupthe that had greater biological capacities for tool using.

These characteristics 
 are may and include the size of the area of the brain 
that controls the hand (in particular the thumb).47 As ofmembers groups, or 

450n Lucy, see D. C. Johanson and N.A. Edey, Lucy:.mankind, The eglonlngs ofNew York: Simon and Schuster, 1951. On emse of the controversiesdating this discovery, see ofloger Lewis, "Foesil Lucy GroveScience, Vol. 219, No. 4580, Younger, Again,"7 January 1983, pp. 43-44. 
 See also Frances N.ir a, "Tula lorluff at Koobi Fore," correlated with SidiMature, Vol. 300, No. 5893, December 16-22, 1982, 
Bakma Tuff at Radar,

F. €. iloell and N. L. NcCrossun, faunsl 
pp. 631-633, and N. T. Boas, 

Forastlons, Ithiopia," Nature, 
Age of the Usno, Shungua S. and RadarVol. 300, No. 5893, December 16-22, 1982, pp.633-635. 

4 6See Sherwood Washburn, 'Tools and Susan volutoo.," Scientific Amricn,203, No. 3, September 1960, 
Vol. 

pp. 63-75.
 
4 7See Vashburn, loc. cit. 

http:thumb).47
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71 as groups within the larger population, that had greater capacity for tool usingsurvived and bred, the population in general had a more favorable set of toolusing traits. Any random changes that favored tool using would be likely tosurvive and spread throughout succeeding generations. As these traits
intenslfied, were 

it would improve the population'@ ability to aske and use tools.This greater physiological (which includes the brain or sental capacity) ability
for tool using, combined with the nature of tool using itself (described laterin this chapter), gave rise to new and Improved tools. These improvements In
tools and tool use then feedback to give further selective advantage to those
mmbers of the population with-Improved capabilities for tool using.48


As 
 this Interactive 
 or feedback 
 process continues, 
 bominoids 
 or
proto-hordnids evolve into hominids and the process of tool using takes theopen endedness 
on 

of tool combining and becomes technology. Throughout this bookwe will stress the importance of understanding the context or ecology which atechnology 
operates. 
 The preceeding illustrates an important component 
of
technology, 
which ve 
somtimso 
forget because 
of its universality, 
the
physiological characteristics of the creators and operators of the technology.
The larger area of the huan brain that controls the hand, controls a trulymarvelous mchanis. Bernard Campbell has a delightful description of the hand 

that deserves to be quoted at length: 

Not seeding our 
them 

hands for support. we have been able touse for mare complicated andtwenatymfve Joints and 
more creative tasks. bithfifty-.igtat 
 distinctly
motions, differentthe human hand represents onemechanism produced by nature. 

of the =ast advanced
Imagine a single*e..essss..ss tool that 

4SAn excellent description of this positive feedback mechanism with an equally,outstanding dlagramt c Illustration ofitt canEsanki,,d be found in Bernard 0. Campbell(ed.), Emerins,Doston: Little, Irown and Co., 1952, pp. 218-219.
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can met the demands
playing 

of tasks as varied as gripping a toola violin, wringing out agesturing, and somthng 
towel, holding a pencil,-

feling. Fore 
we tend to forget . simplyIn addition tothe hand Is our prive organ 
Its ability to perform tasks.of touch. In the dark orcorners, It substitute@ for sight. In a 

around 
an advantage way, the had hasover the eye, becausemanipulative organ 

It Is a sensory and acombined. It can explore the enviroomentby smans of touch, 
It 
and then Ismdiately dowhat It detects. can. something aboutfor Instance, feel aroundforest floor for on aots eand roots, *elsepop them Into then oan contact, andthe mouth;

this page, your hand 
when your eyes read the end ofcan find the corner of the page andthen turn it.The hand itself my be a mrvelous tool, but Itto full value only It is usedwhen mnlpulates still other tools.This capacity Is a second-stage benefitVith our erect posture, our hands 

of upright walking.
are free; with hands free,
we can use tools; with tools we can get foodexploit the enviromat sore easily andIn other ways tosurvival. Etians are ensure ournot the only animals thattools, but they mployare the only ones that do so to any greatextent and with any conslstency.49
 

Campbell also suggests that the larger brain slse enhanced the capability
for attention 
span and mory.50 This greater capacity for mmry would 
facilitate the cumulation of knowledge Including the knowledge of tool nmking

tool using. Individualand and group memory would be the key component in the 
cumulation of knowledge and culture until this process gave rise to extra 
somtic mans of cumulation in the form of writing.31
 

The wtotal life-way" of 
tool usIng human being created what C. Lorng Brace 

4 9 Ibld, p. 47. 

50Ibd, p. 311. 
S1t has been argusd that the large uman brain is "enrgetically expeasivecad that Its evolutioo was ,only possible because ofrich diet that resulted a generalimed and energyfrom simple technologies such as te digging stick to
gain access to "easrgy-rlch tubers" and from hunting.nuens Evolve Big Brala Boper Lewin, "Im DidScience, Vol. 26, may 1902, pp. 540-541.
 

http:writing.31
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calls a "cultural ecological niche'.52 This ofcomplex humasns and tool using 
is an extraordinarily successful adaptation. The dynamics of culture and the 
tool using part of this complex has allowed human@ to spread across the globe 
and live in a vast array of climates and conditions vithout the necessity of 
biological evolution. This global dispersion has been taking place for well 
over 100,000 years and in a manner that is unique in life history, without 
speciatLon. Based upon the "competitive exclusion principle" (i.e. "that no two 
organisms can occupy the sam ecological niche), Brace argues "that there has 
been only one hoLnid species at one time, and that the hunLLds of different 

time levels are linearly related."53 

Thus far we have concentrated on the interaction between tools and human 
evolution. The very concept of evolution gencrallyhas implied continuous 
change though there is nam a school of evolutionary theorists who believe in 
periods of rapid changes and long periods of species stability.54 Whether and 
to what extent humas are still 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, technology and 
civilisation. By the time of the energence of Now sapien/sapien (circa 
50,000?? years ago), further biological evolution is of virtually no 

52c. Loring Brace, TheStagesof uen 
 lution: iuen and CulturalOriLns, 
glewood Cliffs, New Jersey: Prentice-na-l, 19679 p.
 

5 3Loc. cit. 
54se Steven K. Staunley, The Se Zvolutionary Timetable: Fossils,Genesand the2riln of Spcies, s Tork: Basic Books, 1981. See also the regular colum ofteven Jay Gould in Natural istory magasine. Their theory of rapid change I'called Punctuational Evolution. 

http:stability.54
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signlificance for cultural and technological evolution.
 

uman culture has been called G euperorgaulc phenomenon to emphasize its 
distinctness and independence from organic evolution.35 
 Som have taken what
 
they perceive to be 
the laws of biological evolution and 
applied them to
 

coxtural evolution.56
 
There are those who object to these conceptions of cultural evolution but 

nearly all snthropologists accept the idea that cultural development and 
differentiation Is not dependent upon further hmsan evolution and probably has 
not been for at least the last 100,000 years or more. In fact, Robert Lovie 
quoted R. 1. Tylor on culture being "capabilities and habits acquired by mn as
 
a member of society", and Lovie had culture include "all these ... in costrast 
to those nmerous traits acquired otherwise, nanely by biological heredity."57 
However, as we shell note below and throughout the text, the development of 
culture and technology involves continuous interaction with the biological reels
 
in general and with evolutionary change, In particular, of plants and animels. 

One anthropologist, Walter Goldsctmldt, has defined technology as the 
"learned means by which an utiliaes the enviroment to satisfy his animal wants 
and cultural desires." It ts then, In effect, 
a problem solving proces.5S We
 

$SSee A. L. Iroeber, "The Superorganic, AmericanAnthroloist, Vol. 19, No.
 . April-June 1917, pp. 163-213.
 
56see Leslie 0. Whitee, TheEvolutio, of Culture, New York: McGraw-UIll, 1959,
and Marshall D. Shle" 

Arbor: University 

and Ilmn R. Service (eds.), Evolutionand Culture, Ann
of Nichigan Press, 1960, for two early am Basic emplee ofa voluminous llte:ature. 
5 7 bobart Liawe, AsIn troduction to Cultural Anthropoloy, New Tork3 
 Rinehart
and Co., 1940, p. 3, Italic@ ose. 
5Salter Goldechmidt, Nn'sVay: 
A Preface to the Understarin of
Society, New York: a
Iolt, Iiaehart and lW'ihton, 1967, p. 110. 

http:proces.5S
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75 vill use that as a preliminary definittion. As ve 
 discuss particular

technologies throughout this chapter, we viii refim, extend and clarify thisdefinition. Tool use, like signaling, is videspread in the aimal kingdom. Theuniqueness to humans of technology Is that it is productive, open ended, and 
therefore inherently developmental.
 

Now long humans have been humans Is mattera of definition and ofscientific 
debate. 
 The numbers can range from 500,000 years if one usesevidence of language to several million years if one uses minimal physiological
criteria. 
 Cohen refers to the "four million year history of Bmo sapiene.59
Hst of the larger figures refer to the formation of the fmil y ouinides (i.e.lominids), and aas subgroup of the super-family Ukminordee (i.e. Eolnoide).60
Further, for 99 percent of his existence, man 
(i.e. *hominids) has been hunter
and gatherer "tied to the seasons of vegetative food or movement of Sam"vith the exception 

and 
of fire, had "no paver beyond that of his body.'61 

According to Lea and DeVore
 

Cultural Ibn has been on earth for eam 2,00o,000 years;over 992 of this period be has lived as 
for 

Only In the last a bunter gatherer.10,000 years has mn begun to domesticateplants and animals,sources other than 
to use =tals and to harae energythe huma body....0000,00,90O~ Of the oatimtedson who have everearth, lived out a life @panover 90X have lived as hunters and gatherers; 

on 
6Z have lived aboutby agriculture
have and the remaining few percentlived in industrial societies. To date, the hunting
 

59Hark Nathan Cohe TheFoodCrisOrimisof Agriculture, In Prhistoy,Ovepoulatioandtheisv Eaveas-- Tale@ university Press, 1977. p. 560MNam of the quotes below appear to use the term Nmimid and waseiterchaageably. 
61rian N. Fagam, People of the Earth, Boston: Little, Brown140; (first quote) and Robert V. C. Spier, 

6 Co.$ 1960, p.
PreindustrialT.chologies, fromthe ofnd a P mitIvwe 

am0Bostont oughtonun I Co., 1970, p. . -
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Way of life has been the moet successful and persistent
adaptation mn has every achieved.62 

Whatever number is used "s a 
 base, the vast mjority 
of the time that 
humas have had tools they consisted largely of basic stone tools that define 
what we call the Paleolithic and the generally very short period of the
Nhsolithic. Imms are considered to have been tool users for at least 21 

Million years. 

At one time, archeologats referred to eolithe (or dan stonmes).63
blithe were presumably stons tools that were difficult to distinguish from 
markings of stones from stream or glacial creep. Another author distinguish"
between naturefacte and artifacts. Raturefacts are *objects extracted from 
their natural setting and subeequetly used without modification. '4
*Artifacts are form created by vithdrauing mterials from their natural setting
and mdifying them in trifling or remarkable vays.-65 Host of what we obeerve 
"s tool using among no-hmans are naturefacts. Naturefacts my have been the
first tools used by humans but virtually by definltion, it's next to opoesible 
to verify or falsify this speculation. The tool evolution that we are 

62t. B. We and I. DeVors, "roblm

It. 3. Lee and. 

in the Study of lonters and Gatherers," In
More, ft. the Nunter. ChicasotJack R. Barie., C I Aline Press. 19". Quoted inN,dea,, tect AmericanCrop Sciece Soc iety of 
Society of Agronomy,

A mer 1975. p. 4. 
63Se Sobert J. Drstdeood. Prehistoric Nan, Gleaview, 1ll.1Co., 1964. p. 33. Scott, Voresman &Tlis term to so longer widely used.46* eedll U. Ovalt, abitatand Techolo,: The zvolutiono o, NewTork8 
 molt, Rinehart snd Winston, 1973. p. 14.
 

Oubids pp. 17-1S.
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77 describing below is artifactual in character because all Involve ideas that are 
used to trasfor the mterial world and not arely extracted from it. 

Andre lArol-Courhs describes a series of stages in hinsn tool eeking.66
The first two stages of this taxofouice scheme consist of core stone tools 
(pebble tools they are called) andan flaked astone tools. loth of them are eede 
and not =rely found.67 The third stage of LeroI-Qourhem,e clasification is 
seen as "a major step in the history of the humn race ... for it served as the
foundation for the conditions of technological developeent until the appearance 
of mtallurgy.168 In this stage, the techniques of the previous two stages are 
combined in that a stone core is first worked and prepared and then the desired 
tool is flaked off from it. "Production begins with a core, or nucleus of ra 
mterials, as before, and its end result ie a kind of surface that Is 
diesyseitrical in thickness and has the shape of a tortoise's oell.69 In the 
fourth stage, these techniques are used to create a wide range of tools, i.e. 
"scrapers, growers, drills, and blades.070
 

In the third and fourth stages, 
 tool using gives rise to technolotly (by our
 
definition). 
 Tool making becomes combinational and more rapidly cumulative. 

eee..aa....eea.
 

66Andre Leroi-Gourham, flrimitive Societies," In Maurice Duws. ATechnologyandInventon: 
 grossThuehtheAges,Vol.1 
The,OrIzti
TechnologFC6- ofCalICiviationt(translated byPublishers, 1969. pp. 21-25. 
llsn a. lennessyJ, Now Yorkt Crown 

67 S@@ robert J. Braidvood, Prehistoric Man, Clevies, Ill.: Scott, Foressan & 
Co.. 1941 p. 33. 

G6 lbid., p. 22. 

69Loc. cit. 

70Ibid., p. 24.
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The tool making techniques require a well developed feeling for the Onteril,eo0 preconception of the desired result, and a mnual *kill that would not bededuced &n examinationfrom of the maker's cranium.-71 Lero-Courhae
obervation here brings out two other characteristics of technology. one
a1% toole and technologie 

that 
Involve Ideas or "preconceptioinso and that eveneemingly sIple stone tools involve a complex interaction between skills. ideasand materials. It is che replication of preconceptions In a series of tools
that alloys archaeologists to define tool tradition.72
 

The mastery 
 over materials" characterIzed what is called the UpperPaleolithic. Nev materals, were used in tool making.73 "Artifacts
complicated form were 

of 
wrought In bone antler and Ivory by a combinationsaving, splitting, grinding and 

of 
polishing. By now, tools were not only used tomake Implements In the *ease of end products, such as mat knives or spears, butnay tools were made which were tool-making tools. This is good evidence thatthe hunter-craftsman was shoving considerably greater foresight, and no longervorked arely to satisfy Imediate end."74 Just as earlier different weys ofmaking tools were combined to make better tools, na tools were createdcomposite tools or 

a 
as a combination of existing tools. The use of those nev 

711bid., p. 23.
 
72See Iradwood, op. cit., p. 40.
 
73VAgem, op. CiC, 
 p. lOl; snd Kenneth P. Oekley, "Skill as a
to Cbarles Singer, ., u men Possession,"
vol. I.romarl 

J. Way and A. R. Ible (@do.),
TimtoFallof Ancientemeir i.!. ofTemolon 
Umiversity , NQ Ior
1,54,
-fres o m DO
p. 32. 
 (mote from Oakley.
 
740ekley, op. cit., pp. 32-33.
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tools Involved the application of nov principles of mchanics and power. 

According to Kenneth Oakley: 

Originally all tools were grasped In the hand; the first
step towards a echanical 6vice was haftlg. In UpperPaleolithic time, u were beginning to apply mchanlcal
principles to the movemnt of tools and weapons. Spearswere launched with throvers which, vorking on the leverprinciple, Increase the effective propelling power of aman's arm. The bow was invented late In this period,probably in North Africa. It was the first mans of
concentrating moscular energy thefor propulsion of an arrow, but it ms son discovered that it also provided amans of twirling a stick, and this led to the Invention of
the rotary drill .... 

A greater variety of tools allowed for more intensive exploitation of now 
environments.75 Clothes -- de from skins ad fire allowed humans to move out of 
the tropics into the colder climates of the Late Pliestocen. This northward 

movemsnt began earlier with the transition from core tools to flake 

lndustries.76 A variety of materials became resources for human use. 

None and Ivory bodkins, bone needles with eyes,
belt-fasteners, ad, rarely, even buttons have been found inUpper Paleolithic sites. Carved representations of clothedfigures ... show that these worebunters sewn skin garmentswith fitting sleeves and trousers. These greatly increasedtheir efficiency in the very cold winters that they had to 
endure .77 

Oeeeaeaa...e 

75For an analysis of the way that new tools allowed bmas In Africa to expandto am envronntal frotiers, see Thomas I. Do Gregorn, Technology and theEconomic Developmnt of the Tropical African Frotier, Cleveland, Ohio: CaseWestern Isserve University Press, 1969, pp. 83-181. 

76Graham Clark sad Stuart Pigott, Prehistoric Societies, New York: Alfred A.mopi, 1965, pp. 59-60. See also Francois Bordes, The Old Stone Age, Now York:NcGro-ll, 198, p. 133. 

7 7 Oakley, op. cit., p. 33. 
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A more intensive exploitation of the environment allows for a populationbuild up and the creation of mote Permanent settlement patterms. Hesolithic
industries included a variety of tools for gathering food. One of the definingc€racteristics of this period is the abundance of mcrolltha which could beused in a variety of composite tools for hunting and gathering. SettledcomMUnities are a more efficient for assembling,wans cumalating and diffusing 

technology.
 

Gradually 
 we begin to see the build-up toward thebasic change In first1ife. Thisrevolution just as 
change mounted tormsoIuportant as athe IndustrialIn It man Revolution.first learned

They to domesticate plants andbegan producing animals.food Instead ofcollecting it. Soe simply gathering orof the tools weused for agriculture tend to assumemy actually have been 
were 

developed bycollectors for collecting.78
 

Though the transition fro, hunting and gathering seems in retrospectgradual, wasfrom the perspective of that which preceded, the pace of change Osexplosive. There wes at least a million years (and possibly four million years)of huan history until the period that we call the Upper Paleolithic began about35 to 40 thousand years ago. going the figure of a million years for humanhistory, 98 percent of the tim humans have been on earth, we have been hunters 
and gatherers. 

About 20,000 years ago people beganand to shift from agathering way huntingof life to a moreincluding specialead economy,the use of both storage pits and ground stow 

768raidvood, op. cit., pp. 97 and 199. 
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tools used to crush pigments and tough grass seeds.79 

About 10,000 years ago the orld'. population of about 10 million people(possibly as high as 15 81llion) were almost all dependent upon bunting andgathering. "By 2,000 years ago the overwhelming mjority of people lived byfaruig.'80 As Kenneth Oakley put It, how eplen "ceased to be a rarespecies'. ftere wre then between 100 and 200 million people on earth. in 1500More years, population grwe to about 350 million and agriculture had spread to 
mot areas manageable by the technology of the time.
 

By the beginning of the 20th century
ethograper. (1900 A.D.) when modernhad begun their observations,population had the worldjumped to about 1.6and billion andgatherers decreased the bustersto lesspopulation than 0.00aX The presentIs racing toward 4 billion, with thehunter-gatherer population heading toward eztInction.81
 

Agriculture 
 was 
 made possible by advancements In technology

concentration 
of technology. 

and 
Similarly, agriculture allows for the furtherincrease tn population.82 Sam archaeologists argue that it wee overpopulation

relative to hunting end gatherlng technology that forced the ear universaltransition to agriculture.83 lowever, these explanations seek the "Why" of 

7 9 'agen, op. cit., p. 153. Fgasn here Is drawing on the work of Frank Bole and
 
Kent V. Flannery.
 

