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FOREWORD
 

HOTUsE or RERSiw NT'rATIVES, 
CoM-TrrrTE o-, TNT'IN'ATIO.N.L R ELATIONS, 

Washing/on, D.C.,Ferun/ry 7. 1,977. 
'n1975 the House Committee on Ilnteinational Relalions proposed

ai new section 107 of the Foreigan Assistance Act o' 1961 to authorize 
the Agency for Iternational Development (All)) .osupport an ex­
panded aid coordinated private effort to promote the development
and dissemination of technologies appropriate for ('eveloping coun­
tries. The new provision called on AID to prepare and transmit to 
this committee nd the Senate Foreign Relations Colnittee a de­
tailed proposal I,,carry out the section. 

Acvordingly, ATD undertook a study of what could u|sefully be done 
to imil)leneit section 107. This stildy included both extcnsi\'e discus­
sions with inuth .gei(. 1111d : series of worksho)s irticilpated in by a 
wide. range of knowledieahle individiuls fromlpriv te organizations
and usinesses. as vell as Memhers of Congress and congressionol
staff. At tIm same tie. lhe Agency comIllissioneld a nmnier of papers 
on arious asl)ects of the iil,1ect. 

On June 30. 1976. AID transmitted to Congress the proposal which 
restulted from this lengthy st ly. In order to make the study available 
to Meil)e's of Congaress and other interested individuals and orga-
Inizations. the coimnittee published the Agenc'y's proposal auid several
of the papers.Because of the widespread interest and requests for the 
document, the committee is issuing in updated version of the docu­
ment. The only addition in this edition is Attachment H, "Intermedi­
ate Technology: An Informal Survey", written by Peter Askin for 
tho )epartment of State's Senior Seminar in Foreign Policy, which 
was not completed in time to be included in the original transmittal. 

Since tihe first edition of this document, a core Board of Directors 
for a private nonprofit corporation-A. T. International-has been 
named under the chairmanship of Fletcher L. Byrom, chairman of 
the Koppers Co. 

The. committe. strongly believes that appropriate. or intermediate.
technology., through its favorable impact on employnent and self-re­
liance, can be an important means of imlplementing a development 
strategv which emphasizes participation and con'entrates on improv­
ing the lives of the poor majoritv of people in the developing vorld. 
It. is the committee's hope, therefore, that this new proposal will be a 
useful and constructive step in focusing development efforts more 
shuarI)ly on the needs of the poor. 

CLEMENT J. ZABLOCKT. Chairmav. 
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LEGISLATIVE HISTORY 

On December 20, 1975, the International Development and Food As­
sistance Act of 1975 was enacted into law as Public Law 94-161. That 
act introduced a new section 107 into the Foreign Assistance Act of
1961 that authorized the Agency for International Development to
undertake a new effort in the field of intermediate technology. Section 
107 reads: 

Of the funds made available to carry out this chapter for
the fiscal years 1976, 1977, and 1978, a total of $20,000,000 may
be used for activities in the field of intermediate technology,
through grants in support of an expanded and coordinated 
private effort to promote the development and dissemination
of technologies appropriate for developing countries. The 
Agency for International )evelopment slall prepare a de­
tailed proposal to carry out this section and shall keep the 
Senate Foreign Relations Committee and the louse Interna­
tional Relations Committee fully and currently informed 
concerning the development of the proposal. The proposal
shall be transmitted to these committees no later than 
March 31, 1.976, and shall not be implemented until thirty
days after its transmittal or until passage by each committee 
of a resolution in effect approving its implementation. 

House Report 94-442 explained the various provisions of the Inter­
national Development and Food Assistance Act of 1975 as voted by
the House Committee on International Relations. Regarding inter­
mediate technology, that report states: 

This new section of the Foreign Assistance Act of 1961
permits a total of up to $20 million of the funds made avail­
able under sections 103-106 over the 3-year period covering
fiscal years 1976-78 to be used for grants to support an
expanded and centralized private effort in the field of inter­
mediate technology. 

The experience of more than a quarter century of develop­
nient assistance programs overseas has clearly dlemonstrated 
that much of the technology used in the United States and
other industrialized countries is not well suited to the 
economies of developing countries. It is too big, it is too expen­
sive, and it does not create the jobs needed to absorb rapidly
expanding labor forces in countries which already have an 
abundance of labor. It is not appropriate for use on the very 

(1) 
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small farms and in tile very small business enterprises thatmake up so much of the economic activity in the developing
world.
 

If tile poor are to participate in development, as envisionedby the reforms enacted inthe Foreign Assistance Act of 1973and by this bill, they must have access to tools and machinesthat are suited to labor-intensive production methods and fittheir small farms, small businesses, and small incomes. Theymust have access to technology which is neither so primitivethat it offers no escape from low production and low incomenor so highly sophisticated that it is out of reach for poorpeople and ultimately uneconomic for poor countries-in 
short, intermediate tehnhology.

Accordingly, the bill adds this new section 107 to theIForeign Assistance Act of 1961 in order to impel All)study proposals for an institute of intermediate technology
to 

and to develop a plan for expansion and centralization ofprivate efforts in this field. It is not meant to limit the amountof AID funds used for other activities involving intermediatetechnology, which should be expanded as rapidly as possible.
Among the objectives of such an increased effort in inter­

mediate technology are the following:
(1) To promote the develo)ment and disseuinationof technologies appro)riate for developing countries,

particularly inthe areas of agriculture and rural devel­opment, small business enterprise, and en ergy;'
(2) To identify, design, and adapt ftro'mexisting

designs, appropriately scaled, labor-intensive teclnology,
and policies and institutions directly related to their use -(3) To formulate policies and techniques to facilitate
tile organization of new small businesses;

(4) To engage in field testing of intermediate tech­
nology;

(5) To establish and maintain all information center
for thp. collection and dissemination of information onintermediate technology; and

(6) To support expansion and coordination of (level­
opingcountry efforts in this field.These objectives are based on the experience of the severalinstitutes of intermediate technology that are functioning ill

both industrialized and developing countries.
Tile committee expects All) to begin immediately todevelo) its proposals for use of the funds authorized underthis section, in conjunction with the private organizationsnow carrying out activities in intermediate technology an(lthose which would be involved in a new effort, and to keep thecommittee fully informed during the planning process. 
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Senate Report 94-406, the report by the Seitate Foreign Relations 
Committee oil the same bill, outlines a sinilar pirl)ose, and intent con­
cerning intermediat e teclnology. 'lhat report. reads as follows: 

The new mection 107 of tihe Foreign Assistance Act of 19MIi 
permi-ts a total of ul) to $20 million of the funds made availa­
ble under sections 103-106 over the 3-yer period covering
fiscal years 19)76-78 to be used for grants to support. an ex­
pland(d and centralized )rivate effort in the field of inier­
mediate technology. 
The exp)ereiie( of more than a quarter century of (evelol)­

ment, assistance p)rogranis overseas has demonst rated thatt 
MUCh of the teChi'iologv iis(,l ii lie I iited States and other 
industrialized countries is not well suited to the economies of 
developing ,oiiltries. It is too big, too eXpeli(sive andI(oes not. 
CIatP trh(jobs needed to lsorb i l)i(lly exlj)ating labor 
forces ill colint ries which alrevady have an abundanc(, of labor. 
It is not al)prol)riate for use oi the, sial farlms and ini the 
small business enterprises that make u) so much of thle eco­
nomic activity il the developing world. 

TIle new sect io 107 is designed to encouragec All) to place 
greater eniliasis on uOolinat ing ld Pxanihg prh'ate 
eflorts to develop and (issmninate t chnology which is appro­
priate for the dveloping ('ounltries. It does not autboize 
additional aPpropriat:ions. 



PROPOSAL BY THE AGENCY FOR INTERNATIONAL DE-
VELOPMENT FOR A PROGRAM IN APPROPRIATE 
TECHNOLOGY
 

Section 107 of the International Development and Food Assistance
 

Act of 1975 establishes a new grant funded, private program to stimulate
 

the development and dissemination of appropriate technology in developing
 

countries.
 

The legislation states:
 

"Of the funds made available to carry out this chapter for
 

the fiscal years 1976, 1977, and 1978, a total of $20,000,000
 

may be used for activities in the field of intermediate
 

technology, through grants in support of an expanded and
 

coordinated private effort to promote the development and
 

dissemination of technologies appropriate for developing
 

countries. A.I.D. shall prepare a detailed proposal to
 

carry out this section and shall keep the Senate Foreign
 

Relations Committee and the House International Relations
 

Committee fully and currently informed concerning the
 

development of the proposal. The proposal shall be trans­

mitted to the committees no later than March 31, 1976 and
 

shall not be implemented until 30 days after its transmittal
 

or until passage of each committee of a resolution in effect
 

approving its implementation."
 