SOCWO. op. cit., p. 5. 
 See also Fagen, op. cit., p. 149. 
811srla, op. cit., p. 6. 
02Bobert J. asks, Fattersin rehistpi First
Threeillion
law Torki Oxford usversity Press, 1990, p. 268. 

Tear 

3See Cohem, op. cit. 
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domestication. 
 Nov it happened still depends upon technology. Not only does
 
the direct process of agriculture (i.e. tending the fields) 
require a more
 
sedentary life-style, but all its consequence further restricts nobility.
Properly done, agriculture requires a wider range of tools than would be 
poftible to carry about. And "ioreover, storage technology is required" for 
"where could one go with a metric ton or so of clean wheat seed, no matter how 
nutritious?"84 

Draidwood suggested that a "man who spends his whole life following animals 
just to kill them to eat, or moving from one patch to another, is himself really 
living just like an anial".85 
Noting and gathering set 
"narrow boundaries to
 
developmnt'.86 
Wenke argues that "the correspondence between agriculture 


and civilization is absolute'.
 

The development of agriculture requires methods of storage. Manny of the
 
foodstuffs require processing and cooking for digestibility. Pottery Is useful
 
in both these endeavors, though not essential. Pottery was independently 
developed in many locations. It is described by suthorone as a "hallmark of 
the Neolithic period.07 
 "Pottery or 
ceralc ware is one of the first
 
synthetic materials created by men. It mes its existence to the irreversible 
change brought about when clays are heated to drive off the vter°.8 
 The use 

84Meake, op. cit., p. 275.
 

852raidwood, op. cit., p. 113. 

16Piggott, op. cit., p. 130. 

$7Spier, op. cit., p. 41. 

HIZbid., p. 101. 

.0 
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of atone, wood, bone, vegetable fibers, and a host of other item involves 
changing the shape of the material to it- asuse a tool. The use of f ire allows 
humans to transform the internal structure and composition of materials to make 
them more useful to themelves. Previously, resources wre found; now they are 
also made. Pottery -mking reflects some of the open-endednesa of technology. 
It also opens the possibilities for continued improvements in the materials 
themselves. Ceramics today have many traditional and now, sophisticated uses, 
from cooking to spacecraft, and research continues on material Improvements and 

new uses. 

Naterials transformation has become the basis for subsequent periods for 
our naming of stages of human technological achievement, i.e., the Bronze Age, 

the Iron Age. Though stals were probably first used 'a found, tn comparatively 
pure nodules, such as copper, the smelting of ores was soon necessary if their 
use was to be sustained. Transformang ores Into metals Is transubstantiation. 

We know today the nature of the transformation process; Is It any wonder that 
those closer to its origina thought they could also transmute bse mtals" Into 
gold? As with the development of ceramic& and pottery, the development of 
etals Inaugurated an open-ended process that allowed for the creation of nov 

form, continued improvements in the quality of the materials used, and the 
opportunity to turn an even greater part of the universe's materials into 
resources* Those materials, furthermore, can be combined with a variety of 
others to create even more useful materials. The quality of the stone etrongly 
affects the quality of stone 
 tools, but the quality of the ores ha.
 
progressively loes 
 to do with the quality of the mtal tools than do the science
 

and technology of production.
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law materials and other spects of the environment become resources when 

humans acquire the ability, or the science and technology, to exploit them. 
Certain rocks become resources when the knowledge and skills to make stone tools 
evolves. Roots become 
food resources when stone tools to into harddig the 
grund are available. Large game become resources when hunting tools (such s 
bows and arrows) and social organiuations merge. Certain seeds become 
resources an humane develop tools and techniques for more efficient intensive 
harvesting. 
 The resource 
 character 
of these seeds 
 is enhanced as the 
evolutionary changes of domestication Increase their yield. Various types and 
kinds of ores, too, become resources -- natural resources, as we unfortunately 
call them  as we continue more efficiently to learn to extract from them what 
we wish to use. Technology, then, creates resources.89 

Kany of the important inventions of human history in the domestication of 
plants and animals appear to have taken place independently in many different 
places. Bowever, often the sams 
 item may have been invented, no one can assert 
that all peoples developed all of their technology. This straw oe Is ralset 
simply to state the point that throughout human history people have borrowed
 
technology from their neighbors. Consequently, the diffusion of technology (or 
technology transfer) Is essentially as 
old as technology itself. 
 Furthsruore,
 
every tool involves a human skill. 
Skills involve people doing things, which is 
behavior. 
Sowe tools-in-use, such as 
those used In paleolithic hunting of large

animals, involved group behavior and therefore social organization. One need 
not have a determinist model of technology and social organisation to recognise 

89This point will be explored in more deti1 in ChapterChapter IV on agriculture. III o minerals and 
creating 

Also discussed Is the way that the technology offire -=de ny harmful plants Into useful food stuffs. 
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that, though there 
my be a range of possible behaviors and social organization,
 
tool using nevertheless implies in a broad sense form of behavior and 
organization. People also developed belief system which Include Ideas about 
technology and social organization.
 

With the 
 growth of sedentary comunitles, there Is a parallel growth in 
technologies peculiarly adapted to the particular environmnt of the group. Of
 
course, from the beginning people developed or adapted technologies to solve 
their problems. The forest or the savanna, the tropics or the colder climates, 
each gave torise different technology or variations on the sam technology 
(depending on one's definition). Tools-in-use, then, can be related to the 
environments Inwhich they are used.90
 

Technologies can transfer by 
 mony different mans. People can borrow and
 
adapt technology from their neighbors. Or migrating or conquering people can 
carry it to now areas. People tend to carry as much of their cultural baggage
vith them, which includes 
their social organixations 
and belief system.

Settled communities that more intensely exploit their enviromennt give rise to
 
larger population concentrations. 
 Larger populations Increase the likelihood of 
larger armies. 
 Advances In technology, 
 such as mtallurgy, create the
 
possibility for 
 better weapons. Larger armies and better weapons facilitate 
conquests. By no mans it trueis that people with superior technology for 
economic exploitation are always the military victors. 
Whoever the victors are,
 
there has been a relentless conquest by agricultural technology ovr hunting and
 
gathering technologies. 
 Superior technologies tend 
to conquer, even when the
 

roses, for example, Deregorl, op. cit., pp. 63-129.
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carriers of it lose the particular war.
 
The diffusion of technology, along with beliefs and social organizationa, 

can create problems. Techniques in agriculture, for example; suited to one 
enviroment, my not be operational for another. The basic problem-solving 
chiracter of technology is not always fully understood. This occurs over and 
over In human history. The suena brought hditerranean agriculture north of 
the Alps, complete vith latifundia, a Ronan style of life.9 1 Europeans brought 
their agricultural practices to North Awrica. Zn both these instances, when 
the technology failed to perform as it did in the homeland, the environment was 
demed to be inherently and eternally inferior for agriculture.92 In these two 
cases we know from subsequent events that, with proper adapetation of alien 
technology and its combination with indigenous technology' both areas - Europe 
north of the Alps and North Anrica became- among the mest agriculturally 
productive in the world. 
 Europeans also sought to diffuse their technologies to
 
areas of colonial conquest in Africa, Asia, and South Amrica. Again, the 
environment 
ws blamd for any shortcomings in the performance or output.
 
Subsequent refutations of these Interpretations have in recent years gone to the 
other extrem of blaang sow entity called "technology" or Wfestern 

technology". 93
 

9ISee Peter Brown, *The Later Romn Impire," The EconomicRilstory Review, second
series, Vol. IX,No. 2,Aug. 1967, pp.Techuolofy 336-337; and Thames R.DeGregori,and Economic haqae: &@seys and irtes, Cmox, British Columbia:
Peter cLough lin soc ats , Ltd., 1974, pp. 5 
921e Themes Jefferson's, Notes on the State of Viril, Now York: 
 larper &
Im, 1963, pp. 42-66, for a list of the 18th century European criticisms ofNorth Aurica's seviromnet, and his defense of it.
9 3This issue will also be examLned in more detail is Chapter IV o agricultureand Chapter VIII em appropriate technology. 
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Thus far we have concentrated on peoples using technology or using the 

wrong technology. We have not discussed the institutional factors that cause 
people not to use a technology. One institutional factor in not using a 
technology is that people do not want to use it. It is not a question of 
whether a new technology will solve a particular problem better, but it ts just
 
that the belief system 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 groups are replicated through history and around the globs. 
The efficacy of the technology is 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 ideas and beliefs involved
 
in using a technology in tim can be the basis for denying the superior efficacy 
of a nw technology.94 Elsewhere, one 
author has that
argued advances in
 
technology and in science tend to develop on the periphery of civilization where
 
these institutionalized idea systems are less wall established and therefore 
less able to resist pragmatic adjustments and changes.95 Under 
 these
 
circumstances technology transfer to new areas frequently not only allows the 
zecipient to catch up, but also allows the borrower to use it as a basis for 

surpassing the lender. 

94It should be noted that, even for the first category, the belief systemprohibiting use of a technology somtims argues that their way is technicallymore efficient as well as being morally superior. 
'S5ee both works by Deregori, Technology and conomic Change and Tocholosy andtheEconomicDevelopmsent of the Tropical AfricanFrontier, cited above. 
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Though we are concerned in this book almost 
eclusively vith the technology
of production of economic goods, we will use the technology of warfare as anillustration of institutional resistance to techcological change. 
 Whatever the
Conservative impulses are in a culture, to lose a isvar potentiallyeverythin. to loseConsequently, 
 in virtually all instances, 
people would notknowingly preserve a military technology that would bring then defeat. ifwafind repeated Instances of such behavior, then the likely ansver most lie in aninstitutionally conditioned blindness to the possibilities of nm technology.cursory Aview 
of some selected aspects of Western military technology Viliillustrate 
 this Interrelationship 
 between 
 technology 
 and institutional
 

myopia.96
 
In the early phases of Middle Eastern civilization, military supremacypredicted wasupon bronze, then iron, then chariot warfare, and afterwards,phalanx with theiron spears and shields. 
 Bronze 
and chariot warfare lnitedfighting primarily to an elite (since bronze was of limited availability andchariots and horses were expensive), while iron was more widespreadand and cheaperfavored a highly organized yeomanry,. as in Classical Greece. When theAthenian power base became heavily maritime, a new social importance accruedthe urban tolover classes who manned the oars. Not only


technology bring 
did these changes in
social changes, but they also left in their wake a series ofdefeated peoples who could not respond to change.


The foot soldier 
in the form of the Roman legionnaire with his sword and 

96Net of the material for thePFi-Sunyer ad Thefet. 
following Paragraphs to drawn from OriolDeGreori,Chamageuteohol.sV nCultural R osdtancnd to fer elthe a on a . r . gy,°'" N"c" Z, Sprlrg ?9gs, pp. 21 

=and . 
ao o,,tg nd ( litsr .Iupb1b

274,
.t and, byn ,--Ol. II N.. 3, Susmer , pp. 402-40?. 
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shle-ld Was challenged by light horse cavalry during the Germanic conquest. The 
issue Wa not clearly decided until the eighth or ninth century, with the
development of the stirrup, horseshoe, and heavy shock cavalry. To sowe
observers, heavy cavalry and the three-field system wre primarily responsible 
for the development 
of feudalism. Yet in 10661, two centuries 
after the

development of shock calvary, Earold's troops rode into the Battle of Basting@ 
on stirruped horses, dismounted, and ware defeated by the Norans.97 Fornearly three more centuries, stirruped cavalry was the most efficient for, of
warfare and inculcated into European social consciousness attitudes toward the 
horse and nobility that persisted until very recent times.
 

In the fourteenth century, the English long bowman and the Swiss pikmn
drove heavy 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 repeater rifle, the Gatling Gun, and barbed wire - mdo
cavalry clearly obsolete "s a battlefield instrument, a Judgment that was
confirmed by the trench warfare of World War 1. In the same century the two 
most famous cavalry charges, alaclava and Sedan, were colossal failures.
 

Despite all this,of in the pro-World War II period the mjor powers
(except the two losers, Germany and the Soviet Union) were preparing to fight

the next war on horseback, 
 and for the Pole@ it ue even more tragic, ms they

sent a unit of lancers 
 to meet the German invaders. There was no lack of
empirical evidence that the internal combustion engine (along with the other 

*****O~eeee.e
 

7Lynn White, Mbdieval Techologyand Socialosage, Onfordt At the ClaremdonPress, 1962, pp. 3W37,
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Previously mentioned ivootione) had doOmd the horse;World the briefWar tank warfare inI, the many lntervar years anuevere, the German tanksthe Soviet tanks in Spain andia Outer Mongolia had a11 demoostrated
retention this point. The
of the horse and the near 

the 
national catastrophes that It created wre
results of sentnts of nobility, honor, and chivalry that harkedInto the Middle Agos. back deepIn describing similar attitudes in the British Navy, *.R.Liddell Hart likened an Adlral's attitude tovard 

to his ship to that ofhis cathedral.98 a BLishopSuch sentlments My win the praise of the faithful,
they do not defend a nation. 

but 

The classic 1930's statement confusing the spiritualwith valueIts military technical efficacy 
of the horse 

WAs mde by British Field"that Marshallas time goes maig on you will find asuch use for the horse the well bred
horse 
 as you ever have 
should not lead us 

done in the post-.99 This digression on the horseto believe that this attitude toward the horseInstrument an a militarywas not 
Inherent io the horse itself. 

and Pattern emerged in china. 

Iszctly the Opposite attitude

There the horse wee

There, for 
identified with "barbarians-.over a milleoimu, Chinese leaders 

the hors as a bsttlefield inetruemnt 
knew that they must raise and use
 

If they vere
mounted Invaders. 
to succeed indefense against
Try a they might, they could neverfrom disassociate thethe barbarians" horsewho brought it acd, developed that close mn-animalrelationship 
necessary for its effective use. 100
 

982,, Lddell Nrt, TheLddell Nart o V 

.s.Ptm' Son, 1 r r Vol. 1 198-19
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The vast mjority of the technology of any people was devPloped by others.

Ve are all or have been borrovers of techmology. Technology transfer is a 
regular facet of hummn history. The study of am of the more dramatic of these
transfers, though not providing all the answers for preseogt problem, can 
nevertheless give us insight Into soma of the mot important characteristics 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 medieval Europe were fundamentally alien to that region.
Their origins were in the Middle East. For several thousand years there was a
continuous, fruitful interchqne of tools and ideas in area that included the
Indian subcontinent on the east and stretched to and later included the Bsllenic 
peoples in the vest. This civilization spread across the countries on the
shores of the Mediterranean Sea. Politically, it became doalnated by loe. 

Smeall elemnts of these great civilizations were filtering northward into
Europe. While there were great civilizations in India, in the Middle East, and
in the Eastern Mediterranean, Northern Europe was in comparative darkness. vith
Roman conquest north of the Alps cam 8 significant increase in the northward 
movement of Mediterranean technology. This movement is Interesting and
Significant because virtually every error in technology transfer (or attempts at

it) during the period of European colonialism, and since independence, wee a 
replication of those made during Roman colonialism.
 

Nany Roan writers thought that Northern Europe wan essentially
uninabitable. Among other reasome, it was too cold. Noe had taken
Mediterranean agricultural practices, crops, architecture, and style of life and 
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had attempted to transplant them in a 
 dlfferent climate and geographical 
environment without mdification. No wonder, then, there anws apparent
"failure of technology". In fact, it was neither the Inadequacies of the 
peoples or environment Northern Europe nor wasof it a failure of technology. 
Thi fault was In the character of the diffusion process. 

The diffusion of science and technology to North Amrca Is comparable to
 
the flow from lao 
 Into Northern urope. 
 In the eighteenth century, Europeans

debated the habitability of North erica. 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 Is clear from subsequent history that Northern Europe and North Aerica had 
great potential for agriculture and industry, provided the right technology was 
used.
 

The key to the development of both areas was the shifting of decision 
making pover from alien colonial authorities. 
 The now technology that evolved
 
was a synthesis of indigenous technology', exogenous technology that was modified
 
and adapted to solve the particular problems of the new environment, and, in
 
sea instances, 
 a direct borrowing of exogenous technologies that needed no 
adaptation. 
 What is important is that, 
in this synthesis, the people of these 
areas made the echnology pert of their culture. Tools and technologies are
 
more than mrs gadgets or physical instruments; they theare embodiment of 
ideas. If 
t.se ideas become a vital pert of a culture, then there is more than
 
an assemblage of tools - there is a continuous dynamic evolving process of 
change, technological borrowing and development. Technology evolves as the 
combiatiom of emisting tools and technology. Therefore the mere tools, the 



93 
more possibilitie 
for combinations and acceleration of development.


The evolution of printing by moveable type in fifteenth century Europe isan example of technological change resulting from 4 synthesis of Indigenoustraditions and adaptation of exogenous technology.101 It also demonstrates theworldwide nature of technology, as met of the indigenous" elements of Europeanprinting were the product of earlier diffusion of technology from other areas.Printing by mveable type involves the arts of printing, papermaking, natal
working, a phonetic alphabet, and an ink that would adhere to a metal typeface 
and to paper. 

Evidence of printing can be found as early as the seventh century in Koreaand the ninth century in Central Asia. Possibly, there were earlier origins,from the practice of taking rubbings from stone in China. Paper began from thefelting process of inking tents and garents in Central Asia and the use ofthese techniques to meke rice paper in China. 
Paper asking diffused into Persia
 
In the ninth century end into Italy in the eleventh century.

Printing by mveable type is superior to other form of printing if onea phonetic alphabet. The 
has 

phonetic alphabet was pert of urope's heritage fromthe Middle East that wsee brought north of the Alps by the Romsn conquest.102
Presses were independently invented in may different parts Theof the world. 

*taaaeaeee.,a 

101The 
aterial for printing by soveable type Is largely drawn from Abbot Payson
Usher, Aistoryof chnical 
Invention.
Though it is Maton deaconPress 1959, Ch. .
 over two decade old, the book is neither dated nor has it been
6urpassed for its analytical Insight Into the inventive process.

1021be pbometic alphabet Is 
en Instance of Pro-adaptation.

was developed It is a trait thatfor its we pupof over.laingly superior writing - thatto =ete co s not-t-tiv
techiqw.used for that purpose.
It ms 
 hever. atust uniquely adopteduntil ever two thousand years after 

to an Inventio that did et occur
phenomeon its beginning. Pre-adaptation is aof both biological and technological revoluti on. 
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European press descended froM the oliv, presses of the Grecian world.Metalvorking had cow to Europe from the Middle East two thousand yearspreviously and had taken root and developed 
 to a high art. 
 Ink from linseed oilwas a purely Indigenous invention derived from 
 the flax used 
 In textiles and

used In 
was 

a rapidly growing tradition of oil paintirg.
 
Printing by moveable type was but 
one of the many 
 European developments inscience and technology that were largely derived from .la and/or the Arab
vorld.103 
Many of the important term In European science and mathematics vere
derived from Arabic, reflecting the Arab Influence and origins. Europefortunate wasin being a crossroad for the movement of tools and ideas. Each of
these was absorbed Into European culture, became part theirof tradition, andwas the 
basis for 
continued 
development 
that led to 
 the scientific and 

fdustrial revolutions.
 
The diffusion into Europe of alien Ideas and technologies vas an importantelement In the intellectual upheaval and the cultural change in Rennaisseance

Europe. One might even be so bold as 
to say that the change vwa revolutionar.
Certainly, what 
was to follow in the next centuries vn deemed the ScientificRevolution and the Industrial Revolution. Europe (and many of the areas wherethe population is predominantly of 
European extraction) has 
been experiencing
five centuries 
of fairly continuous 
scientific 
and technological change 
and
cultural transformation. 
 Yet, even 
in the most P'justrially advanced European
countries large pockets of traditional culture, such as that of the peasantry ofPrance, persist even with the intrusion of the automobile and television. And**eeeaeeesee
 

1031t to Interesting to nete that Frencis Bacon, the lAth and early 17th centuryEnglish sclestist, comented on five inportant inventions,
all of which cam from Asia. Francis bacon, nuve 
oci, ing printing, 

enery legnery, 1949, pp. 64-67. 
Orfanum, ob0 1. Chicagot 
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vho 	 vuld argue that English or French cultures are any less English or French 
today than they were five centuries ago, 	 just because they 	have undergone such 
enormous change? Industrialization ha made France and England alike In many 
ways, but it has not obliterated those distinctive features of theme cultures 
vhich are a source of pride and Identity for Its members and constitute a vital 
part 	of the heritage of all humans.
 

Rather than 
 being destructive, technological change In Europe has
stimulated Its arts and culture.104 Printing by moveable type 	 was, 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 
 is more than 	Just a quantitative
distinction, as great written works of many cultures were 	 being printed and
reprinted In translation. Printing vas 	the key factor tn the rapid grovth of
literacy, in the Improvement of comunication among scientists, and therefore It
 
was important In trie growth of science and tn the development of literary form. 
In fact, one could argue that 	the scientific and technological revolutions have
enhanced all 	 of the arts, both in their creations and In our ability to 
appreciate them. 

The 	 European experience in technological and economjc development provides 
a useful experience in current attempts to foster economic growth and
development. Europeans, when 	 colonizing other parts of the world, made the sm
mistakes that the Romans made when they colonized 
Northern Europe. 
 They

attempted to transplant their technology in agriculture, In industry, and 	 In 

**aeaeeaae.., 

:O4The point on the potentially positive interchangethe arts and 	 between techbologiesculture will 	 adalso be explored In detailmore to Chapter SOtechnology and the arts. 
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education 
to their 
colonies 
vithout 
modification 
to fit 
the cultural 
and
environmentel conditions 
of the area. Many of these 
schemes 
failed.
climate Theand the peoples of the colonies verin blamed. Just as"Northern Europewas considered too cold by &o.ans to be inhabited In a civilized manner,trQPics, theIt was argued, were too hot and humid for long term economicdevelopmnt. There wre also many successes In technology transfer as a result 

of culture contact between two peoples. 
The failures of many projects of technology transfer in the colonial andpost-colonial period have given rise to charges that technology has failed.Voices 
 are raised 
on behalf 
 of appropriate 
technology, 
or Intermediate
technology, or 
indigenous technology. Technology Is a set of tools, machines,
and ideas; It is a problem-solving process. When a set of tools designed tosolve 
 one set 
 of problem 
 are applied 
 to different 
 problem, 
 it is
understandable If they do not alvays york. It does not man the technology

failed, merely that the technology vas incorrectly used.
 
The developed countries, experience with alien technology is not, however,a complete guide to the dilemeas of less developed countries. Countries like
England and the United States have had a couple of centuries to Industrializeand absorb the changes that come In its wake. The less developed countries donot choose and in reality cannot afford the luxury of this slov rate of economicgrowth. 
The pace of change todey can be destructive vithout giving cultures theopportunity for creative, constructive response. The pace alone is threatening.In addition, the many facets of modern commuication, such as film, radio,
televisoo, magazines, and consumer goods, bring slickly packaged chunks ofexotic culture. 
 These Influences limit 
or at least mks 
isltiately 
more
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difficult the task of leadership in providing repsonses to change that preserve 
and sustain local cultures. There Is Insufficient ground for despair or 
pessimism. Technology is not inherently destructive a many claim. Quite the 
contrary is true. 
 The challenge to the sensitive, Intelligent leaders and to
 
the population of less developed countries 
Is enormous. Exotic influences, 
though, are not going to evaporate vithout a trace, and the possibilities for 
personal and cultural enhancement are virtually limitless.
 

For many pr.-a of the world, "Western" science and technology may seen 
"alien, but in reality It is their en ideas and tools coming back home to then
 
in another form. 
 For it was TGreek", "Arab", "Indian', and "Asian" science and 
technology that formed the basis for European development. In a larger sense, 
exotic technology is comlng how to all people, for it is the heritage of all 
mankind. Science and technology are both universal and particular. They are
 
universal in sensethe that the principles of physics (for example) and the 
engineering principles involved in technology transcend national boundaries. 
Scientists and engineers working vithin a discipline have mans of communication 
that are not in any way limited by race, culture, religion, or environment. 
And, with the use of mathematics and translation, language is almost no barrier. 
Many, if not most, scientists strongly object to any national or cultural
 
qualifying adjective to science. Yet, 
 though science and technology are 
universal, there are also particularistic aspects to them. Science Is a body of
 
ideas, soa 
 only distantly practical, 
if at all, wtile others are directly
 
useful in the human enterprise. Technology is fundamentally problem-solving. 
The particularity of science and technology derives from the fact that each 
country he its we complement of problem and therefore msot, in its science 
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and technology policy, draw and create from this comeon fund of knovledge the 
most useful and relevant ideas and tools, What is needed are national science 
and technology 
policies that 
facilitate the organic growth and
of science 

technology vithin a culture. 
 The universality and particularity of science and

tecinology can be the basis for finding unity in diversity and diversity in
unity. 
 Modern science and technology have given us 
that visual picture of our

unity and diversity in the magnificent photographs of the earth taken from the
 
soon. 
Unity and diversity in all aspects of the human endeavor are necessary if 
we are going to share this globe and its heritage.
 

Concluding Observations
 
After four million years 
 of homenid history and tWo and a half million 

years of tool using, have we humans reached the limits of our environment beyond
which even further evolution or technological change cannot carry us? The 
answer Is emphatically not The fundamental purpose of ofmost the succeeding
chapters is 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 it, forced humans to devise new means of agriculture to solve the problem
wrought by overpopulation, relative to a technology of food supply. Another
 
author, Ester 
Boserup, has 
argued that overpopulation relative 
to food supply

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

105 es Cohen, op. cit.
 
106lster Doserup, The Conditions of racuturalAgrarian Cha uder roth: The Economics ofOpu aton !regs, Chicago: Aldine, 196.
 



At the tim hunting 99
and lathering supposedly had reached 
enviroanentillimit., the population is estimated to have reached 10 to 15 million.
this Perhaps
was not 
in fact the actual limit of this technology. Malcolm Slessor has
calculated that the "productivity of a natural eco-systne 
is around 6 kg. per
hectare per year of protein suitable for humans 
... obtainable from the betterland on 
the earth's 
surface'.107 
 Assuming 
that hunters 
and gatherers could
harvest and utilize 100 percent 
of this, 
the world's ecosystem couldpossibly support200 million people. This figure is one-twentleth of the current worldpopulation. Even if we don't accept the 10 to 15 million population as being
the hunting and gathering limit, it 

portion of 

was probably quite close to the exploitable
the natural 
ecosystem. 
 Clearly, 
we are 
by irreversible necessity
COMItted 
 to a post-agricultural 
 revolution 
 technology. 
 Further,
demonstrates itthe way in which changes in technology can dramatically change theeconomically exploitable limits of our environment. 
Are the soil, water, sunshine, air and all materials that humansthis useg1be to create onand sustain life sufficient to the demands that mustmade if human life be

is to continue? In the chapters on catastrophieslimits and theto growth, we will actually define these limits and indicate that we arefar from reaching them. 
That does not man that we will automaticallywith the come upadvances in science and technology needed to transform
improve the earth andthe life of a growing population. As with technological
throughout changehuman history, it Is Ot automatic but requires thoughtfulImtelligent action directed toward problem-solving. As we look back at the 

107MAlcolm Slessor, 'Energy Iequireent@ of Agriculture." in!
the |nviro.nt, edited by John Lenihan and Willi" 

.....
19 7, p.T .n W. Fletchwe-r
- - , o . r e ce nw otrks
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history of human Problem-solvlng, 

" get a better understandingso of the processthat we are better able to act Ilntelligently

expand our 

in terms of problem.solving
time 
horizon, and
to predict and 
account

consequence$ for longer and 
longer
of term
current actions. 

pa~e.
life-austes
A's "e shall demonstrate blow
hll dm 

We have taken the first hesitant
t, "th sitn teps into
long before we have exhausted terrestrial

virtually 
 resources 
 we willvirtual have
imaeted the capability
l resources Of of exploitingour theplanetary system and beyond.though, is far beyond This reality,the 
more urgent 
and 
Immediate
development need*and the elimination of economic

of Poverty facethat us and are the subject of
this book.
 

We have spoken 
 of life, language and technologysystems, In technolor, the dynaI 
as being dynamicallycomes from idea oD la oPaencompares language and ideas to dynamic evolutionaryof "virus if pro gls Estape 

slike
sntences 
 processesand self-repicating speakssuccessful 
 structures.ideas 
gain Likean ecological life forms,niche 
Sperry, in "idea space".he finds Quotingthat "Ideas i. v.cause ideas and help evolve newthere is a Ideas".biosphere Justthere likeis alo an ideoephere.

Power", what 
And Ideas have spreadingwe In our context might call technology transfer.
other self-replicating Just assystem life andcan be understood 

survive,, In terms s also do have 
of their abilityIdeas toa "performance value"change it brings to the 

which "depends upon the
behavior 
 of the Person
Technologies or group that
as adopt#educational It.e108 processes mst be sustainedof bythe ides the performanceabodied in valuethem. Technology 
allowmust People to change their
 

s***seeeeee....
 

108DOugla 
 a. Sofstader, "Mathemtical Theme

Self-replicating Viru"11:0 SCItericastructures" and
1963, pp. Scientific American. Vol.14.21.
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behavior and Improve the quality of their life. Technology as an idea system, 
like the life system from which it is derived and compared, mst have the 

survival value of sustainabilty in and through the life processes of the humans 
who use it. Technology and technology transfer then have empirical, testable, 

measurable consequences.
 

As Lee and DeVore note, strategraphically the origin of agriculture and the
 

present 
"will appear s essentially solultaneous'.109 "If we fail, then, it
 
will be a tragedy, not only for all those alive, but it will be a failure of 
civilization itself and Implicit argumntan that human life beyond hunting and 
gathering is inherently unstable." Tool using, as C. Loring Brace argues, has 
created for humans a unique ecological niche. For 125,000 years, we have spread 
across the globe Into every known climte (and now into space) without 
biological adaptation theof species.110 Technology has been our mane of
 
adaptation 
and survival and can continue 
to be so. As with met human
 

endeavors, the choice between success and failure Is ours.
 

Summary: Operational Principles of Technology
 

The purpose of historical inquiry ou 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 both
 
implicitly and explicitly embedded in the rest of this book. We consider them 

109Lee and Devore, op. cit., p. 3. 

11OC. Loring Brace, op. cit., pp. 56-57. 
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fundamental, bith in planning and in implementing technoloSy projects and as a 
set of criteria for evaluating completed projects. In the final chapter we will
 
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
 
se 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 
is the use of ideas to transform 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 form of human behavior.
 

3) 
 Technology becomes organizational and institutional. 
 Rumans live in
 
groups, and such 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
 
transmitted 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 5 & 6 below) can come into conflict with 
the restrictive institutional beliefs and practices. 

5) Technology is cumulative and combinational. Once the process of 
technology is under way, 
it gains somentus 
from the ability to combine,
 
recombine, and modify existing technology. In the same sense that biologists 
say all life comes from previous life and anthropologists say that all culture 
comaes from previous cultures, ve can state that all technology comes from 
previous technology. Though in terms of the archeological and industrial 
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record, vbat appears to be combined are the material artifacts, the dynamics of 
the process comes from combining 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), there are feedback 
loops with other social activities. If a distinction is made between sclet,ce 
and technology (which we do not fully accept, though most writers on the subject 
do), then we can observe a continuous feedback loop. Scientific inquiry
 
establishes principles 
that are applied in technology. Technology provides
 
Instrumentation that facilitates scientific advancement.
 

7) Technological change is an accelerating process. The more technology 
there is, the even greater the possibilities for new combination and advances, 
and for positive feedback loops between science (and knowledge in general) and 
technology. Goldschmldt refers to man exponential quality; that is, the rate at 
which growth takes place with
increases 
 each successive increment 
 of
 
advancement". 
 He considers it "mathematically inevitable that the opportunity 

of exponential growth. It 

for new techniques increases geometrically as the number of basic ideas 
increases arithmestIcally".l11 The historical record in the tinescale figures 
that we have given certainly bear out the contention 

is a najor contention of this book that some theories of technology and the 
projects derived from then neglect the potential of technology ad thereby 
severely limit the potential gains from technology transfer.
 

8) Technology is a problmosolving process. Technology is technology in 
the context of its use. 
Its use in the wrong context does not dany its efficacy
 

1110oldscholdt, op. cit., pp. 112-113.
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in appropriate 
 circumtances. By definition, all technology, if it is trulF
technology, is appropriate to some problem-solving endeavor. The selection of
technology depends upon 
cultural, 
environmental, 
and economic 
criteria 
that
 
define a problem and the characteristics of its solutions.
 

9) Technological Innovation has 
long-term consequences 
(the unintended
 
consequences 
described above) that, 
from the point of view of subsequent

generations, are more important than the short-tesr problem-solving that was
original intention 

the 
of the technological change. Both in the short and longterm, there are chance or fortuitous discoveries. Serendipity is the name givenfor the discovery that aerges. by chance when one looks for one thing and finds

another. As one great scientist said, "chance happens to the prepared mind" inthat accidental discoveries only happen because someone hid the intelligence to 
interpret the results as being useful in another context. 

10) Because technology is combinational, it is not surprising that peopleworking from the saw technological and scientific base frequently create
essentially the came inventiou (i.e., solve the am problem) at the awn tim.
for the a&= reasons, miultaneous discovery is aalso frequent phenomenon in 
scientific inquiry.
 

11) Technology, since it 
 involves behavior, is likely to bring aboutcultural chdnge. Similarly, culture is likely to force a modification of 
technology in the process of diffusion.
 

12) The cumaulative 
body of knowledge, instrument and human skills that we
all technology, is essentially a seamless webb. The source of an instrument orinnovation as on area of endeavor can be derived from what superficially 
appears to be a totally unrelated area. Ve shall illustrate this point further
 



105 
in Chapter on the arts and technology.
 

13) Adaptation 
 of technology to nev environmental circumstances is in 
itself a form 
of invention. Socially and linguistically, me 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 in-depth 
study of the inventive process of printing would clearly indicate this. 
 In most
 
instances, adaptations are comparable to small, Innovative changes in the 

inventive process.
 

14) Technologies that -are separated from major areas of technological 
change, 
whether by geography, by culture, 
or 
by political isolation, tend to
 
slow innovation, if not bring about stagnation. Linkage to other technologies 
is vital, linkage that necessitates not only contact but also so=s compatibility
 
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 finite.
 

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

17) Term such as "estern technology" can only have a very restricted 
historical use. "Nodern technology" can have a universal meaning as the set of 
kaowledge md ideas, skills, tools, end machines that the motare efficient and 
effective at problem solving. Similarly, "moderistion", a term frequently in 
disrepute s being ethnocentric, can have a transcultursl meang as the 
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societal and cultural ability to use modern technology.
 

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

5 
transfer.
 

19) One of the frequent mistakes of analyzing old and new technologies ts 
that they are frequently compared in terms of ho well they perform established 
tasks without recognizing that new technologies almost always allow people to do 

new things as well as old ones better. 

20) In choosing between technologies, the borrower mst recognize that the
 
context is the asnot world it was but the world as it is and is becoming with 
most competitors (both economic and military) using the mot efficient end 

effective technologies.
 

21) Technology, as noted above, is an evolutionary process. Technologies 
are predicated upon the prior development of other technologies. This is the 
process in aggregate. For a particular economy or people, the process of 
technological evolution need not be replicated. Borrowing peoples my skip 
stages by borrowing technology at highestits 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 my even be more greatly accelerated by
 
particular peoples' Jumping stages of technological development. 
 The very rapid 
growth of technology-borrowing countries, particularly the extraordinary 

unprecedented post-World War 11 growth of countries sch as the Republic of 

Korea, testify to this process.
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22) All technology is both universal and particular. it is universal in 

that it is based upon the principles natureof and is characteristic of all 
people. It is particular because as a problem solving process each people 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. Sifultaneously, technology as problem solving is entirely Indigenous
 
in that technology oust be adapted to met local conditions and this process of
 
adaptation meakes it one's 
own. This apparent paradox of universality and 
particularlcy, alien and indigenous, when properly understood and explained, can 
facilitate technology transfer. 
Too often the alien character of technology for
 
a recipient people is stressed, I.e. called Western technology, when it is also 
a universal technology that theis heritage of all human kind. Similarly, the
 
Appropriate Technology movement stresses the particular character of technology
 
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 nw
 
technologies. The agricultural system of the world that 
create the mans to
 
support 
4 billion people are necessary if there is not to be ess starvatlon. 
The technologies that allowed urban growth are now necessary 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 development strategy, but no evidence has been offered as to its 

aggregate validity.
 

24) 
 There are gains and losses to evolutionary and technological change,
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The humen record shows that the gains have been far greater than the losses.The claim mode for alternate technologies (and against modern technology)actually apply to mdern technology. Nature is only

countries where 
a virtue in developed

technology has partially insulated the population from its vorntrauges such as drought, famine, and plague. Modern technology is trulytechnology for the masses, giving people longer lives, more choices, and greatercontrol over their destiny. The list of the benefits of modern technology is as 
long as the criticism against it.
 

25) Technologies co-exist. 
 (a) New technologies 
are better only 
for a
range 
of problem 
and circumstances 
but not 
a11. (b) Prior technologies
frequently continue to experience improvemants. 
 () New technologies will often
be undergoing further continuous changes that may be more significant then theoriginal -invention". (d) a and c do not negate the principle that sowtechnologies becom obsolete and are a technological dead-end.
 
26) Reliability 
can 
be substituted for redundancy. 
 Modern technologies
have greater reliability (i.e., redundancy) 
 than previous technologies.
Evidence is overwhelming from data on famine and loss of life to naturaldisaster. 
 Most critics of modern technology cite breakdowns that aresubstantially not

life threatening 
(Nov York City power failure) or theoretical 
possibilities.
 

27) 
 Technological 
 interdependence 
 or complemntarity 
 in complex
technologies mans that 80m improvements in a technology require complementaryadvances tn several areas. For example, fast moving vehicles (cars, traina,planes) require braking system. Tool aking has always involved the propertyof mteriale. 
 In modern technology, 
mtrial 
properties 
(i.e., strength,
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heat or corrosion 
resistance, etc.) have to be created 
so that 
the
 
proposed system can function.
 