The deadline for submitting the proposal required by the
 

legislation was extended to June 30, 1976. This paper is submitted
 

to the Senate Committee on Foreign Relations and the House International
 

(4)
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Relations Committee in compliAnce with Section 107. It contains three parts:
 

1) an introduction and background; 2) description of the proposed
 

goals 	and activities of the Section 107 
program; and 3) a statement
 

of the organizational steps A.I.D. proposes to take in carrying out
 

the 	program. This proposal has been prepared by a work group
 

representing all major A.I.D. bureaus and offices.
 

I. 	INTRODUCTION AND BACKGROUND
 

The Private Sector Focus: 
 Section 107 mandates an expanded and
 

coordinated private effort to stimulate the development and dissemin­

ation of appropriate technologies in developing countries. 
The
 

Congressional Committees interpret the term "private effort" widely.
 

Section 107 is intended to complement on-going A.I.D. programs by
 

stimulating a variety of non-A.I.D. entities 
to undertake innovative
 

programs in appropriate technology. This includes U.S. private and
 

voluntary agencies, private business, individual citizens, not for
 

profit organizations, and universities whether privately or state
 

supported. Under the legislation, grants can be made directly to
 

LDC 	private groups or publicly supported groups such as LDC R&D
 

institutions, universities, or others.
 

In reporting out the legislation, the HIRC sugggsted that we
 

consult with U.S. private groups active or interested in appropriate
 

technology. These consultations have been a major part of our
 

preparations for this report.
 

Four day and a half workshops with representatives of U.S. private
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and voluntary agencies, businesses, and academic institutions were held
 

in April this year. A larger meeting of private sector representatives
 

was held in May. More than 100 individuals and representatives from

1
 

private groups attended the meetings.
 

These meetings generated a large number of suggestions on the
 

goals and activities of an appropriate technology program. The program
 

described in this report is drawn largely from these recommendations.
 

The meetings constituted the first step in an on-going dialogue
 

between the private sector and A.I.D.
 

In addition to the meetings, A.I.D. commissioned a survey of
 

eighty U.S. private and voluntary agencies to ascertain their current
 
2
 

and prospecLive involvment in appropriate technology programs. The
 

survey notes numerous instances of successful development and use of
 

appropriate technology by private and voluntary organizations. It
 

contains a number of recommendations for enhancing U.S. private agency
 

capacity in appropriate technology.
 

The overall impression from the meetings and the survey is that
 

the Congressional decision to engage the talents of the U.S. private
 

sector as a complement to A.I.D. programs in appropriate technology
 

was well taken. We have been impressed with the diversity of
 

I The list of attendees is appended as attachment A.
 

2 	"Private and Voluntary Organizations And Approprir.te Technology" -


PASITAH - Bloomington, Indiana, May 1976. (Attachment B)
 

http:Approprir.te


7 
perspectives and ideas which we have encountered and the high degree
 

of interest shown in the program.
 

Definition and Description of Appropriate Technology: The IIIRC
 

defines appropriate technology as "tools and machines that are suited
 

to labor-intensive production and fit LDC small farms, small businesses,
 

and small incomes." Morawetz defines appropriate technology as the set
 

of techniques which make optimum use of available resources 
in a given
 
3
 

environment.
 

In both defintions, appropriateness is determined by the environ­

ment. 
 For most developing countries, this is, of course, an environ­

ment of scarce 
capital and limited numbers of highly trained personnel.
 

Unskilled and semi-skilled labor is abundant. 
The majority of
 

productive enterprises are small. Four-fifths of the farms in
 

developing countries are 12 
acres or less; most of the businesses
 

and industrial firms of the developing world are equally small.
 

Family patterns, social structures, and cultures vary widely.
 

Despite this, much of the technology which has been utilized in
 

LDCs was developed.in Western countries which have quite different
 

endowments of capital and labor, skilled workers, size of markets
 

and enterprises, consumer incomes and tastes,.and credit and
 

distribution infrastructures.
 

Use of this capital intensive technology has been identified as
 

3
 
David Murawetz, "Employment Implications of Industrialization'in

Developing Countries: 
 A Survey", The Economic Journal, September, 1974
 

http:developed.in


8 
a contributor to unemployment in developing countries. Capital-labor
 

ratios for new investment projects in LDCs are frequently $15,000 
or
 

more per worker while the capital available per worker is less than
 

a tenth of this figure. 
 The high capital cost of modern technology
 

has also contributed to the development of dual economies 
- small,
 

relatively well-off enclaves of high productivity and well-paid
 

workers side by side with relative stagnation among the larger
 

community.
 

In this context, a conviction has grown that developing countries
 

need technologies which require little capital per worker (labor
 

intensive), are efficient on a small scale, are easily serviced and
 

maintained, do not require high levels of education or training to
 

operate, and utilize locally available materials: In short,
 

technologies which are appropriate to the environment of developing
 

countries.
 

This prescription has not developed without controversy. 
Some
 

assert that capital-intensive technologies are highly efficient and
 

produce relatively higher returns per unit of investment. They state
 

that in most 
sectors there are, in fact, few practical alternatives
 

to modern technology. 
The so-called spectrum between traditional
 

and modern technologies is really devoid of efficient techniques
 

with alternative capital-labor ratios.
 

Quite a volume of literature has grown up around this controversy.
 

In preparing this proposal, A.I.D. commissioned a survey of this
 



9 
literature which indicates that, while the issues are complex and vary
 
with circumstances, the view that LDCs are currently condemned to high
 
capital-labor ratios because there are no efficient alternatives simply
 

4

is not consistent with the evidence.
 

The range of technologies available and in 
use throughout the
 
world is much wider than has been thought. This is true for the maj­
ority'of industrial products (particularly those with a technical life
 
of more thn 20 
years), agriculture cultivation and harvesting techniques,
 

3xcavation, earth moving, and some road building and construction
 

techniquen, means of transport, and variety of 5a service activities. 
For instance, the work by a group of economists at Stiathclyde
 

University (Scotland) on the sugar and shoe industries in India,
 
Ghana, and Ethiopia demonstrates that over a wide range of technology,
 
both individual profits and employment are higher if factor proportions
 
reflect 
true factor costs. 
 In these countries, production efficiency
 

can be obtained through more intensive use of labor. 
Other studies
 

show the possibility of expanding the effective use of appropriate
 

technology in ancillary process, such as handling, packaging,
 

4Lawrence J. White, Appropriate Factor Proportions for
Manufacturing in
Less Developed rountries:
tachmen, A Survey of the Evidence, April, 1976, 

5
ILO, Emplo' et, Growth and Basic Needs. A One-World Problem, Geneva 
1976, p. 144.
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6 
transporting and storage.
 

This is not to say that capital-intensive technologies are
 

invariably inappropriate in developing countries. In some circum­

stances, efficient, labor-intensive technologies may nrt exist (e.g.
 

petro-chemical industries) or competitiveness in exprrt markets
 

may require precision machine-made products. Developing countries
 

require a mix of technologies. The problem in many developing
 

countries, however, is that the current mixture is felt to be
 

over-rich in a capital-intensive direction to the detriment of
 

both employment and output growth.
 

In terms of the competitiveness of the small-scale sector
 

vis-a-vis large, capital-intensive enterprises in LDCs, White points
 

out that comparisons of the relative efficiency of small and large
 

firms are extremely difficult since product characteristics are
 

usually different. In addition, larger firms often produce more of
 

their own inputs or do some of their own distribution, both of
 

which alters their capital-labor and capital-output ratios.
 

However, there is anecdotal and other evidence supporting the
 

robustness of small scale industry. The ILO states, "small units
 

6 
Studieb tend to show that the scope for use of alternative technologies
 
is narrower if the characteristics of the product are fixed. If
 
consumers demand drip dry, colo: fast, cotton/dacron shirts, the scope
 
for substitution of technology in a labor intensive direction is more
 
restricted than if consumers will accept cotton shirts. To this extent,
 

the problem of appropriate technology is also one of consumer demand,
 
which may in part be a function of income distribution.
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generally compare favorably with large scale units on the efficiency
 

indicators of particular relevance 
- capital-output ratios, capital
 

surplus, yield per acre of land, and propensities to 
save and invest."
 
Pack states that "analysis typically reveals that small 
firms are at
 
least as efficient as the larger ones 
in the sense that if both were
 

to face the same socially relevant factor prices 
..., the average
 

cost of production in smaller firms would be competitive with that
 

of larger firms, indeed often lower." 
8
 

Neither small nor 
large scale industries have intrinsic
 
advantages 
across the board. 
Small scale industry typically employs
 
50% or more of the manufacturing work force in LDCs, is labor intensive,
 

and hence is 
a prime user of appropriate technology.
 

In summary appropriate technology may be defined as 
 9
follows:
 

In terms of available resources, appropriate technologies are
intensive in the use of the abundant factor, labor, economical
 

7
 
ILO, op. cit., p. 147.
 