28) 
 The vital couplemntarities 

involve ideas and skills asAdvances noted above.in the physics, enginering and science of materialsintellectual and 

and many otherapplied inquiries are the foundation for the creationmaterials of theof modern civilizaton. As Important are the advancesnecessary to operate In the skills
the system. Contrary to popular visdom 

our skills, modern 
that we are losing

technology has required that increasing proportion of 
an ever 


our 
society be Involved in intellectual and skilled endeavor.29) 
 Though there is an Important insense Which modern weaponry and
camunIcstIODS have linked the globe, tied to one another's 
evil fate for good or forand has facilitated the growth of large centralized states,states groupingsand international of

organizations, there is also a sensetechnology in which odernis decentralizing. Very sinply, it has given individuals
of individuals greater 

and groups
choice in the larger circumstances of their life and inthe day to day range of choices available to them.


30) 
 Last but not least, the free market place ofInstitutions of 
ideas, democratic

all kinds and free econoa~c markets are all vital machanism indeveloping, transferring, and 
sustaining 
technology. 
 The dynamic
combining process
technologies of 
to create Gov technologies or borrowing technologygreatly isfacilitated 
by freedom 
of, thought 
and freedom


Broovski, of action. Jacobin his msterpiece Ucience nd ,lNew
Torchbook, Tork: Earper,1959, argues that the basic principles of scientificref ied inquiryin the last as

few centuries are essentially the sae
democracy principles of- free and open Inquiry are equally functional for scienre, for 
technology, and for deocracy. 



Attachment B 

APOCALYPSE YESTERDAY
 

"There is • question in the air, more sensed than seen, like the invisible 
approach of a distant storm, a question that I mould hesitate to ask aloud did I 
not believe it 

man?"l Thse, 

existed unvoiced 

Robert Bellbroner, 

in the 

one of 

mids of 

the mgt 

may: 'Is 

intelligent, 

there hope 

sansitive. 

for 

and 
perceptive economists 
in 
irca today, begins his book, An Inquiry into the 
hN Prospect. Paul Ehrlich, probably the best known prophet of doom in the 

19600 md 19708, is more 
emphatic 
than Usilbromer. 
 Re opens his book, The 
PopulationBomb, with the assertion: =The battle to feed all of hu~mnity Is 
over. In the 1970a and 
1980s hundreds of millions of people viii 
starve to
 
death in spite of 
any crash progra embarked upon now.'2 
 Ehrlich and mny of
 
his illustrious contemporaries 
use the imge of the four Boreemo of the 
Apocalypse: War, remLne, Pestilence, =ad Death.3 The very use of the 
apocalyptic mtephor by so= authors for their prophecies implies that they have 
sem concept of the long history of similar prophecies. 
 These current
 
prophecies differ, however, in that they are being Wde by scientists, using 

liobert L. bNilbroeer, An nquiryinto the -n.nPeosect (New York: Norton, 
1974), p. 13. 
4pml 1. brlich, The Population oob (Nw York: Sellastine boks, rev. ed. 
1971), p. ai.
 
3 hrlich, p. 45. lee also William and Paul Paddock, Vmiss 19751Decisioe :W Awrica's.hill survive (osto: Uttle, roin, 1967)0 p. 61, quoting g..
Secretary or Agricultura, .rille Freems.' 

Previous pcie i-iLik
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scientific evidence.4 
 It is reasonable, then. 
to 
use the scientific method of
empirical 
testing on some of the@@ authors' projections to give atus least apartial basis for assessing 
their 
recent pronouncements. 
 As Garrett 
Bardin
states, "To have any science at all we must generate falsiflable stateents and
have nothing to do 
with statements 
that are 
not falsifiable. 
 Sciqnce is
inherently 
vulnerable. 
 It Is proudly so. 5 ardin 
further 
argues that
 

"science does not adult invincible assertions Into its sanctuary.6 Thus,will use the methods of scientists to test the validity of their apocalyptic 

dicta. 
Fortunately for our inquiry, some of the 1960@ and early 1970s prophets of
doom were highly specific 
as to 
the nature 
and time 
of the forthcoming


disasters. Occasionally they hedged their bets by phrasing their forecasts asscenarios. Ehrlich, in one of his "scenarios" printed in 1969, specifies
series of catastrophes 

a 
that were to thebe lot of mankind during the 1970s."The end of the oceans cam late in the summer of 1979 and it came morerapidly than the 

even 
biologists had expected."7 "By September 1979, all Important

animal life in the ocean was extinct.'8 "Earlier in the year, the bird 

4 See, for example, Stephen 1. Schneider, The GenesisStratgy:Global Survival Climateand(Now Tork: Plenum Press, 1976), pp. X-,i0
SoVslnerabilit, 
WildTaboo 

the Strength of Science." InGarrett Esrdi,, Stalkin the
(Los Altos, 
Cst Villift Kaufman, 1978), p. 77.

6Grrett Nardin, The its of Altris: An colo View
(Bloomnlton: of SurvivalIndiasa tiv. rores 1977) 

Sp.7 Pau R. IEhrlich, 
1. 

"|co-Catatrophe- _4eparts, 8, No. 3 (Sept.reprinted i Current, 3 (Oct. 1969), 23-32. 
1969), 24-29, 

81hrlich, "tco-Catestrophe,- 30-31. One month afteroccur, Paul this catastropheIhrlich accepted a $10.000 was toprime for the bestThree years later, the @aem prime essay e the future,wes won (now $30,000) for an esy that
 

I 
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population was 'declated,."9 Along the way, fifty million a wereyear dying 
of malnutrition, famine gripped many countries, the green revolution was a 
failure a yields were faillng, 200,000 a year were dying of pollution, the 
midwest part theof United States was turning into a desert, diseases of all 
kinds were on the increase, and chaos was spreading. Amidst all these crises 
was a baby boom in the United States. 1 0 thrlich concedes that it is "a pretty 
grim scenario," but, "unfortunately, we aare long way into it.Ill In his 
succeeding works, it difficultis to find any indications of policy or other 
changes that were mde to ward off this catastrophe.
 

Ehrlich published his prophecies widely and in 
sm surprising places like 
the Wall Street Journal and Reader's Dilest.12 Be also called attention to 
other works of similar orientation such as Famine 19751 America's Decision: 
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 million people dieof famine in 1973-74. This is quite an achievemont since the deaths fromcauses in each of those two years was all
about 50 million. The prize winning essaywas published - Orville L. Freeman nd Ruth Karen, "The Farmer andEconomy: The the HoneyRole of the Private Sector In the Agricultural DevelopmentLDC's," Technological Forecasting and of
Social Chane: An International Journal(Special Issue - The Woodlands Conference on Sustainable Societies: FutureRoles for the Private Sector), Vol. 22, No. 2, October 1982, page 184.
 

9Ehrlich, "Eco-Catastrophe," 30.
 

10
lhrlich, "Eco-Catastrophe," 24-28.
 
1lhrlieh, "Eco-Catastrophe," 30. Elsewhere, he finds a "net result of 1.2billion deaths, one out of every three people, is not inconceivable." Ehrlich,
The Population omb, p. 47.
 

12Paul A. Ehrlich, "Work Population: Is the Battle Lost?" Bader's Digest, 94,No. 2 (Feb. 1969), 137-140, and Paul R. Ehrlich, "The Countdown to Disaster,"Wall Street Journal, 3, Dec. 1968. 

13William and Paul Paddock, Fsalne, 1975! America's Decision:(Boston: Little, grown, 1967) and Paul 
Who Will Survive 

Ehrlich, "The Coming Famine," Natural 

http:Paddock.13
http:Dilest.12
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Of the coming catastrophe as 1hrlich. "Nothing 
can stop the locomotive in time.
Collision is inevitable. Catastrophe is foredoomed .... Nov it is too 
late.' 14 There is little potential for agricultural increase; hybrid wheat 
or% little used outside the U.S. (and presumably won't be); food production is
Static.l5 Pamine  1975; catastrophe - 1982.16 The four horsemen are in 
their saddles and ready to ride.17 Though world fEmine cannot be avoided, it 
can be "ameliorated".18 Amelioration consists of saving ourselve and some 
others but not everyone. They state boldly, HBerew th is a Proposal for the Use 
of American Food: Triage.*19 Triage is based upon the French wartime edical 
practice of separating the wounded into three categories: 1) those who would
survive without Imnediate medical assistance, 2) those who could survive but 
only with imediate sedical attention, and 3) those who could not survive no 
matter what was done for them. Obviously, scarce mdical personnel turned their 
attention to the second group, then to the first, leaving the third group to 
die. Triage as an international aid policy argues that certain nations or 

Hlstory, 77, No. 5 (Hay 1968), 6-15.
 

14paddock, P. 9.
 

15paddock, pp. 82-54, 78, 20.
 

16 paddock, p. a. 

17paddock, p. 61.
 

1411111n ad Paul Paddock, Timof Fmimes: Americaandthea mew edition of Faie Vrld FoodCrises. 
Little. Irowne 

1,5 with a am Introductios and postscript Cl-ostom:1916)9 ,7 "to.uj 
illim1 9 ad Paul Paddock, Famie. 19751, pp. 207-209. 

http:ameliorated".18
http:Static.l5
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peoples are doomed and that food assistance merely delays and thereby worse.sthe inevitable catastrophe. Further, trying to save the many could Imperil thefuture of the few. This view is essentially a variant of the famed iUfeboatEthic i.e.* if too many are allowed on board, it sinks! There are, as ardin 

says in another but similar context, limito to altruis.20 
Nineteen seventy-five has come and gone, and so has 1982. It is difficultto find evidence for the Paddocks' predictions. Yet In their 1976 reprint (asTim of Famines), they confidently assert that "this volume demonstrates that itis possible to predict the course of at least some hua events.021 They madeno changes whatsoever in their text to prevent any perceptions that the datawere "massaged-.22 In their postscript they accuse their critics of beingblindly optimistic, guilty of "boosterism worthy of Babbitt," and sImplyknowing "what they 

not 
are talking 
about.'23 
 They also 
found 
 the world's
population to be "growing at an accelerating rate," which it was not then and isnot nov.24 Unequivocally, they maintain that 'the Tim of Famines is here.'25 

Scientists such as Ehrlich 
and Hardin or applied scientists with fieldexperience 
 such as the Paddocks (an economist and an agronomist) gave 

202ardin, Limits to Altruism.
 
2 1Villia and Paul Paddock, Tim 
ofFamines, author's note. 
2 2 Pddock, Tim, author's note.
 

2 3 Paddock, Tim., 22. 

2 4 paddock, Tim, 251. 
25 Paddock, T1im, 252.
 

http:massaged-.22
http:altruis.20
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respectability to doomsday prophecies. Even more prestige 
was added when theClub of Rome asked & group M.I.T. researchersOf led by Donella and Denal
Meadows to do a study of the human predicament using computers and the world 

dynsmics approach of an M.I.T. engineer,the widely publicized Jay Forrester.book, Aong the resultsThe Limits to Grovth.26 wasThe tone of this volume iscertainly not shrill, their forecastand for the apocalypse is on the order of100 years, give or take a few decades, depending upon a8ssuptions. Their 
general conclusion is that: 

If the present growth trends
Industrializat in wt. d population,
on, pollution,depletion food production,continue unchanged, and resource 
planet will be 

the limits to growth on thisreached sometime within theyears. The next one hundredmost probable result will beuncontrollable decline a rather sudden andIn both population and industrialcapacity. 27
 

The Limitsto 
 Growth study believes, however, that ecologically sound growth issustainable far into the future provided that w change our ways. Lad, ofcourse, the sooner we change, the "greater will be ... (thai chances of 
success. "28
 

Ehrlich, in defending the Paddocks' advocacy of triage, makes referencePascal's toWager.29 Simply stated, Pascal, a French philosopher and 

2 60onlla I. Meadows. Dennis L. Meadows.III* The Ui tsto Growth:A Rport 
Jorgen Renders and VilIm V.for Behrensthe Club-ofPredicament low'sProectof Heki 1 onthe12; rpt. Now York: fiverseASSOCIateS Mook, 19W4. looks, A Potomac 

2 7 lHadows et al., p. 24. 

28Ihrlich, -The Coming Famine.
2 9 Ehrlich, "The Coming Vamine," p. , and Ehrlich, ThePopulation b, pp.179- 0. 

http:Wager.29
http:Grovth.26
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mathematician, probability theorist and gambler, reasoned that belief in the 
Christian God entitled one to an afterlife of eternal bliss and that non-bellef 
meant damnation. there wasIf no God, both the believer and the non-believer 
were dead. The non-believera gained no benefit for being right but suffered a 
lose for being wrong, while the believer benefited from being right but suffered 
no loe as a consequence of being wrong. Consequently, there everythingwas to 
gain and nothing to lose by believing In God. Pascal also looked at the odds of 
eternal life against shortthe period of one's terrestrial life, so even If a 
price had to be paid, It vas small in comparison to the gains. Similarly, 
Ehrlich argues that if the Paddocks (and Ehrlich himself) are right, we can 
ezpect disaster, and if 
we accept their rightness, then through triage and other
 
actions we can amelorate the forthcoming catastrophe. Presumably, theyif are 

wrong, there won't be a doomsday even if we practice triage.
 

There is a series 
of obvious fallacies In Ehrlich's reasoning. Practicing 
triage is not costless, particularly If the doomsday forecasts are wrong. If
 
advocacy is successful In changing policy (and, 
 nfter all, that is the object of
 
advocacy), 
 a very large number of people would suffer privation and possibly 
death who might otherwise be helped. whatAnd about those who create the 
practice of triage? Keeping others out of the lifeboat isn't a pleasant thought 
and is fraught with moral and ethical implications even when the lifeboat is 
full to capacity. And, it farif is from capacity, keeping others out is 
dwnright Imoral. Certainly, trage Is not consistent with Ehrlich's statement 
elsewhere that we =must all tolearn identify with the plight of our less 
fortunate fellows on Spaceship Earth if we are to help both then and ourselves 
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to ourvive.-30 
 The Pascal's Wager 
argument 
 Is equally applicable (or

inapplicable) to any doomsday scenario and to the implied policies, for Its 
prevention.
 

SBasically, Ehrlich favors foreign aid by countries like the U.S. withspecial emphasis on the "technology of birth control.31 b has spokes anst
"tho export of death control," which one author, 
John a. Maddox, termed
 

Paternalistically offenslve."32 Yet &.rlich doesbook, find that EardinThe Limits to Altruism, arguing for 
in his

inequality and privilege, "makes his case straightforwardly and in soe ways persuasively."33 Rardin is basically
an opponent of aid to poor countries and makes a strong appeal for privilege
both within poor countries and within the vorld coinlty.34 Jay Forrester's 
york also has its political and ideological implications. Forrester developed
the system dynamics approach that was the basis for the famed Meadows report
comlesiond by the Club of RoBm on the limits to growth. Be adlts that hiswork might "give thq appearance of favoring upper income groupe and Industry atthe expense of the underemployed. 35 Earvey Limos finds Forrester to be 

30ghrlich, The PopulationBomb, p. 2. 
3 11hrlich, "World Population: 
A Battle Lostr" p. 140.
 
3 2 John a. Moddox, The Domsday Syndrome (New York: NcGrav-Eitll, 1972), p. 60.3 3 paul a. Ehrlich, review of Garrett Nardln's book, The Lits of
Altruism, inI .anmature I, no. 3 (Har. 1978),20.

34carrett lardin, "Ethical Iaplications of Carrylng Cpecity," andfor Posterlty?" "Ibo CaresIn 0ardim, The Limits of Altruism, pp. 46-69, 81-64.
3SQuoted by Barvey Limms,
Christopher, "lystem Dynamics and Techeocracy,"Freema, in I.I.D._arie Jahoda and Cole,IL.t. Pevtt,A of e., Thinkig theFuture: Critique the Limitsto t 
omverAty Press," 

Growth (Londom Chattoh a1974), p. 200. ih"$ [ot Neoex(Rprinted In UnitedDoom:A Critiqueof the Units 
the States as Nodels ofto Growth, New York: Universe Dookstj1777 

http:coinlty.34
http:control.31
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impatient with democratic processes and in favor of policies that reduce health
 

care and food supplies in order to save the World System from collapse.36
 

One of the ironies of the basic criticisms of doomday forecasting is that 
the very politics criticized, the exporta of death control and food assistance, 

my be critical factors contributing to the solution or at least the
 
aelioration of the population problem. It is generally recognized that falling 
infant mortality rates will eventually lead to falling birth rates. Since a 
fall in birth rates begins later and Initially falls more slowly, the first 
impact of decreased infant mortality and extended longevity Is to increase the 
net reproduction rate (birth rates minus death rates), i.e., increase 
population. In tims the falling birth rate overtakes the death rate (or at 
least the rate of decline of birth rates is greater than the rate of decline of 
death rates), and what is called the demographic transition takes place itas 

has in the industrialized world. In tite 1960s It my have 
 been naive optimism 

to believe it would take place in the third world countries. but from the mid 
1970s on, there is increasing beenevidence that precisely this transition has 
taking place. Even the Dhrlichsam recognize that "equity" seem to be an 
nessential factor" in 'reducing birthrates". 1When people are given access to 
the basics of life - adequate food, shelter, clothing, health care, education 
(particularly for enn), and an opportunity to improve their woll-being - they 

seem to be more willing to limit the slse of their fmilies.037 

36siimons, pp. 199, 201.
 
3 7 Faul 1. Mrlich and Anne 1. Khrlich, What Eappened to the Population Dmb?"umn Mature, 2, Mo. I (Jan. 1979), p. 70. The brlichs are mre cautious madsumuseinthis piece. I all mdesty, they consider that aswaremewss eneratedby books like The population omb contributed to the decline in the birthrate Inthe U.. os y people eeso frightened after reading the book that they 

http:collapse.36
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The general world population Picture i spotty, giving considerable groundsfor hope and also for serious concern. A umber of formerly poor countries haveumrged as Middle incoe countries With life expectancies aPproachingimG those oftrial countries and with birth rates that have fallen dramtically inrecent years. There is strong and increangl evidence of falling birth ratesMost countries, even the poorest ones. 

in 
Nevertheless, there is cause for concernbecause the evidence i weakest for the Indian subcontinent, where populationcontrol is eeded badly, and for Africa, where in may areas there is noevidence of population slowdown. Recent World Fertility Surveys indicate thatin most parts of the world women desire fever children. Further,mrriage atis rising, reinforcing 

age 
other treads for lowring birth rates. FallyPlanning programs are succoeding.38 Still, even if our most optilsticinterpretations of the population data are correct, there still will remainpopulation aprobleu. As every demographer (doomday prophet or other)recoganizes, even when fertility falls to net reproduction, the young aestructure of a Previously growing population can men population growth fordecades before it levels off. And the current optimism about population growthis based upon declines in the rate of population increase. 

The question is not whether we have problem of food supply and population 

were unable to have sez. 

to fall in the 

As a mtter of fact, the birth rate i
late l93fte the 5.s. beganand the absolute umber of births begsn falling is
the early '60m.
 
38es, among the may sources on current population and populati trends,
F lesonfront 
 t us Fidings,N, no. 39 July 1979, Theand Populotioneo World Fertility ftrvey:1979), , •st Nrris" rt, Series N,.and IFrtlity.* Me 4 ( vO.about bhellq thevi n is 

These surveys also Indicate thatthe world - e-a molytechniques giving considerable of sern birth controlroom for expansion of family planning programand for further reductios i the birth rate. 

http:succoeding.38
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but what kind of problems and how bad they are. Many contend that the problem
is not aggregate food production but rather income distribution.. D. S. Miller,
in revlev of Nutrition and the World Food Crisis, states: Food requirements 
are1 about 
2,000 kilocalorles 
per day 
per man, oman, and child, and globalagriculture produces something In ezcess of 4,500 kilocalorle. per bead per day
of crops suitable 
 for human consumption. Much of 
 this food 
is used
Inefficiently for feeding livestock to provide 
anumal products 
for the rich, but even so there ts about 
2,500 kilocalories 
per head per day available for humn

couw'ptlon. So, please let as not hear about the 
'World Food Crisls'i.39 And

the author further argues that "all the evidence suggests that farmers can cope
vith the supply problem providing It Is made worth theilr whle."40
 

There Is in fact considerable evidence to support this last assertion.