Howard Pack, "Policies to Encourage the Use of Appropriate Technology"
Paper prepared for A.I.D., April, 1976, Attachment D
 

A more rigorous definition of appropriate technology is appended to
this paper. 
Other terms which have been used to describe the same
concept include optimal, progressive, intermediate, low-cost,
middle level and 
light capital technology. 
The term "intermediate
technology" was coined by E.F. Schumacher, the British economist who
helped formulate the concept in the mid-1960's.
has given way Gradually, intermediate
to appropriate. 
Among LDCs, the word "intermediate" has
come to connote second-best or second-hand. 
The term appropriate has
wider currency and has been adorted by a resolution in 1972 of the
UNESCO,. and later by the ILO and other international agencies.
 

82-906 0 - 77 - 2 
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in the use of scarce factors, capital and highly trained personnel,
and intensive in the use of domestically-produced inputs.
 

In terms of small production units, appropriate technologies
are small scale but efficient, replicable in numerous units, readily

operated, maintained and repaired, low-cost and accessible to low­
income persons.
 

- In terms of the people who use or benefit from them, appropriate
technologies seek to be compatible with local cultural and social
 
environments.
 

Appropriate technology includes software as well as hardware. 
 It
 

includes health delivery systems, educational methods, credit systems
 

and management methods which reduce the need for administrative
 

overhead and highly skilled personnel. The concept of appropriate
 

technology also includes products since shifts in the product mix
 

or in quality standards can improve the utilization of a country's
 

factor endowments.
 

Appropriate technologies, need not 
- indeed can not - maximize
 

all the above criteria simultaneously. For instance, not all
 

appropriate technologies 
are simple in their construction or in the
 

degree of technical and engiueering knowledge required to produce
 

them. 
Solar energy equipment and concepts are highly sophisticated
 

as are electric power and improved batteries which might be used
 

to provide energy in remote areas.
 

Thus stated, the definition of appropriate technology is broad.
 

For operational purposes the Section 107 program needs to concentrate
 

on specific fields and problems within this broad 
area. The program
 

described in Part II below suggests such a concentration.
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Appropriate Technology in Developing Countries: 
A.I.D. commissioned
 

preliminary surveys of existing appropriate technology activity in Asia,
 

Africa, and Latin America. These surveys are appended to this report,
 

as Attachments 11,I, and J.
 

The picture in developing countries, as one would expect, is
 

mixed. There is a substantial group of skeptics who see appropriate
 

technology as "technological imperialism", a way in which Western
 

nations 
are trying to keep poor countries in their place so that they
 

can retain access to the energy and resources needed to maintain high
 

consumption Western life styles. 
At a recent meeting on the employment
 

problem in Latin America sponsored by the ILO, a number of Planning
 

and Finance Ministers asserted that appropriate technology was a means
 

of keeping developing countries dependent on the United States for
 

imports of modern technology. While not rejecting the concept of
 

labor-intensive technology entirely, they stated that Latin America
 

would continue to produce the most modern technologies. 
10
 

Much of the economics and politics in developing countries favors
 

capital-intensive technology. 
Public policy with respect to foreign
 

exchange rates, licenses for imported materials and components, interest
 

rates, wages, allocation of investment funds and others are often biaseO
 

in favor of larger, capital-intensive methods. Regulations tend to favor
 

larde enterprises in metropolitan centers over small businesses and
 

10
 
One indication that the penchant of government officials fo: the most
 
modern equipment may not extend throughout society is this wall poster

from India: PROTEST MEETING -
Against Forcing Computer into South
 
Eastern RailwaX under Armed Police Guard despite Mass Protest of Workers

and Employees. Demonstration - Indian Association Hall - January 13.
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entrepreneurs in small cities. 
 Years of training in Western universities
 

or in LDC universities with Western curriculums has yielded "engineering
 

bias" toward Western technology among educated elites. Many of the
 

policies above have political roots and are difficult to extirpate.
 

Nonetheless, while no governments have adopted appropriate technology
 

as 
a national policy, there are ministries and public agencies in many
 

countries that are sponsoring appropriate technology organizations and
 

appropriate technology work.
 

In Africa, five countries have appropriate trechnology organizations
 

which are intended to become nation-wide focal points - Nigeria, Tanzania,
 

Ethiopia, Ghana, and Kenya. 
 A sixth such center is now being planned
 

in Botswana. In addition, the survey commissioned by A.I.D. identified
 

more than a hundred organizations involved in appropriate technology
 

in 32 African countries. These organizations include community
 

development groups, uniyersity engineering and agricultural faculties,
 

research institutions and technical centers, and small industry
 

extension units.
 

In the ten countries surveyed in East and South Asia, we identified
 

25 public agencies and universities involved in appropriate technology
 

work plus dozens of smaller, mostly private organizations. Pakistan,
 

India, and Bangladesh all have appropriate technology units in one of
 

their central ministries.
 

In Latin America, government support of appropriate technology
 

is just beginning. One of the first publically-sponsored organizations,
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in Honduras, is being planned as 
this report is written as part of an
 

A.I.D. rural develo-ment project. However, the survey of Latin America
 

identified more than 300 organizations, nearly all private, involved
 

in appropriate technology in Latin countries. 
Forty-six of these have
 

a very high and direct involvement in appropriate technology.
 

The work being done by these public and private organizations
 

covers a spectrum of appropriate technology. Research and design work
 

includes farm r.echanization, food storage, preservation and processing,
 

brick-making and other building techniques, alternative energy, textiles,
 

ceramics, foundries, coconut products, glue, salt, electro-plating, to
 
name just a few. In some countries, such as 
Kenya, Sri Lanka, and
 

Philippines, appropriate technology organizations are involved in
 

industrial extension, financing of small business, market development,
 

and information systems.
 

This array of organizations and activities confirms that there
 
is a base for the Section 107 
program to build on in developing and
 

disseminating appropriate technology in LDCs.
 

Other Donor Activity: 
 A.I.D. has not conducted a survey of
 

other donor programs in appropriate technology. The following
 

derives from informal contacts made while preparing this report.
 

The ILO is perhaps the leader among international agencies.
 

The employment studies conducted by the ILO in Colombia, Kenya,
 

Philippines and other nations have had a major influence on the
 

development of the concept of appropriate technology. 
The ILO is
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now doing an evaluation of small scale industry projects which may
 

prove useful to the management of the Section 107 program.
 

The World Bank is paying increasing attention to the appropriateness
 

of the technology included in Bank projects. In Egypt, for example, a
 

loan to modernize cotton ginning incorporated labor-intensive rather
 

than capital-intensive machinery. Water projects in Bombay, India
 

and several cities in Colombia are based on a capital-saving technulogy
 

for water filtration. A recent loan to Yugoslavia is aimed at small-scale
 

agro-industries. Loans for slaughter houses based on labor-intensive
 

techniques have been approved for Honduras and Cameroon. The Bank
 

has done extensive work on labor-capital substitution in road
 

construction.
 

The Peace Corps has considerable experience in village-level
 

appropriate technology and is preparing training materials based
 

on its work. These materials will be made generally available.
 

The principal subjects on which the Peace Corps is now working are
 

small farm grain storage, health education, construction of buildings
 

and roads, forestry and conservation in arid lands, freshwater fisheries,
 

and well construction. Peace Corps volunteers are also developing a
 

program of bio-gas plants in Nepal.
 

In terms of other agencies, IDRC in Canada is funding Technonet/
 

Asia, an experimental small scale industry extension service operating
 

in a half dozen Asian countries. UNIDO is developing plans for a
 

Clearing House on Industrial Information which may complement the
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Section 107 program.
 

Overall, the 
state of the art among other donors and agencies
 

seems roughly parallel to that in developing countries and A.I.D.
 

itself. 
 There is some official interest in the subject and pockets 
of activity in all agencies. There is need for greater communication
 

and coordination among agencies working on appropriate technology
 

and this will be 
one of the aims of the Section 107 program. 

Current A.I.D. Programs in Appropriate Technology: A.I.D. has a
 
diversified portfolio of projects 
directed toward development and use 

of low-cost, labor-intensive technology. 
This includes the small-scale
 

agricultural equipment project beguin at the International Rice Research
 

Institute in the Philippines and currently being extended 
to Thailand
 

and Pakistan. 
It includes the small industry program run by the Georgia
 

Institute of Technology. 
It also includes projects in low-cost housing,
 

low-cost roofing, conversion of saw dust and other agricultural wastes
 

to energy, construction of simple grain storage facilities, solar kilns
 

for drying timber, village level food processing, non-formal education, 

and a major program in low-cost health delivery systems. There are 
about 40 
current projects which directly bear on development and
 

dissemination of appropriate technologies.
 

In addition, there 
are many projects in which appropriate technology
 

plays a role. For instance, A.I.D. is currently helping develop
 

agricultural research capabilities in 
more than two dozen countries.
 

All of these are concerned with turning out technology which meets
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the conditions of small farmers. Much of A.I.D.'s economic research
 

on questions of employment and development strategy bears on the
 

question of choice of technology.
 

The Congress has indicated that it expects A.I.D. to continue
 

activities in appropriate technology in addition to the monies
 

allocated for Section 107 grants. The House Appropriation Committee
 

states that it expects such activities "to account for a steadily
 

increasing share of A.I.D.'s development budget.., beyond the modest
 
11
 

allocation under Section 107."
 

There are two main areas for expansion. One is to expand funding
 

for projects such as those listed above which are directly concerned
 

with assisting LDC's develop and utilize appropriate technologies.
 

Such projects would derive from sector or other analysis of country
 

needs and would be part of the on-going development assistance program
 

for the country. A second area for expansion is to insure that questions
 

of choice of technique are carefully attended to in all A.I.D. projects,
 

whether they are titled appropriate technology projects or not. Peter
 

Tiner's analysis of the choice of rice milling technology in Indonesia
 

indicates that A.I.D. financed engineers recommended capital-intensive
 

technologies even though their own econonic analysis showed that more
 

labor intensive techniques would generate both higher returns and
 

Foreign Assistance and Related Programs Appropriation Bill, 1977,
 
Report of June 3, 1976, p. 14.
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more jobs. 
 The need for rigorous consideration of choice of
 

technique runs throughout A.I.D.'s program.
 

Expansion of A.I.D. projects to develop and disseminate appropriate
 

technology in LDCs implies a need to develop criteria to distingujsb
 

between technical assistance activities which A.I.D. might fund
 

directly and those which might be funded through Section 107 grants.
 

We have hot attempted to spell out these criteria in this paper.
 

This should be done as 
the goals and activities of the Section 107
 

program are clarified, and as the new Section 107 
organization
 

develops demonstrated competence in given areas.
 

12
 
C. Peter Timer et al, Choice of Technology in Developing Countries:

(Some Cautionary Tales), 
Harvard University, 1975, pp. 16-26.
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II. OUTLINE FOR THE SECTION 107 PROGRAM
 

A. INTRODUCTION:
 

The program outlined in this section reflects the priorities
 

and recommendations for action expressed in A.I.D.'s April and
 

Hay meetings. It is an initial configuration. It has been drawn
 

from recommendations of U.S. private groups and tailored by A.I.D.'s
 

internal judgment as to priorities for action. Several steps are
 

needed to sharpen it further.
 

First, consultations with developing countries are required.
 

One of the first steps taken by the management of the Section 107
 

program should be to hold participatory planning meetings with
 

LDC groups active or interested in appropriate technology. These
 

meetings should help clarify priorities and determine opportunities
 

for action.
 

Second, more detailed A.I.D. - private sector planning is
 

needed for each section of the program. The meetings produced a
 

preliminary overall design with five main areas of activity.
 

Further joint planning will be needed in each area and this may
 

rebound to alter the overall design.
 

The outline below describes a comprehensive program with
 

funding of approximately $10 million dollars per year. 
 This
 

program will not spring to life full-blown at some date in the
 

future, but will necessarily start small. Hence, this program
 

can be considered a guide for future development. The ultimate
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shape of the program will be determined by both planning and action-­
pursuing promising activities and winnowing out less successful ones.
 

B. Goals andPolicies for Section 107
 
Goals: 
 The over-all goal for the program expressed at the
 

April-May meetings is 
to assist developing countries strnSfhp,
 
their own capacities to develop, adapt and utilize appropriate
 
technology. 
Development of indigenous capacities for appropriate
 
technology involves policies and institutions as well 
as hardware.
 
It ir ludes management, tax structures, marketing infrastructure,
 
education, financial institutions, and other concerns.
 

This goal is ambitious for a $10 million per year venture.
 
Yet - as was mentioned in all 
our consultations 
- development
 
and dissemination of appropriate technology in and by LDC's is
 
a nascent endeavor. 
There are no clearly lit or conventional
 
paths to accomplishing the job. 
 A great deal of experimentation,
 
learning from experience, and innovations in approaches to the
 
problem as well 
as specific innovations in technology are required.
 
It is here that the primary contribution of the Section 107 program
 
to the larger problem of appropriate technology should be found.
 

The program is intended to serve, not just as a funder of
 

13There was 
a clear consensus that while development of new tech­nologies or transfer of technology from developed 
to less developed
countries or among developing countries may be a part of the program,
this is 
not the goal of the program in the first instance.
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privately run projects, but as a source of experimentation,
 

evaluation and ideas in appropriate technology which can be
 

picked up by LDC governments and aid donors or be spread by
 

private enterprise. This is 
a basic reason for using A.I.D. funds
 

under Section 107 to engage and stimulate the talents of a wide­

range of private U.S. and LDC groups. The Section 107 program
 

is seen as a forum for innovation - a provider of yeast to
 
14
leaven the larger efforts of aid donors and LDC governments.
 

In this context, the operational goal of the program can
 

be stated as:
 

-carry out innovative projects in appropriate technology
 

in LDC's which enhance the on-going capacities of developing
 

countries to develop and utilize appropriate technology;
 

advance the state of practical knowledge about the problems
 

of appropriate technology and develop through trial and
 

14
 
As an illustration, we have an application from a U.S. small industry


development group which is linked with a group ii the Philippines.

They propose a pilot project to provide village or household potable

water systems using a ceramic filter recently developed under a Swiss
 
government research contract 
for their army. The filters are report­
edly extremely effective and inexpensive; they use locally available

materials and could be the basis for a local industry. The pilot
4
project est .mated at $100,000 would be to see if the filters can be
 
fitted intoa system which meets local needs. If successful,

dissemination might be by the Philippine government and/or by private
 
industry.

The significance of this illustration lies in thiefact that it picks
 

up a little known technology, combines a private U.S. group and a

Philippines group with local knowledge, and seeks a quick acting,

flexible source of funding for a pilot c'fort.
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evaluation, surer means 
for assisting developing countries
 

develop, adapt and utilize appropriate technologies.
 

It is important to stress that pursuit of this goal in 
a
 

particular country or project should begin 
- not with coasideration
 

of technology - but with identification of real needs of people in
 

their local environment. 
Countries do not face appropriate technology
 

problems in isolation. They face development problems of which
 

technology is one part. Appropriate technology is part of a
 

multi-disciplinary approach 
to development problems and it is the
 

problems which constitute the analytical 
foundation for appropriate
 

technology programs.
 

For purposes of program management the goal stated above will
 

need to be refined into specific project goals whose accomplishment
 

can be evaluated. 
It also needs to be linked to a higher order of
 

goals which derives from the aid legislation itself and forms the
 

backdrop for all Section 107 activities. As expressed dt our April-


Hay meetings, this is to: 
 (1) help contribute to broad based growth
 

of jobs and output in LDCs through more effective use of resources;
 

(2) assist the poor participate in development by raising their
 

productivity and standards of living; and (3) help foster, through
 

technical and economic growth, national independence and self­

reliance. 
This umbrella of principles animates all Section 107
 

activities.
 



24 

Program Policies: As a matter of policy, the program will
 

focus on the small scale sector in LDC's - small farms and small 

and medium scale enterprises. It will focus on appropriate tech­

nology to provide low cost services and consumption goods for 

the poor. The concentration on the small scale sector is not 

intended to be exclusive. In terms of jobs and ilproving income
 

distribution, the program is also concerned with appropriate
 

technical choice in larger enterprises and government public
 

works as well as with exploi'. *ag subcontracting and other
 

complementarities between the large and small scale sectors.
 

In addition, the focus on the small scale sector should not be
 

calcified as exclusive attention to the smallest farms or
 

enterprises. These may not be productive users of appropriate
 

technology. The point is that, while focusing on the small
 

scale sector is basic to the program, the interpretation of
 

this policy will need to be flexible. Fidelity to the concept
 

cannot be ensured by definitions, but will be the responsibility
 

of program management.
 

The program is expected to be oriented largely though not
 

exclusively toward rural areas. Included are villages, market
 

towns, and those small cities which are centers of rural regions.
 

Although this policy was not endorsed by all participants in A.I.D.'s
 

meetings with private groups, we believe it is operationally sound.
 

The primary focus of the present U.S. assistance legislation and many
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(not all) of the private U.S. agencies concerned with appropriate
 

technology is toward rural development. Again, this emphasis on rural
 

areas is considered a predominant program direction, not an exclusive
 

focus. For instance, there is some feeling that the export oriented,
 

traditional goods sector may be a natural entry point for appropriate
 

technology programs in some countries and while this industry may not
 

be rural, it may be a base from which a more rural orientation can
 

be developed.
 

As a matter of policy, specific attention will be given to
 

the role of women throughout the program.
 

In work overseas, emphasis will given to working with existing,
 

qualified developing country institutions concerned with appropriate
 

technology rather than creating new ones. This policy was strongly
 

recommended by the private groups consulted during our April workshops.
 

As described in Section I, there are many institutions in developing
 

countries already working on or around appropriate technology.
 

As a matter of policy we believe grants under Section 107
 

should be given to private or publicly-supported institutions
 

in developing countries regardless of whether A.I.D. has a
 

Mission and a bilateral program in the country. lowever, by law
 

A.I.D. can not provide direct assistance to more than 40 countries.
 