There was another study comnissioned by the Club of Row about the tilm of theMeadows report. This one wa on the theoretical mnlum 
food production
possible in the world.4! They find that taking Into account the possibilities
of Irrigation and the limitations of crop production caused by local sells mad
clLmatic conditions, 
 the absolute waximum production ... Is almost forty tiles 
the present cereal crop production.*42 Calculating on the besis of sixty-flve 

39D.. Miller, "Vht 
Food Crisess? 
 A review of Mary Alice Calieado, Nutrition 
and the 
orld Food Crises, 
 In Nature, 281 (Sept. 27, 1979), 323-324.
 
40Niller, 324.
 
411p* brgh, B.DoJ. 
 a emst and G.J. Staring Cemputsttom ofMantuaiFood Production f the Ab.lute
Tropica 50111 the brld (Vltage., setherlmdssScec • ricm - i, Dpartmeat ofr- Ugversty, VWasqen, The Notberlade.,
197),
 

42luriaghe at al*, p. I*
 

http:Crisls'i.39
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Percent of the total of available land (sizty-five percent being the percentqe
of the current land in production that Is cereal crops), the potential output is 
thirty time the present production. The authors mks a number of assumptimo, 
such as use of the latest technologies, fertilizers, seeds and multiple cropping
during all the growing days of the year. 
They recognize that In each specific 
area there are reasons why the absolute 
aximmm cannot be reached. Even so, It
 
does indicate a potential for agricultural development 
that Is considerably
beyond current production.43 Further, they sums no change In technology. 
Sow of the research efforts and possibilities recommended by 
the National
 
Research Council of the U.S. Notional Academy of Sciences are sImply astounding

In their potentials. 
 Among others 
are further possibilities 
for genetic

manipulations 
of plants, development of 
nitrogen fi ing 
bacteria for cereal 
crops, iaprovement in photosynthssf, 
 and production 
from currently unusable
 
acidic soils.44 
 These are not Pe-in-theesky recomsdatiou. 
 Hch of the 
research that 
the NC called for has been under wy for soe 
 time and shove
 

signs of succoss.45
 

on mineral resources, the se story prevails. Robert Solo,, 
tn combating 

asseseeeeeeeee 

that eighty percent of the arable landIndicate that in 197 In Aa to Isus. Satlite data now"only ,vety-tbrproductiom. 2n 
percest of land was being ueed forOur icentEarth: A RandM cNally Atlas(icao: ofEarthResourcesa nxHLy, 1979), P.p 9. 


r
4 Vwrld ew and utritioe: hePoentialCotribution ofReserch, prepared
by the kerng Commtte 
 , SC Study
Cemeseie em m World Feed ad matrit.es of theIatermatiol Rolatioge, Notional Research Couscil (Vashigtoe!
Natieal Academy of Sciescee, 1977), pp. 4-10.
 
45For eunle, e the possibility of making plant# such mere efficient In their
photetboes
-ri ekissessee Robert C. Covent OComlngi A Loop In Feod SupplywN"itr (Dc. 12, 1979)0 p. I4, ad Peter J. Vlaj
I" me@cameelldoa colvor citlPoCA. I 

Dosday
Peace Pres, 1976). pp. 76-77.
 

http:matrit.es
http:succoss.45
http:soils.44
http:production.43
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now of the fears of linment resource exhaustion, gives the following U.S.goverm'snt eotimates for years of availability and the crustal abundance of some 
of our minerals. 46 

Kawn Ultimately Recoverable
Reserves CrustalReserves Abundance
Coal 
2736 yrs.
Copper 45 5119 yrs.Iron 340117 242z106 yrs-Phosphorus 2657


481 1815X10' 
ftlybdenam 1601


65 870z106
Lead 63010 422x10 
Zinc 162


21 62106616Sulphur 409210630
Uranium 669750Aluminum 8455 1055xT
23 66,066 3500Z106 
* 
vith current technology
 

Solow defines knoVU reserve- as those recoverable using current technology.
Technology is continually creating new resources. bsources do not eNdst apartfrom technology. The raw materials of the universe becom useful to Iumas edtherefore resources as a ofresult technology change. Further, science andtechnology are, through processes of alloying, creating new naterials. This
allows for resource subetitution In case of scarcity. Am many writers havenoted, long before one runs out of a resource, there are myriad possibilities 

4 ,ober lolow, Lecture, Ulverity ofStlol m usto, fall, 1976.crustal abudance to supported by Gemeral Data ofSee aleo Eatao se jk pp. 64-65, and Cole$ p.b rg, 6 m-vat ive Response 36. 
o moe 
" -ricams to Ibterial nbrtageo,c v ,Ie -3,Me. he

Y, ec.lyee- 2 (Noy 1973), 111-10,a FMeTooters. 0 The 
and Scott Gordo nricas(Nay 197)) 06-110. telm al w r em 

eomic l avew, 63, No. 2.thef ited States t 1.4. 
the maitory of reurce availability In_rmet an Chandler hre, Scarcity(-alt" re- andG rowthJeb alpie" " MI. Pree 1963). 
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for recycling and reprocessing wate.
 
One wonders, if we 
 are being overvhelmed by population and are at thetime running out someof resources, as the doomayser insist, whataggfegate impact upon the 

has been the 
world's people? 
 Despite all this travel, economic
development ha 
 been unprecedented and has exceeded all forecasts. 

In average per capita incommore the developing countries grewrapidly betVeen 1950 andthan either they 1975 - 3.4 percent aor the developed year
comparable period countries had doneIn the In anyOfficial goals and 

past. They thereby exceededprivate expectations both was real ad not That this growthsimply statistical artifact mythe Progress that be seen inOf basic Occurred simultaneously in variou.nees. reses Indexes a century In life expectancy thatof economic requireddevelopmentcountries have been In the Industrialized 
or three decades. 

achieved In the developing world in twoProgressthe beg been edeeradication in the worldinof comunicableproportion diseases.of adults And thein developi countrieslterate who arehas increased substantially.0 
 o 
 s
 
Preliminary data from World sank and other sources indicatedevelopment that, thoughhas been slowed, it has continued through the letter part1970s.48 of theIn the United States economic growth slowed during the 1970a, but it
WAS not vastly lower then that 
of the 1960s. 
 Despite the carcinogens in ourfood and the pollutants in the air, we added 2.3 years to our life expectancy atbirth bringing it to 73.2.49 
 This brings 
to a total of nver thirty years that
 

.eee.ese....
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T 
ears of Ecoomic EL 0
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The World , 77 p7, po,n7) 1 975e
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4 10-12.ee Vorld De.loM nt PAPOrt 1979 (Vashingtonsand Th Plamea Poductl The World look, Aug. 1979),u ross Desite rs,are. the lues 1977-1977()asbingtm:.. .,
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we 125have gained in life expectancy this Century. Vith all the ways thatmodern technology, we abuseJust think of the 9ains We can make (and have made) with its
 
proper uas.
 

Of all the 
 resourcecontroversial questioss@ energy Is the most complexEnergy shortages experienced in the United States in the 1970.
the result 

aid 

were 
Of Political 
and pricing decisions
shortage. Currently, research is going on toward improved ways of using fosslfusgl, as 

and not of any resource 

such coal, toward nclear fusion, and toward solar.current, and geothermal wind, oceansources of power. 
 InPriced 
for Oil and 
the last few years with Increasedperiodic uncertainty 
of availability, the oil importingIndustrial countries have made significant laprovewnnts In energy conservation
Particularly 
conservation In the 
fors of 
eneargy- increased eificiency In the 
use of
There is no lack of energy sources, merely a lack of the technologies
to exploit then cheaply. 
 The availability of cheap gasdelayed work and oil has undoubtedlyin all this area, but there is no reasoneventually we will not to believesucceed thatin this area as we have donepast. in other areaThe canard In thethat there is Insufficient uranium for nuclearUnLted power in theStates or in the world Just will not stand up to scrutiy.S0o
Many of 
the doomsday deadlines 
noted 


passed, but this ba 
earlier in this article have long
not slowed the tempo of such prophecies. 


***esesee The Limits to
 

1979), p. 115. 
 See also Susan Previent 
Los, "What's Needed isYork Time, Affluence,4, Jan. 1980. pow508e, for example, Kenneth 1.Resources,
Sc 
 ientific
Ame 
Deffey*s and Ian D. MacGregor, 'odrica,, 
 292, No. UraniumI (Jan. 1980), 66769 or1n nergy seeRobert Stobaugh ad 

table above. 
Dl T rgin, ed ..
EnerF Futures TheBert Of ,

ON
a mausse~ the Business School Er P,rvard 
 ro (eImiCPncOSo r *ai c y (Ne Y ary * see0 9orks Acadeinje Press, 1960), ch. 7, rp .Ti ! 2 0 
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Growth book has the t enty-ninth day riddle. 
day. 

A %lily plant double@ in Size eachIf the lily were allowed to grow unchecked, 
pond 

it would Completely cover the 

Will 

In 30 days, choking off other forms of life On what day
in the water."

the lily cover half the pond? The tventy-ninth.51

riddle The twentyninth dayhas become comonpIace among those who are fearfulimplications of the futureof current economic trends.52 Pat prophecies notmy have beenprecisely right, but we are warned that the pond is half full.People In the United State. sad elsewhere are living logesr atmaterial higherstandards of living and with more education thangenerations any previoushave ever known. 
 The question arises as to why the gloom abouthuman predicament theand why the prophecies of catastrophe

Though I do not 
tn the name of ecience?

pretend to have a complete anwer, I will offerthat so comentsmight contribute to a partial understanding. That we have aof apocalyptic prediction@ 
long history 

mans that in now way this vision is part ofculture, an ourasugption ap:ly deo strted by other easay@ inRecently, this volume.this apocalyptic vision has tended to be clearer and strongerComing catastrophe on thethan on the naw world that will arise from It,visionaries Religiousin our society have both condemed odern science
it and tried to useto buttress their beliefs. It is understandable, then, that so0 
 segments ofthe public will respond to Prediction@ Of calamity by scientists. 
understandabl* It Is Ie@@that scientists would meks their sensational term that are aliento the ethics and mores of moderu science. 

.eeee.ehe
 

51Neadow at al., p. 27.52There is even a book with the title,Accomodati LAoter R, Iowm,1BM Needs &d TheTnty-NintDellumbers
to the grth'e Resources (New Ior V.V 

http:trends.52
http:tventy-ninth.51
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In the predominantly Protestant Christian culture of the United States and

the Christian culture of the European industrial countries, the work ethic has
played an Important ideological role in explaining and Justifying inequality of
ve4lth within a country and among nations. It has become obvious that we haveto work less to acquire our dally bread and that this my cause guilt pangs interms of traditional beliefs. If we are drawing our usufruct too easily,

something must be wrong. The party Is over. The price we paid is insufficient
and so ve will have payto 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. Tawney, he notes that advancing wealth wasviewed as bringing with it avarice, cupidity, and weakeninga of traditional 
relationships. 
 "Much of 
the moral idealism which in earlier times found
expression in various movements of social reform appears now, particularly in
the USA. to seek an outlet in the environmentalist movement.*54 Pollution hasbecome a symbol of moralour degradation. We have sold our soul for affluence 
and the Judgment day will soon be upon us.
 

In this author's Judgment, there is 
 considerable coifuslon on the issues ofdevelopment and resource liaitation, owing to a lack of understanding of thenature of technology and technological change. What the critics of modern 

53thrlich, "Eco-Catastrophes, 32. 
54 T.C. Sinclair, "nviromentalis: A I& recerche do temps perdu --pordur" in *.S.D. Cole at al., p. 175. 

blen 
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technology fail to re1@ie is that the MaID difference betweenearlier technologica 	 current andchange and diffusion ts sea of scale.1. truly global in its lpact. 	 dern technoloyMdern t'chnology is a Problem 
ato problem 	

o 
solving generally 	 create@ 

--- = ==Other 
ther problem oe..lvings process,centuries 	 Problemn toor more ao, 	 be solved. Fivebefore the development of flues, uropeanshome (i.e., solved 	 heated theirthe problem of cold) and createdPollutina 	 massive hmuntindoor$. 	 ofPeople throughout the vorld have (and Maygo) dram 	 continuetheir 	 to dowater from local Source, that are used forrepository 	 anlmals andfor various 	 thewaste materials. They arewater. 	 using and drinking pollutedThose lucky enough to have access to modern technologytheir 	 heat or coolhome efficiently sad drink (relatively) clean water.that these problem 	 7ev would argueare not solved better than they wereprocess 	 proviously, butof solving 	 in thethem, us, the creators and userssucceeded 	 of the technology,in creating 	 haveair and water pollution that transcendsvillage and encompas 	 the home cudregions, continents, and is of wsrTo Argue 	 global proportions.that mdern technology create@ pollution while earlierto deny the facts of 	 os didn't Isreal life experiences oi most ofThe difference 	 the world's populitg5is that our problem nov transcend

be solved 	 the hore and village and metat the global level and can only be solved with modern technology. 
TusntIeth-ceGturY Populations
Solution 	 with their problemin nineteenth-century 	 and aspiration will not findtechnologies. 

eAAYstent 
Past- There Of eCOGOUIc history know,are 	 that thereGPlorisg the 

a 	nmber of interesting popular mare so gold.. aeecoeditIs.. Of life in prior time, showiyg how 

in thead go" scholarly worksmare coaredDettimam, to the present.Tb Good See* 	 Vnpjgc@gst theyOld Deys for example.ilt'"aTe 00sU" Ol Th- •...hr Terib, the delightful book@-	 (ewdet ok by OttohyVro Terrible (Nti btudg N.se,1974).	 Rando._-. e 
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The scale of modern technology is also a factor in technology transfer andthe change it engendera. The rapidity and magnitude of the potential culturalchasges involved in using modern technology are enough to overwhelmcultures. manyBut it also offers unparalleled opportunities notImprovement but 

Only for materialalso for cultural dvancnont. In am, Industrialdwarfs technologyour previous technologies In its power to do good or evL.would Those whohave us reject it are, to say the least$ confused.
in the The real choice Ilesopportunity to understand the nature of technological change and to use 
it intelligently to serve human purposes.

The ecofomics model (waning the basic body of theory and methodmost econoealts) that 
used byargues w have little to worry aboutexhaustion. from resourceAs a dneral or sow other resource marebecomes scarce,system acts as the pricea mchnism for trasmitting this informstion. As the price ofresource arise*, we find ways of conserving it and ye work to develop technologyto use it more efficiently. One author has noted that a we move to greaterresource scarcity, pollution become lees of a problem because there will beles msts of resources (pollution) when the resources are wcarceexpense and theirrelative to the price of labor and capital.56 Rising pricesresource of onecause substitution of less scarce resources. It appearsbiologist, that In theecologist, 
and Club of Rmo models, feedback mechanise tend toworsen problem. From Nalthus onward, forecasts 

based 0o 
of doom almost invariably area form of exponential growth that brings the end upon us suddenly and 

eeese..eresee11,
 

$61tsemberg, 116. 

http:capital.56
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without waruig. 
 However, those who accept such forecasts will not
by the and, in the way be surprisedthat those who 
iat either lot eiherthespoalyaccepted 

the not be surprisedthe apocalypse the faith wu 't be surprisedor" I ofatohod.e the golden age thatPo4%el the price followed. n economistof thesystem, tmost (if not all) ofPsitive in 
the feedback mechanismthe sense that they 

are 
provide 
the signals for correction and 

redemptiofn.
 
1n his delightful book, A C.holf of Catastrophe,tyolo Isaacetymology1 ,7 ofThethe Lio,Of word catstrpheard --- tracescta-Iropnb Isa.snvtaee to thethe GreekdTer ward meaning tois ny hre, turn upsidesince mny of our contemporary

have turned catastrophistsreality upside down 
 in their predictions
to occur. Because of modern sciece and 
of cataclysms t havet
 

h
li veshnh, .,. 
i e Yet 

log ustlivli, y, O r ,healthierets,,me, al ate-technolog7 enthusiasts
movemnt, characterize theseThis toPsy-turv as 
thinking Is characteristic of the 

Nuch of modern anti-technoloy writing Is on naturesuch and naturalas natural phenomenafood or the naturalouch functionsprovauncftnte 
 of the lend.In suprivne@ets are nonsense. - Taken literally,are nonsense. _ .Leln.Tknltrlyrmans 
i es 

have always been toolus users,a different and this 

writes "The productivity of 

role in the scheme of things. Malcolm Slesser 
a natural eco-systOR

per year of protein 
is around 6 kg. per hectaresuitable for humans, and this isbetter only obtainableland fromon the earth's thesurface. Conceivably, suchmight an unintenifiedsupport systemaround two hundred allion people, a figure surpassed by the 

571e"c Asimov, A Choice of Ctastro 
 hs (New Tork, 1979), p. 13.
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Ages.-58 Long before the Middle Ages, Of course,
transform4g the earth through agriculture and husbandry. As huens weborhanoted,0one n ei ngs have probably never been in real 'balance' withenvlronm~~ theirexcept under conditions where population density i extremely thin,as in polar regions or the Australian desert.59 Us don't live
environmnt, In a naturaland, with over 4 billion people on earth, we cannot recreateObviously, one.

writers do not man a literal 'return to nature,"wonders why though onethey continue to use the phrase. All technologies
alternate, or . modern,whatever - involve humans living in an
It artificial environment.is not the naturalness that to Important but the quality and sustainability
of the life purposes that can be carried out.


Great emphasis 
 has been placed on the 'redundancy" 
system of simpler technologicaland the security that this 
confers. 
 The theoretical 
relationship
between complaxity and reliability is often illustrated with reference to such
disruptions as power outages. Twice in over a decade the lights have gone outIn New York City, and critics point to the vulnerability of modernPresumably. technology.they take for granted the reliability of electrical systemwork thatfor years with only occasional disruptions. What would they have uscompare ocr electrical system to for reliability -- candles? 

it comes toWhen the basic "life-support system," it is clear that modern 

5SMalcolm Slesser, "Energy Requirmentsand the aviroent, of Agriculture,- In Fooded. krcultureJohn Lenihan and willim V. Fletcher (New Y 9ork,76, 
59"ane Dubos, Theooineof Earth (New York, 1980), p. 57. 

http:desert.59
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technology ha created a redundancy mever before achieved. Baslc to lifesupport is the provision of food. Noder technology .. regularized
Stabilized food production, 

and 
and this has bees a factor in the steadily decliningdelth rates that have accompanled the rise and spread of mdern technology.

Despite stabilization of output, the major variable for agriculture remin, theweather. An agricultural systm that 1s essentially worldwide provides greater
security against the vagaries of wather through greater redundancy. Our modern
transportation and distribution system provide the mane to alleviate severeneed, the result being that !only a tenth as many people d&ed of femine in thethird quarter of the 20th century a" in the last quarter of the 19th century, 
despite the sach larger population no.60 

Redundancy is the
at very heart of mdern technology. 
 lospitals havebackup system. Planes can fly even with los of an engine, or two. Bridges
are built with overload factors. And on it goes. If backup system fall in ahospital, the disruption can be severe and lives can be lost. But the severityof the disruption is a function of our te4porary inability 
 to derive the
benefit of a technology. 

full
 
If the technology vere not inherently beneficial, its
loss vould be inconsequential. 
 As ve continually reiterate in our argumaents

with the sal-is-beautiful enthusiasts, the aggregate evidence of 
mortality
attests to the redundancy (i.e., safety) of wnderu technology. With the spread

of modern technology, death rates are 
 falling almst everywhere. The verysuccess of technology in protecting and sustaining life leads to needthe for 

'OJulian L. imon, "esources, Population, gnvirommnt, An Oversupply of FalseIdd Nas," kIence, 208 (June 27, 1960): 1433. 
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population control.
 