There is a fairly complex set of considerations which apply in
 

determining what constitutes direct assistance and we recognize that
 

a blanket application of this policy is not possible. It depends
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on legal judgments which will be made on specific proposed grant
 

activities when the program gets underway.
 

As a matter of policy, we believe grants under Section 107
 

should require prior notification but not prior approval of
 

Missions and Embassies in developing countries.
 

Emphasis will be given to maintaining close links with U.S.
 

groups concerned with appropriate technology for the United States.
 

a return flow of information and
to encourage 


experience from LOC efforts into the United States.
 

Efforts will be made 


C. Program Areas 	Under Section 107:
 

As stated above, five areas for activity under the program
 

emerged from the April-May meetings. These are:
 

1. Communication and coordination: Programs to gather and
 

evaluate past and present experience with appropriate technology;
 

to improve comunication among practitioners of appropriate
 

technology; and provide both information about selected specific
 

low-cost technologies, 
and models to be tested and 	adapted.
 

Efforts to
2. 	National policies for appropriate technology: 


adopt economic and other policies which facilitate
encourage LDCs to 


choice of appropriate technology by private entrepreneurs.
 

Grant projects in fields
 

such as assisting LDC small businesses, assisting local R&D units,
 

farm machinery and food processing, health, and energy. This is the
 

main business of the program; 


3. Appropriate technology projects in LDCs: 


the program will be organized around
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six or 
so types of projects or functional 
areas, e.g. agricultural
 

machinery, 
small business enterprise, health, energy.
 

4. Education: 
 Projects to assist LDCs develop innovations in
 

education systems which increase the relevance )f their education
 

investments for appropriate technology.
 

5. U.S. business: Programs to find means to involve U.S. businesses,
 

on a case-by-case basis, in appropriate technology programs in
 

developing countries.
 

Further explanation of thee program areas 
follows.
 

1-Communication and Coordination-


This is 
a key function for a program which seeks to expand
 

knowledge about alternative technologies and the do's and dont's
 

of mounting programs 
to develop and disseminate appropriate tech­

nology. 
The private groups consulted during A.I.D.'s April 
and May
 

meetings recommended strongly that the starting point 
for an
 

expanded program should be 
to develop existing bources of information
 

ibout appropriate technology, to encourage more communication among
 

groups active in appropriate technology, and to 
link them to potential
 

LDC users. 
 Nearly one-third of the action recommendations we received
 

during 
our April and Nay meetings concerned the need for better infor­

mation. The immediate aim will 
be to identify and organize existing
 

sources of information rather than create new data banks or 
facilities.
 

For instance, the PASITAM survey of private agencies 
indicates
 

that many of them have unique experiences with appropriate
 

82-006 0 - 77 - 3 
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technology, but they lack the resources to communicate this
 

experience to others. 

Improving communications among organizations and groups
 

active in appropriate technology is one aim of this part of the
 

program. Another is to improve understanding and acceptability
 

of appropriate technology among a wider audience of LDC and DC
 

opinion leaders and policy makers. One of the barriers to expanding
 

activities in appropriate technology in LDCs is widespread lack of
 

understanding or negative attitudes toward the concept. Stated
 

simply, some selling of appropriate technology is necessary. This
 

requires - not crude proselytizing - but marshalling and presenting
 

better information about appropriate technology in a variety of
 

formats for different audiences.
 

A third aim of this aspect of the program is to develop
 

better coordination and division of labor among groups and
 

institutions active in appropriate technology. We receiyed many
 

recommendations concerning the need for an international federation
 

of appropriate technology organizations. We understand that ITDG
 

in London and the ILO are interested in this concept. A long-range
 

goal in this connection would be to strengthen developing country
 

abilities to collaborate among themselves in appropriate technology
 

endeavors.
 

Some of the activities suggested during our April workshops
 

for carrying out this segment of the program are listed below:
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(I) 	Surveys and 
case studies of existing or completed

projects (successful or unsuccessful) to develop
 
and disseminate appropriate technology.
 

(2) 
Video tapes or other visual media to capture the
 
on-going experience of practicing appropriate
 
technology groups. 
 Using existing groups to teach
 
other appropriate technology groups.
 

(3) 	Travel granL3 - Funds for cross-fertilization of
 
ideas through travel of practitioners, government

officials, or 
individual entrepreneurs.
 

(4) 	Workshops and seminars for government and private
 
persons in both DCs and LDCs.
 

(5) 
Grants to U.S. and developing country organizations
 
involved with appropriate technology to expand their
 
capacities to communicate their experience to others.
 

(6) 
Exchange of proven and prototype equipment.
 

2-National policies for appropriate technology-


Government polices have 
a critical impact on widespread adoption
 

of appropriate technology by private entrepreneurs. These include
 

policies which affect the prices faced by entrepreneurs for 
labor
 

and capital, 
policies on credit and finance, and regulatory policies
 

affecting small businesses. 
The types of policy actions which are
 

open 	to government to encourage adoption of more socially useful,
 

appropriate technology are extremely sensitive politically and include:
 

(1) 	Undertaking programs to in'crease the supply of wage

goods (e.g. food) in order 
to reduce their price.
 

(2) 	Limiting the growth of wages paid by the government.

These often serve as a guidepost for private sector
 
wages.
 

(3) 
Removal of the minimum wage, particularly 'or new
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employees, or reducing it to the levels prevailing
 
in the craft sector.
 

(4) 	Limiting fringe benefits such as social security.
 

(5) Maintaining the official exchange rate at its equilibrium
 
value, i.e., that at which the supply and demand for
 
foreign currency will be equal, without imposition of
 
tariffs, administrative limits on imports and so on.
 
Alternatively, and less desirably, tariffs on imported
 
capital goods could be introduced to raise their cost
 
in domestic currency.
 

(6) 	Removal of intecest rate ceilings,
 

(7) Elimination of tax incentives which reduce the cost
 
of utilizing capital in production.
 

(8) 	Elimination of the licensing of imported raw materials,
 
a practice which has often been shown to discriminate
 
against small, labor intensive enterprises.
 

Two comments can be made on these policies: First, it would
 

be difficult to construct a more politically contentious set of
 

policies, Second, with the exception of individual economists at
 

our meetings, few of the U.S. private groups we talked to see
 

themselves as working on this sort of macro-policy issue.
 

This presents a problem for the program. Although it is possible
 

to fund micro projects to develop and disseminate appropriate technology
 

in LDCs, such efforts are probably unsustainable over time unless the
 

environment for use of appropriate technology is favorable. This
 

requires competition in product markets and reduction of distortions
 

in relative fi.ctor prices.
 

In this context, we believe one of the goals of the program should
 

be to find better means to encourage planners and policy makers to
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design economic and institutional policie whlich facilitate use of 

appropriate technology by private entrepriinvurs. 

Ab an example of techniques uhich might prove useful in this 

regard, Park recon'o'mnI using Section 107 funds to bybt-ematically 

catalog alternative economically efficient techniques for various 
15 

industries. For example, Pack shows the aggregate employment and 

capital effects of four weaving techniques as follows: 

Type of Loom Requirements per Capital/Labor Invest nent Additional Perecntapi e 
100 million squire 
yards per annum 
(1) (2) 

Ratio (2) 

(3) 

(1) Fundb Saved 
Using 
Lancashire 

Indirect 
Employment 

Increarte 
Output 

Manyearb lnveutirint (4) (5) (6) 

Lancashire 2,180 $ 3,582,000 $ 1,645 

Battery 1,110 7,163,500 6,454 $ 3,581,500 2,177 100 

Airjet 820 7,877,700 9,665 4,295,700 2,511 120 

Sulzer 510 15,006.300 29,715 l ,424 ,300 6,944 319 

Columns I and 2 indicate the inputs required to prduce an 

additional 
100 nmillion square yards of material. Coluun 3 indicates 

the capital-labor ratio associated with each type of process. Column 

4 shows the amount of investible funds saved by adopting the Lancashire 

loom, the least capital intensive one, rather than each of the others. 

Column 5 indicates the additional employment which could be generated 

by investing the funds thus saved in an activity whose capital-labor 

15 
Pack, op. cit., (Attachment D)
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ratio was no greater than that of the Lancashire loom. These must
 
be added to the differences shown in Column 1 to derive the total
 
difference in employment. 
 Finally, Column 6 presents the percentage
 

increase in output which could be generated by investing the saved
 

funds in additional weaving capacity.
 

The table shows that using the Lancashire loom and investing the
 
capital saved from not using the Sulzer loom, would produce about
 
71 00 
 more jobs and 319% more output than if the Sulzer loom was used.
 

Pack states that such comparisons in other industries are likely
 
to yield equally large benefits and that these calculations may be
 
helpful in stimulating LDC governments to consider the policy changes
 

needed to realize these benefits.
 

Other activities suggested at our meetings 
to facilitate policy
 

changes in LDCs include:
 

-CGrants 
 through private U.S. entities or direct grants to LDC
 

institutions such as universities, science policy councils,
 
and ministries of planning, industry or agriculture to help
 

develop their capabilities for analyzing and choosing alternative
 

technologies and for considering effect of alternative
 

technologies on national economic and social development.16
 

16

A recent study in India 
financed by the Ford Foundation (Tata Economic
Consultancy Services, "Industry in the Second India", Orient House,
Bombay, 1975.) 
 projects industrial growth through the year 2000
assuming alternative growth strategies. 
Were the product mix and the
technologies employed selected to increase the output to capital ratio,
it should be possible to virtually eliminate underemployment and increase
the GNP by 80% 
in the year 2000 over a projection of the currently
employed strategy of relatively low output to capital industry.
(Information supplied by Joseph Stepanek.)
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--Travel and consultation grants to facilitate interchange
 

of planners and policy makers among developing countries.
 

For instance, visits to countries which have active
 

appropriate technology policies by officials of countries
 

which are considering such policies and programs.
 

"Identification of gaps in knowledge about appropriate
 

technology and alternative policy choices and prep­

aration of research agendas for possible funding by
 

other agencies. (Funds from this program would not be
 

used for research, but could be used to stimulate needed
 

research financed by others.)
 

3-Selected innovative projects to develop and disseminate appropriate
 

technology in developing countries-


This is the key activity under Section 107 in terms of the goal 

of the program -- developing innovations in appropriate technology, 

testing innovative approaches to appropriate technology, and enhancing 

the on-going capacities of developing country governments, institutions, 

and private sector to develop, adapt, and disseminate appropriate 

technology.
 

Although there is virtue in diversity, the program will need
 

to concentrate on certain categories of problems and activities.
 

Areas for concentration suggested so far include:
 



34
 

--Agricultural machinery and rural based food processing industries.
 

-Projects to assist small and medium scale enterprises, part­

icularly in rural areas; iocilitate utilization of appropriate
 

technology for small and medium scale enterprises by channeling
 

appropriate assistance to them in management, credit, marketing,
 

as well as in technology.
 

-Energy for rural areas; cooking fuels.
 

-1Health, sanitation.
 

--Low-cost housing
 

-Projects to strengthen capabilities of LDC institutions for
 

identifying local problems and developing and disseminating
 

appropriate technology in response to those needs. 
 For
 

instance, assistance to LDC research institutes or industrial
 
17
 

extension services.
 

Some of these areas are broad and need further sharpening. Other
 

areas 
suggest themselves: rural works, construction. One of the
 

prime tasks of the program management will be to define the
 

portfolio of projects as a result of consultations with developing
 

countries and A.I.D. missions, and further planning with the private
 

sector.
 

17
 
For a perceptive analysis of the problem of strengthLninz LDC
 
institutional capacities in appropriate technology, 
see the paper

by Bruce Koppel and Gary Hansen: Appropriate Institutions for
 
Appropriate Technology, April, 1976, Attachment E.
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An important point here is that at the project level, the
 

multi-disciplinary aspects of appropriate technology come to the fore.
 

As stated earlier, technology is only an ingredient in the solution
 

of a particular development prnblem. The relative role of technology
 

in a project depends on the nature of the problem and the context of
 

the target group. This merely reiterates the truism that any specific
 

project in an LDC must start with identification of local needs,
 

consider the many ingredients necessary to solve the problem, and
 

place the technology involved in its proper role.
 

4-Education and training-


The goal is to assist developing countries develop educational
 

innovations which increase the relevance of their educational
 

investments for appropriate technology.
 

There was a strong feeling at all the meetirgs that the manner 

in which LDC education systems are planned, curricula designed, and 

educational pedagogies and technology chosen is a critical part of 

fostering more appropriate technological development. There is 

evidence that curriculums in developing countries in fields such as 

engineering are oriented to Western standards, overly academic, or 

discipline oriented. Also, the formal education system reaches only 

a fraction of the populace giving rise to needs for grassroots training
 

methods and programs.
 

While t6ere was consensus on the problem - sufficient to warrant
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its inclusion as one wing of the program - there were relatively few
 

concrete ideas on penetrating the problem presented at the April-May
 

meetings or in the papers we commissioned. Funds would be spent on
 

pilot or innovative efforts which would complement or feed into
 

larger programs. Some action ideas suggested at the meetings were:
 

-Grants to assist LDC institutions develop model appropriate
 

technology design and lab courses in engineering and technology
 

education.
 

-Grants to develop multi-disciplinary programs in "development
 

technology" at developing country universities. Basic
 

technological and engineering skills would be one aspect of
 

such programs, but it would also include micro and macro
 

economics, industrial and rural sociology, regional develop­

ment, and R&D and extension management.
 

-Development of pilot programs for management training and
 

on-the-job technical training.
 

5-Involve U.S. Business in Appropriate Technology Programs in LDCs-


The goal is to involve U.S. businesses in development and
 

dissemination of appropriate technology in developing countries
 

either by facilitating direct investments or through organized
 

transfer of relevant business management experience and technology.
 

There was a consensus among the participants at the meeting
 

that U.S. businesses should play a role in the appropriate technology
 

effort. It was noted that many U.S. small businesses employ technology
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and managerial practices which are relevant to kindred businesses in
 

developing countries. 
 However, there was little agreembnt at our
 

April-Hay meetings on how U.S. companies could be best involved,
 

particularly if the aim is 
a long-term, unsubsidized involvement
 
0
 

which profits the companies.
 

To gain a better picture of possible U.S. business involvement
 

in appropriate technology programs, A.I.D. commissioned an analysis
 

of U.S. investments in developing countries, particularly evidence
 

i
regarding the propensity of U.S. f "nsto make changes in product
 
18


design or manufacturing processes in response to LDC conditions.
 

The survey indicates that most products manufactured in
 

developing countries by U.S. firms are generally mature and well­

established. 
 Examples might be non-leak proof batteries or
 

or inexpensive motor scooters. 
The design and technology for
 

these products has been well-worked out and the market for them
 

in the U.S. and Europe is declining. Firms are generally loath to
 

invest funds and engineering time in changing thes.± product designs
 

for developing country conditions. This tendency is reinforced by
 

the strong preference for "Western" goods which often prevails in LDCs.
 

Locally manufactured goods with Western brand names can often
 

18
 
"The Inducement Of U.S. Firms To Adapt Products And Processes To Meet
 
Conditions In Less Developed Countries", Robert B. Stobaugh, Harvard
 
Business School, with Management Analysis Center, Inc., Cambridge,
 
June, 1976.
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command premium prices which further reduces the incentive for
 

product adaptation.
 

The survey concludes that development or adaptation of
 

simplified, but modern, products for low income markets by large
 

multinational enterprises has not occurred often in the past
 

and does not seem likely to expand significantly in the future.
 

These firms are more interested in developing new products for
 

high-income markets. The report noteg, however, that development
 

of such products might prove fruitful for small engineering firms.
 

The evidence on the willingness of U.S. firms to utilize
 

labor-intensive manufacturing processes in LDCs is mixed. White
 

reports that a number of surveys of multi-national corporations
 

by Reuber (1973), Hughes and Seng (1969), Baranson (1971),
 

Yeoman (1968), and Gregory and Reynolds (1965) have concluded that
 

only a modest amount of technological adaptation has taken place,
 

and that has been mostly in response to lower volumes, not local
 
19
 

factor costs.
 

But there is an interesting paragraph in Boon (1975, p. 270)
 

that is worth recounting at some length. Iledescribes an interview
 

at an engine plant owned by a multi-national corporation in Mexico.
 

At the beginning of the interview, the management assures Boon that
 

the Mexican plant uses exactly the same technology as that used in
 

19
 
Lawrence White, op. cit., pp. 31-33, (Attachment C).
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But as Boon tours the
the parent plant in the developed country. 


factory, it becomes clear that the factor proportions are 
different.
 

The main machinery process are automated, but second-hand 
equipment
 

And all of the auxiliary processes, like packaging, handling,
is used. 


transporting and storing, are done much more labor 
intensively.
 

White feels that any researcher who looks around 

a multi­

find substantial
national corporation in an LDC is likely to 


adaptations of capital-labor ratios, particularly 
in auxiliary
 

case for Boon (1975), Pack (1972, 1976),
 

chs 5 and 6), Mason (1970),
 

processes. This is the 


Barenson (1967, pp 59-62); Strassmann (1968, 


and Armas (1973). Ranis
 
ILO (1972b, pp. 446-450), Wells (1973), 


(1971, 1973, 1974, 1975), Relleiner (1973a; 1973b), and
 

find multi-national corporations adapting to
 

export products.
 