The human endeavor has always been subject to severehazards disruption bysuch as earthquae, natural
floods,, drought,

tetechnology Provides and winds uno rode protection.hati. el~lIn a @mipal Buta even bore, 
rkin found 

study of natural disaster, Judiththat, with the exception of Japan, low death ratesprevailed from disastersamog high-incom countries .61 Robert V. Katesrates arguesfrom natural hazards that "death
in the United States My be down to the reasonablyPrevetatle annual *inimum.62 Kates cites the standard figuresfro, natural disasters: one 

on mortality
In a million In the United States,thousand One In a hundredgIn the world, one in ten thousand in Bangladesh.63
It is true that et of the authors who write
disasters wite 

about risks ofalso naturalof technological hazards. One such hazardwillingness People have to live downstream from dams 

stem from a 
or in coastalto hurricanes. areas subjectOur dam 
are so safe (not only in construction but also becauseof electronic senin devices), and our hurricane-arningeffective, systemthat s" are soof us have been lulled. Into a false sensea developing country could In fact choose modern 

of security. out
 

planning technology while simultaneouslyits gettlemt Patterns to avoid risks.
countries, In already developedundertaking resettlemat would be costly. Technological hazards can 

61Judith Dworkin, "Global Trends 1. Natural Disasters, 1947-1973," Natural
 
Easard Workimg Paper no. 26 (Boulder: University of Colorado, Institute of

Behavioral Science, 1974) 
 .
 62Robert W. Kates, Risk d.
Assessennt ofnvironmetalEazard 
11. 

(New York, 1976), p. 

631bid., p. 49. (. Y 1 ) 

http:Bangladesh.63
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be minimized 
 be exercising comoa sense; natural hazards can be reducedprimarily with modern technology. Whns we look at death rates fro, all causes,it Is undeniable that modern technology has yielded a longer life epectancy.
By having ted nature in developed countries, modern technologycreated hthe framework for the life-styles that win the plaudits of thenature emthusiasts. back to

Natural or organically grown food is not a prestige item inpoor countries where dysOUtery is rampnt, yet critics speak about the pollutionof food. 
 Natural 
childbirth 
mans higher infant mortality excepttechnology has wherereduced the general level of disease. To poor farmers throughouthistory, "nature" has masal floods or droughts, locusts or ill winds. Moderntechnology, in teopering these hazards, has given the devotees of antitecholoay(or at least antinodern technology) the opportunity to pursue their oWn course.Rather than nking each of us a mrs 'cog in a machine," modern technology(particularly when coupled with democratic political institutions andtraditions) has allowed more diversity and freedom of life-style then everbefore. 
 But mall-scale cosmunities function insofar a people work togethertoward comon goals. Choices are limited, so tastes mset be similar.
DecentrallatIon is another ideal of the small scale technology advocates.And it would be a vorthy ideal - if valid. The irony is that our centrallred,technologically sophisticated. democratic societies are functionally moredecentralized than any others. Do-it-yourseltmef i a function
availability of modern 

of the 
technology in the hoes, and may of the do-ituyourselfer

also benefit from the leisure afforded by modern technology.

Ve can seek to improve our technology 
 and sake it less hazardoue;strengthen we canthe democratic processes in the collective decisions that provide the
 



framevork 135for our range of choic@es ve can work to give more people access
all the tobenefits of modern technology. These goals are consistent With treads
already operative In mdern technology. There are those of ue whoteqhaolory. like modarn
If ye unshamedly continue to work to improve It, then achievingour objectives Increases 
the poesibilities for the beck to mature folk to 

achieve theirs.
 
Possibly a position between these two model@ o 
 appropriate, 
or at leastthat is mine. Clearly, technology has solved may problem, but to doing so hascreated others. 
 Possibilities 
of serious general resource exhaustion areconsidered remote and virtually unlikely by 
met ecommists. 
 Noever, there areother threats to human lite that 
are not eignaliled to us 
through price. 
Groups
convened 
by the 
U.S. National 
Academy 
of Sciences 
have concluded
Increasing that theC02 In the atmosphere ts likely to lead to a vuruing of the climateand that chloroflurocarbo (from aerosol sprays) are adversely affectingozone theIn the stratosphere and are thereby likely to Increase skin cacer.64Oddly, these are phenomena with a very large potential for damge, yetreceive far loes they

publicity than other les founded prophecies. One presumablywould 
be cheap to 
cure (there are alternate propellants for aerosols), whilereducing pollution further (which we ore doing) vill be costly but necessary on
a variety of grounds. Chlorofluorocarbons 
are outlawed In the United States but
unfortunately they continue to be used elsewhere. 
 One author, Professor Sylvan
Vittwer, presenting a paper at 
the metiqg 
of the Asricn Association for the
 

Nichols Vad, OCOZ ioClimte:
Sciesces looo~dy Predictions2060 No. 4421 e No 
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atomic power. After hearing itsof enormous destructive powers, one of the 
senators asked weif couldn't destroy all bombs and the knowledge necessary to
make them. The physicist answered, "Senator, the bomb Is here to stay; the 
qudetion is, Is Han?" host of us would love to rid the world of destructive 
weapons and the knowledge to make them. We can't. out w9 can control then. Vs 
can't rid ourselves of modern science and technology because met people don't 
want to, and if we were to turn back our technology very far the globe would 
support far feer of us. Nothing in this study is intended to deny the serious 
nature of the world's population and resource problem. I noam in way
advocating complacency. Kowever difficult our problem my be, there are no 
empirical grounds for apocalyptic visions of certain defeat. Ve could lose, but 
the bulk of the evidence indicates that probably won't. Therewe is a solid 
factual basis for cautious optimism. Success in sclving these problem is a 
function of the eltent to which huan beings are willing to act with 
Intelligence and not of inherent environmental limitations.
 

Of all the metaphors for our 
modern predicament, the one of Spaceship Earth 
seem ms apt. It recognius that we live together In a system and met work 
together cooperatively so that it functions for everyone's benefit. The 
Spaceship also symbolises human beings' ability to use science and technology 
creatively to break barriers that were previously restraining. Mankind is 
capable of soaring toward the stars. John Devey probably sum up my argments 
better than I can:
 

Nan Who lives in a 
world of haarde Is compelled to seek forsecurity. ls hs sought to attainthem It in two ways. One ofbegan with an attempt to propitiate the powers whichenviree him and determine his destiny .... The other course
 

P ~()1 -%j 3 - : ,P 
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Attachment C
 

TECHNOLOGY AND THE USE AND CREATION OF RESOURCES 

The various catastrophic visions that sav the world exhausting energyresources, mineral, land and breathable. mere directed miely towards theactivities of the Industrial countries. Yet , if global limits to grovth hadbeen reached, economic POlicies for both the industrial countries and the ledeveloped had to take this "fact" Into account. Nuch of the Impetus for theappropriate technology movement of the 1970's 000 out of a belief that renevableresources bad to be used because we were fast running out of the other kind.That the specific catastrophic visions have not been borne out does not negatethe possibility that the forecasts on minerals my have been more accurate. Inthis chapter, me address the question of the nature of mineral resources and thepossibility of mineral availability unefor in both developed and underdeveloped 
countries. 

The earth conists of a hot molten core (of minly iron and nickel andpossibly sulfur), a solid but hot mentle (containing moet of the elementr) anda crust (of 15 to 30 miles thick on land, considerably thinner under the ocean).In this crust, the eight moat comon elements constitute about 98Z of it by 
meight and even more by volume.
 

Of these eight, oxygen 
 and silicon together comprise about 759 of theearthb. crust by meight. Aluminum Is a little over 5. The82 and Iron isother four, calcium, sodium, potassium, and aegneesum, range 
from about 22 toJust over 3/S:. These eight elements alone, vith carbon and some trace elements(mitrogem, oxygen, and hydrogen from the air, as mell as oxygen and hydrogen for 

P ac I :nkPre v u 



141 Xefore exploring the details of minerals availability, it is necessary
develop further 

to 
the functional theory of resources and the evidence for it. Somuch has been said about the limits to growth theory that many othervise 

educated people seen unaware that there is a different theory.
1) Limits to Growth Theories. The basic belief is that met resources

(particularly minerals and non-solar energy) are In some sense finite.
faster they 

The 
are used, the sooner they will be exhausted. Exponential growth inresource 
use will result in sudden and catastrophic collapse. 
 Increased


efficiency In resource use, new technologies, recycling, and other forms ofresource conservation will only postpone (generally a decade or less) but notprevent collapse. The only long-term solution to finite resources is population
control, zero economic growth, and shifta to renewable resources in all area 
of human lIfe.!
 

2) 
 CriticalResources in Short Su•ply. This position 
withis consistent

(1) above or with (3) below. Certain key mineral or energy resources are inshort supply and are likely to be exhausted within a few decades. For many oftheir 
uses there 
are reasonable 
 substitutes, 
but for som 
 there 
are 
 nosubstitutes. 
 tn our complex 
economic 
and technological 
structure 
it is
difficult to assess the extent of the adverse effect of these resource losses,but they are likely to be significant, 
 As noted, one can hold to the concept of
 
***a****a******
 

IThese and similar strategies for Preventing

to be resource exhaustion mere considered
fallacious* by the Paley Commission and wereof conservation which maks it called "a hairshirtsynonymous conceptFreedom. C.,ncation with hoerding" Resourcesfrom the President for 
eport of the President's materials 

of the United States, Trans-itting theD-C, Policy Comlssion,U.S. Government Printing Office, 
June 1952, Washington

Congress, 2nd Session. 1952. Five volumes, Doc.lenceforth 527, 62ndcited as The Paley Comissio Report,cit., p. 21, Vol. 1. n op. 



problems 
and still 143recognize 
5-vere 
resource 
problem
noted shove, it i 
In the short
Possible that 

run. As resources generally might 
not be exhausted but
there are, using current technology, soft 
0ls, they are so 

specific resources In short supply, orcostly to obtain as 
to be unecoolc 

In this Case, manki


baea proble. of 
conserving existingnew supplies 
ornew material 

supplies and creating the technologies
substitute@. 


The issue is one 
for 

technology for a transition that allows 
of creating new 

w ith the ,--,--_tThis 
for economic continuitygntratt This contrasts
 

wetheories

exhausted resources are which allow for notruly transitionsexhausted becauseand 
therefore 
require 
a fundamental
redirection in economic and technological 
activity. 
There are
solutions. 
 no technological
Attempting 
to solve resource problem with technology is illusory,
technical fix that won't work and in fact will make things 

a
 

worse. To the many
110~t't- growth 
theorists. 
technology is 
the cause 
of the problem, 
not the
solution.
 
It is 
also possible to argue that there 


resource are Do serious global problem
exhaustion 
 even of
for specific 
reasons. 
 lowever,
(including *O key
some minerals
of the most abundant) 

som 

are distributed in high concentrations
areas. 
 Thus9 in
there 
my be no 
global 
 physical
economically shortage

exploitable of these
resources; 
however, 
institutional 


Political factors, 
such
conflict as
Or simple 
economic 
blackmail 
resources may disruptand cripple the flowother ofeconomies. This 
is tre whetherImpact it beupon fertilizer an adverseoutput and food production In poorrising countriesprice of owing tooil, or a potential a 
crippling of industriallack economies due to aof energy or essential Uisrls. Where militaryscience, prowesstechnology, to a functionand industry, of 

industrial disruption can have more serious,
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of new resources. "Resources are not, they become; they are not static butexpand and contract in response to human wants and human actions.03 

There 
 is considerable 
 historical 
 and scientific 
 evidence 
 for the
cornucopian position on resources. 
 It is true that people at times have run outof specific sources or defense of one's own has been a causal factor for armiesmarching. 
 Knowu sources 
of tin were exhausted 
In the Kiddie 
 east several
thousand 
years 
ago, threatening 
the Bronze Age civilizations 
of that time.
Then, however, improved ways of working with iron were fou6d.4 morerecently, supplies of 
And 

whale oil were 
becoming Increasingly 
scarce just 
as we
 
were learning to explore and drill for oil. 

Prevailln 
Economists' View onResource Exhaustion and istorical Evidence
 
One of the most comprehensive works on the economics of historical resource
use in the U.S. is the 1963 study, Scarcity and Growth: The Economics ofNaturl source AvailblitL, by Rarold J. Iarnett 
and Chandler 
Harse.5
Barnett and Norse spell out the traditional view of resources. 'The beliefseems to thatbe natural resources are scarce; that the scarcity increases withthe passage 
of time; and that resource 
scarcity 
and its aggravation impair
levels 
of living and 
economic 
growth."6 
 To economists, 
increased 
scarcity
 

ee**e.*e.se*s
 

3ZIi rwn, 2E. cit., p. 15.
 
4Aairov, Choice of Catastrophes, 
pp. 294-295.
 
53altimore: 
The Johns *opkine Press for Resources for the Future.
 
61b.d., p. 49.
 

$ ~ A 
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1900. If, In the 19708, the relative price of some minerals or other resourcesbaa Increased, it is not necessarily the result of resource- scarcities 
or
 
difficulties of extraction.
 

i Many of the Projections of yearly supplies of resourceN are a function ofthe patterns of investment, exploration, and at times luck. In 1929 forecasts were made in the U.S. indicating only a ten-year supply of lead. In 1952 the
Paley Commission was fearful about lead supplies keeping up with demands (evenwith high prices), though their primary concern was for domestic U.S.supplies.11 
 In 1972 The Limits to Growth study (using 1970 data) found thatthere wre from 21 years (with exponential growth in utilization) to 26 years(with a constant level of utilization).12 Current- estimates of world leadreserves are generally still in excess of 20 years. In fact, In the last fewdecades the ratio of reserves to yearly use has increased for virtually allminerals and other resources. The most egregious and Isportant exception
petroleum and natural gas. 

is 
From the late 1940a to the late 1960s, reserves ofiron ore increased 1221%, manganese 272, chroulte 675Z, copper 1792, and lead 

1152.13 

110. 	 cit., Palsy Comission, Vol. II: 
 The Outlook for w.y Comoditles, pp. 5,
 
148-149.
 
12Maados, Donella 
 B., et al, The Limits to Growth (A Report for the Club ofRom's Project on the Predicament of Mankind
York: Universe looks, 1972, pp. 56-57. 

a Potomac Associate* look), New 
13John S. Carman, Obstacles toMineral 
evelmnt New Tork: Pergamon Press,
1979, p. 78.
 

http:utilization).12
http:supplies.11
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manganese as an alloy continues. However* new uses for mangansfe could reverse
these trends, Particularly If seabed sources lower its relattvg cost.16 Also,with new technology, we learn to use resources more efficiently. For example,
inil900 It took seven pounds of coal to produce 1 kilovatt hour of electricity, 
but by the 1960s It took only of.9 a pound.17
 

Necessity 
 can also force people to use resources more efficiently as theshift to higher mileage cars In the U.S. demonstrates. For example, in
Germany was producing locomotives using 1/10th the amount of copper they were
using in 1942. Though resource-sbort, Germany ended World War I with greater
stocks of moat raw materials then they had In 1939. This they achieved both by 
greater efficiency of use and by resource subetltutlon.16
 

The evolution 
 of the computer over the last three decades or furtherso
Illustrates the resource-saving character of many technological advances. 
 EINZAC

"contained 1,000 vacuum tubes, welghed 30 tons, took up 1,500 square feet offloor space, and used up " such aenergy a locomotive." Now "a computer that 
consumes no more energy than a light bulb, that is small enough to be lifted 

160a the resource intensity of manganese, seefor Raw aterialsin 1985 and 
Wilfred Malenaum, World Demand2000, New York: McGraw-Hill, 3/NJ MiningInformaton Services, 1976, pp. 42,39, 44.
 

1 7 1athan Rosenberg, "Innovative 
 ResponsesEconomic Review, to Materials Shortge,u AmericanVol. LIII, No. 2, Hey 1973, p. 116. See also by theauthoe TheRoe same
United States," Inof Science and Technology in the National Development of theWilliam Beranek, Jr. and Gustav Rans, Idltors, Science
and
1!060 , _conomicDevelopment, New York:114-68. Praeger StudiesAlso see 19JjjThe Pale 1o80sion RBarbour, Earvey Brooks, Sno 

"rt ct., Vol. 1ep 116; and IanLaKof a,Values, Now York: 
W h M q-r-- Ameri canPraeger, 1982, p. 34. 

1 02dwerd S. Mason, "Natural Resources and InviroonontalIn Chllen0, RestrictionsJan/feb 1978, reprinted in Robert C. Puth, 
to Growth,"

Amsrianonny Lexington, Mass.* 
Current Issuesin theDC Heath & Co., 19800 p. 305. 

1943 
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continental shelf are two of the Southern African strategic minerals, chrome and
the platinum group, but their exploitation is in the far distant. future.21 

In some respects me viii never "run out" of minerals. Except for thosealiuscule mounts that we may shoot into outer space, all mterials used viii
exist in somt 
form on earth. 
 Soe viii be concentrated and available for reuse
(i.e., recycling). Others viii be sufficiently diffuse as to not maks iteconomically vorthwhile to concentrate then for reuse. The Limits to Grovth 
estimated, 
for 1970, a 31-year supply of aluminum 
(assuming exponential

grorth).22 Aluminum by most. calculations is approximately 8% of the earth's 
crust.23 
 It is obvious fro, this and other illustrations that exhausting orrunning out of mineral resources are at best Impreclse mtaphors. In actualfact, what they man theis non-availability of a resource in a concentration or ore form that makes it economically usable vith current technology. As me havenoted, technological change alters resource availability. 
Most economists argue


that price changes signal resource scarcity and allow people to maks approximate 
adjustments.
 

Prices also alter resource availability. 
For example, the Paley Comilssion
 

2 10o the continental shelf see Finche and van Ransberg, 2P. cit., Chapter 12.

22Nsadows 
President 

at al, op. cit., pp. W67. Similarly, Th Global2000 porttobaa the
1 M1E5t5which mans that by now have 

a table with 1970 data shoving an S-year supply of industrial 
world nrkets me exhausted the reserves.are ovever,
Dearborn, 

curreotly glutted with all kinds of diamonds.Nofuel Minerals Projection See Ned V. 
eportto the Preident, I.n Gerald 0. Barney, The Global 2000ol. IT: ntern theTwenty-First Cetuy, VashingtoD.C:US.Governmet Prting Office, 1950, p. 212.
2 3 Donld Brobet, "Fundamental Concepts for the Analyses of ResourceAvailability," in V. Kerryaltiaore: The Johns Nopkins 

Sith (ad.), Scarcity andGrowthRaconsidered,Press for the Rsources for the Future, 1978, p.120.
 

http:crust.23
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http:future.21


153 economically exploited goes down.... Therefore, it is simply not true, as isoften remarked, that average rock will never be mined. As a matter of fact, in 
a few caseS WO are already mining comodities as by-products whoas average gradein the ore deposit is lower than that in the crust (titanium mined In beach sandis an example).o26 To utilize these ever-decreasing grades of ore down tocommon 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 greeter energy use itself.
 