Baerresen (1971) 


labor-intensive processes for 


Both locally controlled firms and multi-national 
corporations
 

can and do adapt their factor proportions. Is either group more
 

likely to adopt more labor-intensive methods? On this question,
 

the multi.-

Strassmann, Pack, and the ILO mission to Kenya all fi,.d 


national corporations to be more 
labor-intensive; 
they explain
 

the grounds that adopting labor-intensive'technology
this on 


requires good management and multi-national 
corporations have
 

for a group of
 
this in abundance. Mason (1970;1973) finds that 


matched pairs of firms, U.S. controlled firms tend to be somewhat
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more capital-intensive than locally owned Philippino or Colombian
 

firms; he explains this on the grounds that the U.S. firms pay higher
 

wages and have access to cheaper capital. Radhu (1973a) also finds
 

foreign firms to be more capital intensive than locally owned
 

Pakistani firms. But Cohen (1973; 1975) 
finds no significant
 

differences between 
foreign and Korean firms producing for export
 

markets. The evidence is clearly mixed.
 

White concludes that although the multi-national corporations
 

may not be the heroes of appropriate technology, they appear 
to be
 

far from the villains that many make them out to be. 
They have the
 

management expertise, and they are 
frequently willing to use it
 

to adapt to labor intensive processes.
 

These surveys are general. But they clearly indicate that U.S.
 

firms investing in LDCs are not a monolith. 
 As our meetings with
 

the private sector clearly confirmed, there are companies and people
 

within companies who are clearly concerned with the problems in
 

developing countries and 
are seized with the idea of appropriate
 

technology. 
Ford and General Motors are both producing and marketing
 

low-cost vehicles in developing countries.
 

What this indicates is that opportunities for involving U.S. 
firms
 

in appropriate technology doubtless exist on a case by case 
basis, and
 

the strategy for the Section 107 
program -- initially at least - is
 

to search out such opportunities and seek to capitalize on them. 
There
 

was a clear consensus at all 
our meetings that more investigation of
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such opportunities should be undertaken and modest experimental programs
 

launched.
 

Some initial ideas for activities which emerged at the meetings
 

include:
 

(1) Establish a system (possibly through banks) to seek out
 

.medium-sized U.S. companies for matching identified needs
 

in developing countries.
 

(2) Conduct surveys and in-depth analysis to determine what
 

it takes to get U.S. small business to participate in the
 

process of technology transfer.
 

(3) Fund a two-way exchange program for managers of U.S. and
 

LDC small business to facilitate transfer and know-how and
 

technology.
 

(4) Assist emerging small scale industry projects to develop by
 

encouraging the direct involvement of similar U.S. small
 

businesses.
 

(5) organize a number of firms in a specific U.S. small scale
 

industry to help them transfer technology and management
 

practices to similar firms abroad. For instance,,the
 

Denver Research Institute is considering organizing about
 

30 small metal 
working firms in Coloradu as a resource
 

for technical and managerial advice for similar working
 

firms in Mexico.
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(6) Training or orientation programs in the choice and evaluation
 

of appropriate technologies for U.S. equipment suppliers,
 

U.S. manufacturing companies, and U.S. consulting firms.
 

Such courses could be given on an industry basis and include
 

entrepreneurs from LDCs.
 

In addition, monetary incentives might be used to encourage
 

U.S. firms to consider alternative technology, although we believe
 

the Section i07 program should be very cautious about using grant
 

funds as incentives. Some suggested ideas are:
 

a) 	Ask U.S. investors about to invest in a less-developed
 

country to develop a new design of plants that would employ
 

more labor and use less capital than their customary plant
 

designs. If the investor, after having developed a new
 

design decided not to use it, Section 107 grants would pay for
 

the extra expenses incurred in making the design (a limit on
 

the expenses provided would be set in each case) and would
 

obtain the rights to the design so that it could be made
 

available to other firms. If on the other hand, the new
 

design were to be adopted by the firm that developed it,
 

no reimbursement would be due.
 

b) 	Give grants to U.S. equipment manufacturers to encourage
 

the development of appropriate technologies for less­

developed countries. The reward system might be similar
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to that discussed above under (a); i.e. the firm is paid
 

for the design if it does not use it, but not paid if it
 

does.
 

CODA - Window on the West 

All the activities and goals described for the program above are 

directed toward developing countries. Yet part of the audience for
 

the Section 107 program lies in the United States. 
 This is true in
 

several senses.
 

First, as already stated, the program is to serve 
as a source
 

of expertise, knowledge, and influence on A.I.D. and other donors.
 

Second, there are actions ­ large and small - which can be
 

taken in the United States to facilitate the development and
 

dissemination of appropriate technology in developing countries.
 

For instance, U.S. universities can be encouraged to introduce
 

appropriate technology into engineering courseE for foreign students.
 

There are both national and international policies (for example,
 

international patent policies) which 
can hamper LDC efforts to
 

develop their own appropriate technologies. A program of the size
 

of Section 107 cannot do rich to deflect these forces. But it can
 

maintain a watch on them and ­ at the least - not proceed on the
 

narrow assumption that the problem of appropriate technology for
 

LVCs lies solely overseas.
 

Third, there is a signficant movement in this country toward
 

lower cost, small scale, decentralized technology. The National
 

82-s6 0 - 77 4 
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Center for Appropriate Technology is being established in Montana
 

under federal funding. There are numerous private groups at work.
 

The appropriate technology program needs to build links to these
 

groups both to help overcome the notion that appropriate technology
 

is suited only for underdeveloped countries and to encourage two-way
 

flows of information between domestic and overseas groups.
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III. Organization
 

A. INTRODUCTION: When the 
louse International Relations Committee
 

wrote Section 107, they felt that a staJl,independent, non-profit
 

entity should be established outside A.I.D. to make grants and
 

coordinate Section 107 activities. According to the staff of
 

the Committee the reasons were:
 

-a feeling that a small 
unit would he more flexible, could
 

act quickly, and better fulfill 
the innovative spirit of
 

Section 107 
than an A.I.D. office.
 

--a feeling that an independent private entity with 
a
 

governing board from the private conmunity would more
 

readily garner private sector 
support and stimulate
 

private efforts.
 

The ItlRCrealized that an outside organization might drift
 

away from A.I.D. 
They felt this could be overcome by appropriate
 

linking mechanisms.
 

The committee originally planned to require an independent
 

institute as part of the new legislation. At our request, they
 

deleted this provision and requested that A.I.D. "study proposals
 

for an institute of intermediate technology." This has been a
 

major part of the A.I.D. work group's task;
 

A.I.D. 
identified three organizational options for the program.
 

These are: (1) a new, independent, privat!, non-profit organization
 

to make grants and contracts to carry out Section 107 
activities; (2)
 

a new, independent government corporation outside A.I.D. (on the model
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of the Overseas Private Investment Corporation or the Inter-American
 
Foundation); 
or 
(3) an Office of Appropriate Technology inside A.ID.
 
responsible for the 
full range of Section 107 activities.
 

After careful consideration, A.I.D. has decided on an independent,
 
private, non-profit organization to carry out Section 107 
activities.
 
We have chosen this option because we believe that it 
can best fulfill
 
the innovative, private aspects of the program.
 

An independent, non-profit organization will be an organization
 
of and by the private sector. 
It will have a board consisting of
 
representatives of business, private and voluntary agencies,
 
universities, and others. 
 The orientation of both the board and
 
staff will be toward the private sector. 
As such, we believe the
 
program will readily garner private sector support.
 

In addition, experience with similar organizations has shown that
 
they generally have a great deal of flexibility and can make grants
 
rapidly in response to perceived opportunities. 
 There is less procedural
 
red tape and more 
rapid decision-making. 
Such organizations have a
 
great deal of flexibility in hiring and managing staff 
- a condition
 
which does not pertain in A.I.D.
 

We believe these attributes have an important bearing on the
 
innovativeness of the program. 
Certainly no organizational 
format
 
can ensure innovativeness, but the flexibility, links with the private
 
sector, and ability to act rapidly which are characteristic of a small,
 
independent organization are 
to some extent preconditions for innovation
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and thus we have endorsed this alternative. 

At the same time, A.I.D. is concerned that the Section 107 

program serve as an energizer and resource for A.I.D.'s development 

program. 

As stated in Section I, A.I.D. already has a diversified portfolio 

of activities in appropriate technology. Congress expects - and 

A.I.D. intends - that we increase our concern with appropriate
 

technology both in terms of specific appropriate technology projects
 

and as an integral part of our development activities.
 

Hence, it is vitally important that ideas generated in Section 107
 

experimental programs reach the programmers of other A.I.D. funds.
 

It is important that AI.D. be a strong customer fur real, useful,
 

innovative, replicable, and adaptable appropriate technology emanating
 

from the Section 107 program.
 

A.I.D. is concerned that appropriate linkage mechanisms be
 

established and a strong degree of complementarity be maintained
 

between activities carried out under Section 107 and the overall
 

A.I.D. program. We expect that there will be close consultation
 

between A.I.D. and the management of the new Section 107 entity in
 

developing policy, program goals, and strategy. This collaboration
 

would be a continuation of the A.I.D. - private sector dialogue
 

begun during our April and Hay meetings.
 