In the future, not only will energy be one of the keys to mineralavailability, but 
 it will also provide an experience and 
 model for understandingthe minerals problem. Had this chapter been written in 1970 on energy sources,it would have been simple to point out the world dependency on petroleum from afew concentrated sources. One could have noted the long term declining price ofenergy 
and 
 the historic 
function 
of science 
and technology 
in replacing
exhausted energy sources with new more productive ones. One could have notedthe multiplicity of new potentially inexhaustible sources, i.e., geothermal,tidal, solar, solar satellite, nuclear fission and fusion, etc. 
 One could have
noted 
the possibilities 
for greater efficiencies and 
substitutions, 
such asinsulation for energy. 
 One could have noted possibilities of greater recoveryof oil, new finds, or obtaining oil from shale, tar, or heavy oil deposits. Allof this was true then and remains true today. Further, policies are easier to
frame in advance of 
a crisis than after it is upon us. 

262rooks and Andrews, op.

currently mined 

cit., pp. 41-42. For a table relating average
and crustal abundance, see Brobet, op. cit., p. 123. 
rock 



today in electronics, 155where it i such a prime and superior Materialdifficult to that itthink isof lasers, diodes, or seml-conductors1950, titanium withouwas Just emrging as it•31a significant metal. 
 It

moderate InIndustrial scale 32 though 

It ws 'produced on awould expand greatly in the coing decades, Today, oe rarely ees a list of 
strategic mineral s that. does not i c u e t aiu n e r eer to eis s ta wi haluminum for aircraft. 
 In the Pale 
 iti 

rarely ad 

n ref ta its e tn• -
Sonly ----
 w= -e s J
in conjunction t nt lum to m ntionedwith other metals. AtIssued, the time the report wag
the U.S. Covernment was already busily looking for 
orldwide 
sources
for it ad columbium. 
For the Pest thirty years, It has been a
there bag mineral in which
been periodic shortage. 
 Since 1975, thestockpiling U.S. Governmnt beenit.33 hasVanadium is also 
treated lightly
Rtport and referred to 
In the Pa"e COission 

a 
 Nthe least critical of all the alloying elemnts wedfor steel mking.34 
 It Is interesting that 
a news
being Item appearingwritten refers as this Isto U.S. high technology as being sold to China in exchange 

3 I1bid.. pp. 104-105.
ga see
th oContai 
amlli
Currently, that Ibsnot o 

Milbia is the Only known source of an or*, gallite
an essential constituent# but the quantity of

ineral
Fa cts and Problem.


Cur ent op. cit., p. 402.
y, hat is ot
Of SAllm as a byproductf ignificance since we are re overing adequate supplies 
of alumimthat the Palsy Comi,.ion and zinc ores.
was concerned It should also be notedsupply of to findarsenics. mew uses for the "abundant
Paley port, !E. Cit., IV$p. 100.
32 Ibid. , p. 19. 

33lhineral
Fact@ndProblem.omission in the Palo . cit., pp.s 1091-0.Wao reled u INMYrbe an Instance of a 
Tantallmoo virtual a crisis such mineral whose Irtanc#
and is as.. the Korean War.useds a capacitor In electrical systm. 

It wa used thq
 
Le Ror 
 , 0_. cit., IV, pp. 10 and 12.
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157materials Performance has been pushed to the lindt.-38 Oynoveth adds, "the 
more a society depends complex and sophisticatedon equipment, the more 
vulnerable It is to scarcities of certain key materials. even those used in very 
model amounts'. 39 

The science and technology which has through human history created
materials substitutes has also created complex technologies with very specific,
difficult-to-subtitute-for iterlal• tweds. This will continue to truebe in
the coming years. To sone this vulnerabiliry is an indicator of a larger
necessity to return to simpler uys. for the vast majority this return to the
 
past Is seen as neither possible nor desirable. A minerals policy must be one 
that monitors and responds to technological changes and the material demands 
thereby generated. For the one thing that this chapter points toward Is that 
the that the minerals problems 
are a matter of being able to 
make critical
 
transitlons to new materials and/or material sources. lIndeight may give
clearer vision than foresight, jut Intelligent foresight gives a far greater 
scope for effective action.
 

In a real sense, on minerals, the sky is 
 the limit. hon before w have
exhausted mineral opportunities on earth, humans will be mining the soon and 
asteroids for high quality ores. Already the possibilities of manufacturing in 
space are becoming clear, as experiments can be conducted to create sew alloys 
and materials under conditions of sero gravity. In time, manufacturing in space 

*aaea*e*seO..a*
 
3 Itbid.9 p. 124. Chynoveth notes, as 
we do above, that processing sons of these
minerals Is energy Istesiave. 
319Loc. cit. 
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by any posibility can get enough of everything for both its economy and war 

purposes vithin Its borders. 40
 

405es, for example, Alfred R. 9ckes, Jr., The United Statesand the Global
Struggle for inerals, Aetint The Usiversity of Texas Frees, 1960, p. 191
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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, Scuderl 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.
 
Sumer 1966.
 

4. 	Science 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 I
 

MEMORANDUM 

TO: Mis on Evaluation Officer..K/ 

MMO: Bureau Evaluation Officer, Ben, 

SU M: Evaluation Guidelines 

DATE: June 28, 1982 

Attached you will find set ofa the guidelines for obetain8iu the 
Information needed to test A' policies and procedures ad a &=Wle ecu
tive sumary illustrating the use of the guidelines. Pleme have these
 
guidelines Incorporated into Pe 
for nev projects and PIOTa for evaluations. 

The sample executive sumary covers the adoption of a plow seeder 
in Mexico. We vented to use an example from Africa but we could not find 
one. Do know ofyou any Journal articles on successful tusnsfer of knwaledge,
skills or practices in Africa? An decisionaeksrs need to exanut. some
 
cases vhther they cover AID projects or.not.
 

AfR declsionmakars also need soe examples of moccessful transfers 
that have occurred under AID projects. They need to know ubich technologies, 
i.e., skills, practices, knovledge, have transferred to African beneficlarLes 
under AID projects. Information on successful transfers mill provide the
 
kind of specific information 
requLred to enable decisioimkers to select
 
Interventions vith higher payoffs. 
 Please prepare an ebective sunsry Like
 
the example enclosed on each project 
that shove evidence of people adopting
 
the skills or practices ArD projects have promoted.
 

Please Include the sae of the person who prepares the summary.
We really have a difficult time finding out who prepares docuamsts. For 
example, most contain onlyPPs the signature of the Hission Director. Do 
you knov why meot documents do not include the Dmnes of the writers anyuore?
Send executive semnries to Mary Coleman, ATR/DP/F1A, Room 6742. 
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AFRICA EVALUATION GUIDELINES
 

Introduction:
 

The Africa Bureau requires all evaluation reports to cover thequestion% listed below. Evaluators should answer these questions
in an executive summary of less than five pages. Missions may include other requirements in scopes of work for evaluations 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 sample Executive Summaryprovides 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 plant cotton later

than the optimum time thereby reducing average yields
by 23 percent.
 

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

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

: This project introduces a package of herbicides,
fort zers and training in their use which will decrease
the labor requirements for weeding food crops and releasethe labor farmers need to plant cotton at the optimum time. 

111. What technology did the project attempt to replace? 

Do intended beneficiaries plant with a digging stick,use unimproved seed:, vaccinate cattle and receive only
unusable technologies from government-sponsored Research? 

Example: The intended beneficiaries now use hand hoes towei tneir subsistence crops. 
The project proposes to 
replace them with herbicides. 



IV. 

V. 

V1. 
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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 moment 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 forty
dollars 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 beneficiaries exhibit 
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 
functional literacy level; however, 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. 

What 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 percent for the proposed 
technology. During that period, however, the price of cotton 
rose to a level about SO percent hiqher 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 !axmers in the 
project area infer that prevailing ;argate prices provide 
sufficient incentive for farmers to adopt the new technolo
gical package for food crol s so they can plant cotton at the 
optimum time. Since demon.t:ation -:tias began only six 
.months ago, the project will not qenerateinformation on the 
adoption rate for another eighteen months. 
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VII. Has the project set forces intogurt motion that will induceezp1oration of the constraint and improvementsto the tecnical package proposed to overcome it?
 

What incentives does the national research service have tocontinue working on the constraint once the Project has
terminated? Does the research service have connectionswith other research organizations working on theproblem? Has self-interest same 
caused groups to organizepressure the government to continue funding? 

and 

VIII. Do private input suppliers hhve an incentive to examinethe constraint addressed by the project and to come upwith solutions? 

If private input suppliers at present do not have anincentive to examine this otheror constraints, discusshow the project might assist in providing incentivesget the private sector involved toin such activities. Can
local enterprises produce the physical portion of the newtechnologies: implements, improved seeds, farm chemicals?Does the promoted technology provide incentivesindustry to involve for privateitself in the ongoing improvementand marketing of the technology?
 
IX. What delivery system did the project employ to transfertechnology to intended beneficiaries?
 

Does the project provide training in the use of the newtechnology to extension agents who in turn will train
groups of farmers? What entities will the agents useto organize groups: cooperative leaders

community leaders? Does project plan 

clan leaders,
the to diffuse thetechnology through private input suppliers?
 

X. What training techniques did the project use to develop
the delivery system? 

What kinds of skills did the delivery system need to makethe technoloy transfer and how did it obtain them? Whatmethods did the project use to develop these skills andhow long did it take? What characteristicstrainees possess did theprior to receiving the training: education#
experience, sex?
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X1. 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 allpwed many to return to cultivate their lands. This has'stowed the migration of landholders to Mexico City. The new seeder, however, has not had a positive impact onthose without landrights. .Many of them depended on plantingcorn for employment. The new seeder almost eliminated theneed for day laborers during the planting season. Thishas increased the migration of the landless to Mexico City.Another factor also influenced these changes. Dredgingthe river removed the final threat to flooding in 1972.This factor without doubt influenced people in making

their decision to fa..%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.) 

25 lay 1982 (AFR/D:HL) 
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SA-MLE SAMPLE SAZLE 

(AFRIDP/PPEA has prepared this sample suary to guide AFRevaluation officers and others in preparing the Executive
Sunaries 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 project attempt to relieve? 
Th4s project attacked the cost constraint to raising
corn, the only cash crop available to farmers of the
Temascalcingo Valley. 
Farmer's average harvests of1500 kilograms per hectare yielded them $110. Cultivation costs averaged $46.00 leaving farmers only$67.00 to pay harvesting and tranpportation 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.
 

IZl. What technology did the project attempt to replace? 

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

The project planners believed 
that cost savings uould Providan.: dequate incentive to adopt the Plow seeder.one .hec.re of corn with a 
Planftiogdigging stick required twelveperson days of labor and cost an'averageof $14.40.Peproject studies estimated

Plow seeder at under 
the costs of plantizg with a$5.00 per hectare. Plantinghectare of onecorn using the plow seeder actually requiredtwo person days of labor and cost $3.20.
 

V. What characteristics did the intended beneficiaries exh4bitthat had relevance to their adopting the proposed technology? 
The farmers' landexperience holdings averaged about two hectares. They bairt using drft animals and some had usedsa.plow toplant corn. To plant withtube of maguey leaves or a :plow farmers -would-fashion aof metal- attach it to the plow anddrop seeds through.t as they walked behindfarmers experienced low gel=-7mtioln 

the plow. owever, 
n4que. These rates. Using this-techseedV-s did-not deposit theFarmers asked seeds deeply .enough.a local blacksmith -to build a plow seeder thatwould deposit seeds deeper. 

VI. What adoption rate has this project achieved in transferring
the proposed technology? 

The cozunmty of Puerto do las Piedras, located a few miles
from Temascalcingo, illustrates thi adoptioninovation. rate of thisPrior to 1957 farmers had only one satisfactoryPlanting technology, the digging stick. Between 1957 and1967 about half of the farmers had begun toshift plow seeder. The project 
use the make

introduced two improvedplow seeders in Temascalcingo in 1967. We do not know
when the first one reached Puerto de las Piedras. By 1973,
however, a1l but .twoof the 146 people with land rights ha4
adopted the plow seeder 
 These two, a father and son team,rented a tractor to plow and seed their land. About thirty
percent of the farmers owned plow seeders; the other seventy
percent rented them.
 

VIZ. Ras the project set forces into motion that will inducefurther exploration of the constraint and improvements
to the technical package proposed to overcome it?
 
Yes, the project has mobil. zed the sel.-interest • forcesof the private iJectcr to L.prove the technology andto reduce its zost (see answer to question V11). 
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VIII. Do private input suppliers have an incentive to examine
the constraint addressed by the project and to come upwith solutions? 

Yes. The seeder plow demonstrated to local blacksmithsthat they could profit from making improved far& tools.-The project assisted a blacksmith to designthat would a Plow seederplant seeds at 20 centimete , cover the seedsand retain firmly the seeding tube.produced the The blacksmithfirst two seeders in 1967. Hereadily and produced other-s. sold them 
his produciton capaity of 200 

By 1973 his sales had reache 
them seeders annually.for $20.00 each. Be soldSome buyersaway. The blacksmith could not 

came from S0 miles
afford a stwhich he needed ing machineto increase his produc.tion.in the area also Othr blacksmithsbegan pcoducing

for about the 
the seeder and selling itsame price. All of the blacksmithsmany seeders sold asas they could or wanted to produces however,they feared that oneMonterrey would of the large plow manufactuesbegin producing the seeder in in*at a lower quantity andprice. 

IX. What delivery system did thi.project employ to transfertechnology to intended beneficiaries? 

The forces of the market transferred the plowseeder technology from the Temascalcingo Valleyto other communities and regions. 

X.. What training techniques did the project use to developthe delivery system? 

The project did not need to develop a system to deliver
the improved technology. The project reliedthe self-interest entirely uponforces of the marketFarmers became to deliver it.converted toother farmers 
the plow seeder by watchinguse it. The interaction amongblacksmiths farmers andfacilitated the transfer ofwithout the technologythe intervention of research entities or exten

sion agents.
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XI. 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 .allowed many to return to cultivate their rands. 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 almost eliminated thineed for day laborers during the planting season. This
has increased the migration of the landless to Mexico City.
Another factor also influenced these changes. Dredgingthe 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 inRural Mexico*, by Billie DeWalt, published in
Technolqgy and Culture, January, 1'978, 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
 

ad 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 attenpt to relieve?
 

a. 
Describe each constraint in sufficient detail to
 

permit measurement of the influence of project tech

noloqy on the constraint.
 

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

sources of information utilized in identifying it.
 

c. 
Does the project address a binding constraint? If
 

not, describe the binding constraint and the strategy for
 

relieving it. For example, price 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?
 

Pre-7!,. Pace=sick 
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f. What prevents tne private sector trum auurerssin tile citeu 

constraints? 

2. What technologies did the project promote to relievq tile
 

constraints?
 

a. 
Provide a complete aescription of tne technology tie project
 

promotes among end 
users.
 

b. 
Compare the complexity of tne new tecnnoloyies witn
 

technologies currently used.
 

c. 
Comment on the divisibility of tne new tecnnology ana tne
 
feasibility of partial adoption e.g. plant only one row ot a
 

new crop.
 

d. 
Estimate the cost of the new technologies with those of
 

currently used technologies.
 

*. 
Specify the skills needed and the cnanyes in oendvior
 
required by clients to adopt the new technology.
 

3. What technologies did the project attempt 
to replace?
 

a. 
Describe in detail prepro3ect technologies.
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b. 	 Estimate the cost 
oi prepruject tecanulogies.
 

c. 	Discuss the divisibility of preproject tecnnuloie.
 

d. 	Speeify the skills required uy preproject teciinoLoygi.
 

e. 
What have potential adopters done to aduress tue constraint?
 

4. Why did project planners believe that intended oenoticidries
 

would adopt the proposed tecnnologies?
 

a. 	Compare the out-of-pocket costs of the new and the
 

preproject technologies.
 

b. 	Comment on risk factors such as higher front end cost and
 

the attitudes of potential adopters towards tnese risk
 

factors.
 

c. 	Comment on the compatibility of traditional values witit
 

adoption and otner factors inztluencing adoption sucn ds
 

complexity of tae new technoloyy, its communicaoiity anu
 

Its 	acceptability to opinion Leaders.
 

d. 
Cite the sources of information useu to answer this question.
 

e. Comment on the extent of diffusion of infuration aoout tne
 

new technoLogy.
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f. Comment on the 
impact of project tecnnoloyy on work
 

schedules.
 

5. 
 What characteristics did the intended oeneticiaries exnbit that
 
had relevance to their adopting the proposed technologies?
 

a. 
 Provide information such as education background, amount ot
 
family labor available, family size, income or net wortn,
 
degree of social participation, access to the cash economy
 
and attitudes toward traditional or modern values.
 

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

and discuss seasonal peak demands for labor.
 

c. 
 Cite the sources of information utilized to answer 
tnis
 

question.
 

6. 
 What adoption rate has this project achieved in transferring the
 

proposed technology?
 

a. 
 Describe what constitutes adoption.
 

b. Cite the precise method of 
computing the adoption rate and
 

identity the variables used in 
tne computation. 
For
 
example, adopters divided oy potential adopters. (Define
 

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

the values of the variables and a description of the methodo

logy used.
 

d. 	Describe factors impeding adoption and constrdinst not
 

previously anticipated which affect adoption.
 

7. 	Has the project set forces in motion that will inuuce iurtner
 

exploration of the constraint and briny forth improvements tu
 

the technical package proposed to overcome it.
 

a. 	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 inaucu
 

further exploration of the constraint and improvements to
 

the technology.
 

b. 	Cite public sector linkages that will provide access to new
 

knowledge related to the constraints attackeo Dy the project.
 

c. 	Describe any actions which adopters have taken to sudtlan
 

the technology after project tunds disourse.
 

8. 	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 wity tie privdte sector hds not audress t~iu 

constraint. 

b. 
 Provide information on sources of inputs neeutu .to sustain
 

the technology and assess 
the 	demand for 
tne prouuct
 

affected by project technology.
 

c. 
 Could one reasonably expect to develop a market for 
t.e
 

promoted tecnnology?
 

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

technologies promoted.
 

e. 
 Discuss market for the product impacted Oy tne project
 

technology and whether it will handle the ilcreasud
 

production.
 

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

9. 
 What delivery system did the project employ to transfer 
tne
 

technology to 
intended beneficiaries?
 

a. 
 Describe the delivery system and eacn major component of it.
 

b. 	 Foc each component of the delivery system descciae tne
 
causal relationship that leads 
to extension and to tne
 

adoption of project technoLouaes.
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Describe the indLcators uses 
to measure tne ettectiveness ot
 

the delivery system.
 

d. 	Do indigeneous delivery systems complement or 
compete with
 
the system assisted by tne project: 
for example, indigenous
 

health healers versus 
health clinics.
 

e. 
Assess the sensitivity of adoption to adnerence to tne
 

implemention schedule as well as essentiai actions to
 

compensate for key events which may have not tinisnec 
 on
 

schedule.
 

f. 
Specify the skills needed to operate the delivery system
 

relative to those available.
 

10. 	What technology does the project intend to transfer to the
 
delivery system ad what techniques will tne project use to make
 

the transfer?
 

a. 
Describe the technologye if any, transferred to tne ablivery
 

system.
 

b. 
Describe the training proviaed for change ayelts or otner
 

delivery system personnel.
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c. Describe ta~e methods used to commnunicate project tectinology 

to potential ddopters. 

11. 
What effect did the transferred technolo9 y have on 
tnose
 

impacted by it?
 

a. 
 Describe the effects of -the technologies on aaopters anu
 

other beneficiaries.
 

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

project.
 

c. 
 Describe the causal relationship between adoption of project
 

technologies and their impact.
 

d. 
 Mention any complementary benefits of the technology
 

transferred.
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Appendix IV-l SUIMARY OF THE W)RKING SESSIONS HELD DURING THE
 
WEEK OF FEBRUARY 28, 1983
 

Cbst Effective Alternatives
 

On the subject of cost effective alternatives for Identifying and obtaining
 

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 Information requirements for
 

each project. Since it is obvious that Information requirements may
 

vary widely 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) 	complexity 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 monitoring information which
 

is needed in addition to the information normally collected. The plan should
 

specify case studies. anthropological studies or ethnographies. baseline
 

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

F.PCriiousPCI . Mii
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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
 

p&Ints 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 developmenL should always be defined in addition
 

to political, economic, or cultural constraints.
 

Project planners and evaluators should determine if the constraint can be
 

relieved within 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 reconmmend alternative technology to deal with them. 
Foreign
 

exchange should always be considered as 
a possible post project constraint.
 

Cost-benefit analysis is an appropriate method of identifying constraints in
 

many instances.
 

The establishment of ani Institutional structure should always be considered
 

when searching for constraints as well as governtents' willingness 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
 

lnt the monetary system could constitute an ultimate constraint, meaning that
 

this constraint must be overcome before attempting to relieve any other con

smaints 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 lzng 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 equates 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.
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Evaluators should ask if the technology package which includes the delivery
 

lystem Is a sustainable process.
 

Delivery Systems
 

.Thepropositions presented include the following.
 

It Is reasonable to expect that a viable delivery system will be In place
 

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 was held on the
 

problems of communicating the meaning of the 11 questions to AID officialso
 

mission and contractor personnel untrained In evaluation and technology. It
 

was 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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eubqueations it was decided that specific questions for each sector vol'ld be 
Needed eventually to clear up Issues peculiar to the sector.
 

Moreover, en evaluation plan would be needed for each project that would set 
forth specific Information and date collection requirement@ for the project.
 

The remainder of the working sesaioa was used in developing the subordinate
 

questions to each question. 
This effort is documented in enclosure 1.
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Appendix IV-2 SUJIUESTIONS TO EVALUATION GUIDELINES DEVELOPED DURING 
WORKING SESSION, FEBRUARY 28 THROUGH MARCH 4. 1983 

Subguestions
 

X. 	What constraints did this project attempt to relieve?
 

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

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

c. 	What is preventing the private sector from addressing these con

straints?
 

d. 	What AID policies are implement-ad if these constraints are relieved?
 

e. 	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?
 

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

g. 	How were these constraints identified or determined?
 

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

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

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

b. 	Will the technology proposed by the project increase production and
 
what evidence is there that it will?
 

c. 	Will the proposed technology create a relative advantage, an economic
 
advantage or a marginal cost which is lower than competing tech
halosies?
 

d. 	How does the cost of using the now technology, especially rhe front
 
end costs, compare with the existing technology?
 

e. 	What hardware or physical resources are involved in the transfer
 
of the proposed technology?
 

*eters to technology directed at end user only. Use question 10 for technology
 
directed at the delivery system.
 

Previous Page Bkii6
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f. 	What behavioral changes are brought about by the proposed technology?
 

g. 	fWhat ideas, skills, knowledge, processes, techniques, practices or
 
software are being transferred by the proposed technology?
 

h. 	how would you describe the process and what it does in layman's
 

terms? 

111. What technology did the project attempt to replace?
 

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

b. 	What knowledge, 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 Lo)p and hardware gap 
exists between the preproject technology and the proposed project 
technology? 

IV. 	Why did project planners believe that intended beneficiaries would
 
adopt the proposed technology?
 

a. 	Is 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?
 

c. 	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 now (preproject)
 
exist and how will the proposed technology affect this?
 

Does the new technology permit more efficient or extensive or
 
intensive use of land, labor or other factors of production?
 

f. 	What are the preproject needs of the country(s) and area(s) targeted
 
by the project?
 

g. 	Now is the energy being used under preproject technology and what
 
affect will the project have on this use?
 

h. 	What basic needs such as food, shelter, health, and clothing will 
be affected by the project and in what way will these be effected? 
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1. 	What other incentives or disincentives exist that may influence
 
adoption of project technology?
 

j. 	Are there any environmental factors that will offset the good done
 
by the project?
 

k. 	What effect viii the project have on nutrition, water, endemic disease,
 
and education?
 

1. 	What sources of information were issed Inanswering these questions?
 

Has a feasibility study been conducted?
 

Have any case studies or baseline surveys been conducted?
 

m. 	What Is the role of private enterprise and how will It be affected
 
by the project?
 

n. 	What skills will be acquired by target beneficiaries and what markets
 
exist for these skills?
 

o. 	What impact will the acquisition of skills or education provided by
 
the project have on the composition of the labor force or urban
 
drift?
 

Will the labor classification and labor market of project beneficiaries
 
be changed by skills or education provided by the projects?
 

V. 	What characteristics did the intended beneficiaries exhibit that had
 
relevance to their adopting the proposed te !ology?
 

a. 	What are the potential adopters doing now that would Indicate a
 

willingness to adopt project technology?
 

Have they shown en interest in similar projects?
 

Can you cite evidence of this interest?
 

b. 	Has a household survey or has farming system research been conducted
 
which can provide authoritative Information on characteristics of
 
adopters and potential adopters?
 

c. 	 What research or information requirements were specified in the 
PID, and inthe evaluation plan for the project? 

d. 	How such funding (Pis & S) was made available for research?
 

a. 	Do any social organiiations exist that will Impede or faciliate use
 
of the project technology?
 

f. 	Describe the educational level of potential adopters?
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8. Nowvill the availability of labor be affected by the project?
 

Is there a time constraint or potential adopters that vill,affect
 
their availability or limit their participation in the project or In
 
adopting the project's technology?
 

VL.I What adoption rate has this project achieved in transferring the proposed
 
technology?*
 

a. 	Nov viii you measure 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 whole package in 3 acres out of 8 acres.
 

c. 	What measurement of interest and awareness 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?
 

VII. Has the project 
set forces in motion that viii induce further exploration

of the constraint and improvements to the technical package proposed to
 
overcome it?
 

a. 	Describe the forces that the project could set in motion.
 

Were any of these set in notion by the project?
 

b. 	Will the@e forces sustain themselves inaddition t9 addressing the
 
constraint?
 

c. 
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 what way will it facilitate further technology transfer?
 

d. 	What Indigenous institutions or forces will be created that will
 
sustain the project?
 

e, 	Have we created an Institutional structure as a part of the project
 
that will serve as a delivery system?
 

f, 	Does the institution have the capability of sustaining itself and
 
promoting the technology politically and economically?
 

Refers to technology directed at the end user only.
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S. 	Do you foresee the creation of linkages that give the beneficiaries
 
access to new knowledge as the project develops?
 

h. 	What actions will the intended beneficiaries have to take to sustain
 
the new technology after project funds are exhausted and what actions
 
do you foresee them taking?
 

1. 	Do you foresee that this project will create public sector linkages
 
that facilitate the transmission of knowledge about new and improved
 
technology?
 

VIII. 	 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 why the private sector can not now address
 
and'solve the problem addressed by the project?
 

b. 	Is there a reasonable expectation that a market can be developed
 
locally, nationally, or internationally?
 

c. 	What market constraints, technical or informational, Including

lack of skills, can be anticipated that will discourage the private
 
sector from addressing this problem?
 

d. 	Does this project seek to create or enhance an, market mechanism
 
that will be capable of sustaining the project in later years?
 

e. 	In what way do you anticipate that the market mechanism wi ll
 
sustain the project technology after project completion and
 
facilitate diffusion or transfer of technology?
 

In what way 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 sLop?
 

IX. 	What delivery system did the project employ to transfer technology to
 
intended beneficiaries?
 

a. 	Now 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 system, what are the achievements
 
that will be measured and mentioned? (ambiguous)
 

c. 	 Is there an Indigeous delivery system and how does it relate to 
or complement or compete with the system proposed by the project? 

d. 	Is the Indigenous system capable of supporting project lplementation
 
requirements? If no, are there modifications that could be made
 
to the indigenous system that would enable to fulfill the project

requirements?
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a. 	If the delivery system Is not in the private sector, what are the
 
arguements for and against having It in the private sector on this
 
project?
 

f. 	What institutions will the project utilize or interface with or
 
create in Implementing the project delivery system?
 

S. 	In establishing the delivery system. can you anticipate any tension or
 
friction that will occur?
 

h. 	Has a baseline been defined or described from which the delivery system
 
starts and if so. how would you describe the gasoline? What are the
 
skill levels and educational levels of the change agents?
 

i. 	What skill levels and manpower are needed to implement the project

delivery system and how much training is anticipated? (Move to Q 10)
 

On what basis was the decision made to have a training program of this
 
type? (Move to Q 10)
 

J. 	What are the causal relationships between adoption and delivery
 
systems?
 

k. 	How many will be trained and how many will stay on the job and practice

in the field during the project and subsequent to its completion?
 
(Move to Q 10)
 

1. 	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 pnd subsequent to
 
it? (Move to Q 10)
 

m. 
How would you describe the step-by-step logical relationship or causal
 
relationship between the delivery system and the transfer of project
 
technology?
 

n. 	How will training be accomplished? (Move to Q 10)
 

o. 	What training techniques or methods will be used at each step of
 
the delivery system? (Move to Q 10)
 

p. 	What training techniques or methods were used to train change agents,

administrative personnel delivery agents and adopters? 
 (Hove to Q 10)
 

How 	many received training? (Move to Q 10)
 

q. 	How does the delivery system create an awareness of the project
 
technology?
 

r. 	How does the delivery syhtem develop an interest in project
 
technology?
 



a. 	Now does the delivery system enhance evaluation and testing of
 
project?
 

t. 	How does the delivery system eithance adoption and sustai it?
 

u. 	What kind of management information and monitoring system has been
 
established to evaluate project implementation? In addition to the
 
obligation of funds, what events or major milestones will be monitored
 
and reported?
 

v. 	Now sensitive in adoption to adherence to the project implementation
 
schedule and what adjustments are needed, if any, if key events are
 
not completed in schedule?
 

v. 	What information Is collected by the project monitoring system that
 
is relevant to carrying out AID policy?
 

X. What technology does project intend to transfer to the delivery system
 

and what techniques does project intend to use to make the transfer?
 

Note: This question was revised subsequent to the working session.
 

XI. What effect did the transferred technology have upon those impacted by it? 

a. 	For evaluation purposes, what complementary or unexpected benefits
 
have resulted or are expected to result from the project?
 

b. 	Can any undesireable outcomes or results from adoption of project
 
technology be anticipated?
 

c. 	To what extent can project benefits or outcomes be expected to 
enhance development or retard it? 
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May 16o 1983
 

HEHORAMDUM TO AIR/DR# Henry Miles
 

FROM a PPCIEA, Alan Rufus Waters
 

8343ECT Evaluation Strategies
 

The visit of Tom DeoGregori seems to have been outstandingly

successful and you are to be warply congratulated €n 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 wax valuable and
 
caused minimal disturbance.
 

There are a couple of general and positive -deas that you might

consider in continuing to evo.ve your quesLicns. First, this
 
is strictly a supply side approach tn econ,wic teems. In other
 
words, you are asking questions which elici. infoxmation abiut
 
cost. This is vry gcod. but there is anothir sidi to any
 
transact ion.
 

You do turn to the consumer or the 6emand side in Question a, I
 
sense that this a soction which might be sx..ndeu or at leaat
 
edited to be sore apecific.
 

The basic promise of Question 4 is very go~x;. However, we
 
might as% whose viewpoint should rea~ly rul,. By this 1 nmn
 
t.hat I %ould ask whether it is the nroject pienners who shald
 
he inducwd to believe that the intended ba:.eficiAr:es would
 
adopt the proposed technologies, or whether direct access t.
 
the intesaded benef;ciaries would not be enr. appropriate.
 

We'have a whole pcfasehion whieh had emerg-,' ds a generic
 
ertity 4.athe last tvo decades and i-w etaiJ with full
 
'especLahility on its own two feet: *arket'nI. Htrketing 
.,,idles the demand side of th" equatien and it haj as yet ua.%J 
little iespact on the activit!s of this Ag,. :v. 

Tn order to accept or reject cay proposal 1i' Is d'sirable L,

know the earliest ",iin; at which rv)scticon 1.e'7ee. inevit.'mble.
 
;herefoie, the apr' srh should be to discu-,-r fir-t if the,,. 
exists an identifii it#demand for th,. fin-0 .rvi':es or tie 
n,#PmodilIes which the proposal it intoede, 0o yena:ate. 

,oo, thj' is the auestion Lf cash flrws 'ch are necasvaj
for the ptoposed activity to continui fune. loning. You di,.'as8 

Prevlaus Page Bcz!:
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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 Finance Association end 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 generite sufficient recurrent

expenditure. 
Also, It has to have funds available to meet
outflows, not only in accounting fnrm but in actual cash at the

appropriate times. 
This area shou.d be tackled.
 

In Question 4b you mention the question of risk. 
This is

important, but once again it is the subject of profeosional
study by a major segment of the accountinq profession and

perhaps a qood CPA whose interests lie in the measurement of

risk could address this issue in more specific terms.
 

In Question 4d you might recognize tCat prices aie the most
efftctive source of informatio, to people in a wi~espread

market and to potential and act]al producer3 of bbrvi.es and
commodities. 
Therefore, some reccgnition or disctiesion of the
role of prices as irfornation inlicato:s, as wel as their
 
rationing function, might dell be included.
 

Finally, thi impact wf project technolyjy on work sch.dules in
Question 41 
is an e~ellent idea and rel~tqs inmodiately to the
 cost of labnr. 
 Thtre is the un(eLlying anthroprlcgic4l Issue
of what it takes to induce people to work an untiso.p schedulve

but from the standpolnt of a proje'.t tte issue is nnq of the
ouclay necsary tc ;nduce a pmrtt ular schedule. I think an
ecoisomic arproach to this would I%@ 
in terra o& !bur costs. 

To eJpeat, I think you are doing &n outstar.i.q Jr and I want
to support yont in eviry way. 
I will Le happy to oene ato so.e
further comments if you feel they Are fruitful. 

CC:
 
A/AR, F. S. Auddy 

http:bbrvi.es
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Appendix IV-3.2 FORMAL COMMENTS
 

May 12, 1983
 

TO s AFR/DP/PPEA/E, Henry Miles 
'p 

FROM s PPC/E/PES, Michael Zak4X " 

SU47ECT: 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 l-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 6-8t are legitimate evaluation questions.
 

(c) Questions 9-10t are descriptive and not analytical.

For 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 available, 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.
 

3. Bottom line# Your guidance is now up to eight pages.

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
 

PgM RF
 



201
 

Appendix IV-3.3 FORIMAL COMNENTS 

MiORANDUM 

TO: Bureau Evaluation Officer, Henry L. Miles AFR/DP
 

FROM: Andrew B. Sisson AFR/PD/SWAP
 

SUBJECT: Evaluation Guidelines
 

Date: Kay 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 beneficiairies 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 SENRY Rice Project in North Cameroon (financed

by the World Bank, French Caisse Centrals, and Cameroon Government).
 

Unintended impacts include: increased incidence of 
schistosouLasis, worsened 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

who suffered from diminished river flows and poorer
 
pasture stemming from the irrigation works.
 

c. Farmers claiming that irrigated rice has increased illness,
causing them 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,
 

Ingeneral, 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 ina
more simple way. I 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 itcost? (i.e., what is the delivery system?)
 

Just thoughts, but maybe you want to suggest the Hariadene that these key
 
questions be answered inthe executive summary for a project paper.
 

Regards,
 

Rose Marie
 

PrevuiO pae k
 



205 

Appendix IV-4 SUMMARY OF PARTICIPANT RESPONSES
 

The questionnaire used for obtaining responses from participants Is 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, it indicates the responses of those with sufficient interest and time 
to iespond. Many of the respondents were senior officers at AID.
 

1. First heard of the Africa Evaluation Guidelines
 

At seminar 7
 
Other 1983 3
 
In 1982 8 
Prior to 1982 4 
Nonresponse 2 

Total 24
 

2. Number of Project Evaluation Summaries read during the
 

0 1-2 3-6 7 or more Nonresponse 

Last 3 months 7 12 3 1 1 
Last year 4 5 9 5 1 

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 11
 
Have not read 10
 
Nonresponse 3
 

5. Number of participants who want their name placed on distribution list
 
for executive summaries
 

Yes 17
 
No 4
 
Nonresponse 3
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6. 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
 

7. 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
Did not specify additional information needs 
1
 
4
 

8. Question that participants considered to be most important:
 

Count
First in importance
 

Question 1 
 10

Questions 7,9, 11 
 2 each

Questions 4, 5, 6, 10 
 1 each

Nonresponse 
 4
 

Second in importance
 

Question 2 
 7

Question 4 
 3

Questions 1, 7, 9, 11 
 2 each
 
Questions 3, 5 
 1 each
 

9. Participants who used evaluation findings In their work
 

Used 
 13
 
Not used 6
 
Nonresponse 5
 

10. 
 Order of importance of Infonmation obtained by participant from

seminar.
 

On guidelines 
 12
 
On technology transfer 
 3

On other things 2

Nonresponse 7
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11. 	 Participants expressing an interested inattending 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) 

1. 	When did you first hear of the Africa Evaluation Guidelines? 

At time of seminar Yes 7 No 
Other 17 Year: 1983-- 198- Prior to 1982 4 NR 2 

2. How many Project Evaluation Summari,;s have you read in the past three
 
months? during the past year?
 

3. 	Did you read the summaries to obtain information for a different
 
project? __F nr in connection with an action on the project
 
covered by the evaluation?
 

4. Have you read an Executive Summary prepared in response to the AFR
 
Evaluation Guidelines? Yes No
 

5. Do you want your name placed on the distribution for such Executive
 
Summaries? Yes No
 

6. 	Inyour opinion do the questions cover the project evaluation type
 
information to support your decisions? Yes No
 

7. Ifno, please indicate in the document entitled "Suggestions for
 
Clarifying Evaluation Guidelines" the additions or modifications
 
needed to get the information that you need.
 

8. Please indicate in rank order the five questions inthe guidelines
 
that you consider most important.

1st 2nd 3rd 4th 5th
 

9. What specific evaluation findings have you used inyour work during
 
the past year?
 

10. 	 What information that you obtained inthe seminar do you consider the
 
most 	useful? 

11. 	 Would you like to attend a seminar dealing with measuring the transfer
 
of technology?
 

12. 	 Please describe briefly your current duties.
 

NR n 	nonresponse 

Previous Pcae Blank
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Appendix IV-5 GENERAL COMMENTS BY PARTICIPANTS TO THE SEMINARS
 
Held on Nay 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 "inputs/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 "coistraint" 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
 

to c€ents
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Question 11
 

No comments
 

General 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 ifthe project planners have talked to potential adopters or
 
intended beneficiaries. 

4. Were field surveys conducted? How were they conducted?
 

5. More information isneeded 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
 
inmissions 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 *nswers to questions.
 

9. Project design should be a rolling design. Solve problems as we go.
 

10. 	 Baseline data lacking inmany cases. Questions cannot be arswered
 
properly without It. 

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 inAfrica.
 

14. 	 The executive sury Is great for high level presentations but does
 
not contain enough detail for the working level.
 