Complementarity between A.I.D. and the new Section 107 program
 

does not mean a one to one correspondence of policy and program. If
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the new organization is to fulfill its innovative mandate, it needs
 

freedom to move into areas and activities in which A.I.D. is not
 

currently active. 
 In this sense, ensuring complementarity becomes
 

something of a balancing act: maintaining broad congruity with A.I.D.'s
 

priorities while preserving enough freedom to embark on new initiatives.
 

Keeping these in balance will require close communication and collab­

oration between A.I.D. and the management of the new entity.
 

In terms of specific activities, there are a number of on-going
 

and prospective A.I.D. projects which might be referred to the new
 

107 entity for possible funding as grant projects. We believe over
 

time a division of labor will evolve under which certain types of actions
 

will be funded by Section 107 and others through normal A.I.D. channels.
 

However, such a division of labor should evolve only as the new
 

organization demonstrates its competence in given areas. The criteria
 

for deciding which types of projects might be referred to the new
 

organization and which types should be funded by A.I.D. directly should
 

evolve as the Section 107 program develops and be based on development of
 

demonstrated competence by the new entity.
 

The basic point is that AI.D. expects to continue to be a
 

creative actor in appropriate technology; the existence of the Section
 

107 program does not absolve the agency from this responsibility.
 

A.I.D. bureaus and offices will continue to develop appropriate tech­

nology projects and activities. As the new organization develops, it
 

is expected to become a growing resource for A.I.D. efforts, but it
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is not intended to substitute for A.I.D. efforts nor will it be the
 

only resource available.
 

B. Organizational Framework: The decision to establish a new,
 

independent, private entity for Section 107 is one aspect of the
 

proposed organizational framework for appropriate technology.
 

Beyond this, there need to be appropriate mechanisms for linking
 

the Section 107 and A.I.D. program. Hence, the organizational
 

format we propose has several parts.
 

The first is the new, non-profit Appropriate Technology Fund.
 

This organization will receive an annual grant from A.I.D. for Section
 

107 programs and will, in turn, make sub-grants to contract with private
 

or publically supported groups in developed and less developed countries.
 

The second is establishment of a small office within A.I.D. to
 

act as liason with the new Fund, and service appropriate technology
 

activities carried out by A.I.D.'s bureaus and missions. This office will
 

have the prime responsibility for ensuring complementarity between A.I.D.
 

and the Section 107 program. It will oversee the annual grant to the
 

to the new entity. It will provide information and help locate
 

technical help for bureaus and Missions which are working on appropriate
 

technology problems.
 

Linking these two organizational elements will be a series of 

policies and procedures wl-ich will govern - in effect - the quality 

and effectiveness of the relationship between them. These include 

among other things: provisions for A.I.D. participation at the board 

level of the new organization; provisions for A.I.D. participation in 
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technical panels or conferences called.by the Fund; and provisions in
 

the grant agreement designed to insure consultations on policy and
 

program, avidflexibility in day to day operations.
 

We outline each of th'ese three elements below. Much detailed
 

planning remains to be done. This will be carried out following
 

approval of this report by the Congress.
 

C. The Appropriate Technology Fund: The Fund will be an independent,
 

non-profit corporation located in the Washington arsa.
 

The Fund will not be an operational entity in the sense that
 

it will run appropriate technology programs overseas. It will be
 

a facilitator of actions in apppropriate technology taken by others.
 

It will make grants to or contracts with private groups; serve as a
 

resource for A.I.D. programs; serve as a communications channel; and
 

help organize and coordinate the activities of various U.S. and LDC
 

groups active in appropriate technology.
 

More 	specifically, the functions of the Fund will be to:
 

1. 	Develop overall policy and programs for Section 107.
 

2. 	Encourage innovations in appropriate technology and projects
 

to develop and disseminate appropriate technology in LDCs;
 

receive, review, and approve projects and grants.
 

3. 	Evaluate appropriate technology projects and programs;
 

seek widespread utilization of appropriate technology
 

innovations, or adoption of appropriate technology programs,
 

http:called.by
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by LDC governments, private enterprises, or A.I.D. donors.
 

4. 	Promote awareness of approrriate technology; serve as a
 

communication point; help transfer selected information
 

about appropriate technology.
 

5. 	Encourage networks of organizations interested in appropriate
 

technology in the United States and LDCs; help coordinate
 

activities of organizations interested in appropriate technology.
 

6. 	Serve as a source of, and link to, appropriate technology
 

resources for A.I.D. projects and programs.
 

7. 	Receive and disburse funds from A.I.D. and other organizations;
 

hire staff and consultants.
 

The Appropriate Technology Fund will be empowered to receive
 

funds from sources other than A.I.D. for programs in appropriate
 

technology. This could include contributions from U.S. foundations
 

or corporation-. It could include support or contracts for specific
 

projects. While A.I.D. welcomes such contributions, we are assuming
 

that A.I.D. will provide most if not all of the funding for the Fund.
 

A.I.D.'s decision to establish the Fund is not based on the expectation
 

that it will become self-supporting or receive major outside contributions
 

in the foreseeable future.
 

The Section 107 authorization extends to 1978, but the proposal for
 

a new, independent fund assumes implicitly that the Congress will
 

continue the authorization beyond this date assuming adequate performance.
 

We believe - if the Congressional Committees accept this proposal ­
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that 	they should provide explicit assurance that they understand the
 

funding basis for the 
new Fund and that they will not condition future
 

funding on criteria other than performance.
 

We believe the Board of Directors for the Fund should include
 

representatives from business, private and voluntary agencies, academic
 

institutions and alternative technology groups in the United States.
 

We believe at least 
two A.I.D. officers should participate regularly in
 

Board meetings as non-voting observers and 
as advisers on A.I.D. policies.
 

In terms of organization and staffing, we have drawn up organ­

ization charts, staffing patterns, and cost figures for two illust­

rative versions of the Appropriate Technology Fund. These are
 

attached to this report. 
 They are intended to indicate the approximate
 

maximum magnitude of the outside office and serve 
as a guide for planning.
 

In drawing up these organizational proposals, we consulted with
 

two organizations which are analogs 
for the proposed Appropriate
 

Technology Fund: the Inter-American Foundation, and th Pathfinder
 

Fund 	in Boston.
 

The Pathfinder Fund is an independent, non-profit fund which
 

receives $4-5 million per year from the A.I.D. Population Office.
 

It, in turn, makes small sub-grants to LDC and (some) U.S.
 

organizations for family planning projects. 
 It has a staff of
 

27 persons at its Boston headqua-ters ,nd 35 employees (all foreign
 

nationals) in b field offices overseas. 
Its administrative and
 

staff costs amount to about $1.0 million out of a $4.5 million
 

budget. ($600,000 for the Boston staff; and $400,000 for the
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regional offices.) It receives 90% of its budget from A.I.D.
 

Pathfinder makes about 180 small grants a year ranging between
 

$2,000 and $20,000.
 

The Inter-American Foundation is larger. It is an independent 

government corporation which makes grants to LDC private groups for 

social and community development projects. Its budget is about $20 

million a year; its grants average about $120,000 each - the smallest 

being $400 and the largest $1.8 million. It has a staff of 64, all 

in Rosslyn, Virginia. Total costs for salaries and administration
 

are about $1.8 million per year.
 

We estimate that the proposed Appropriate Technology Fund
 

established for Section 107 would be somewhat larger than Pathfinder's
 

27 man Boston headquarters and smaller than IAF. We follow the IAF
 

pattern of having no overseas offices. We have estimated average
 

grants of $100,000, and a maximum annual budget if $10.0 million per
 

year.
 

Appropriate Technology Fund - Alternative A: The first version of
 

the Fund would be at maximum a 30 man office consisting of 12 program
 

professionals, 8 administrative staff, and 10 clerical/secretarial
 

staff. The professionals include a director and deputy, eight specialists
 

in fields such as small business enterprise, and agriculture machinery
 

and food processing, and a two man communications/information/evaluation
 

staff. Total annual staff and overhead costs are $1,004,820.
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Appropriate Technology Fund 
- Alternative B: 
 This is based on
 

consultations with the Pathfinder Fund. 
 The estimated maximum total
 

staff under this alternative is 34 
and administrative and overhead
 

costs would be $I,021,738.
 

The principle difference between this and Alternative A is
 

that it: (1) reduces the administrative staff; 
and (2) strengthens
 

the professional staff. 
On the professional side, there are two
 

specialists in each functional 
area and, except for an editorial
 

associate, there is 
no separate communications staff, 
 Communications
 

and information would be part of the job of the functional specialists
 

and thus better integrated into the ongoing program. 
The smaller
 

administrative staff 
is based on Pathfinder's experience. 
It assumes
 

that auditing and 
legal services would be purchased from commerical
 

firms.
 

The organization charts for these alternatives are 
attached.
 

We emphasize that these charts are illustrative and intended to
 

indicate the approximate eventual size of a mature organization.
 

The organization will 
start small and evolve as its program grows.
 

D. Appropriate Technology Liason Office: 
 This will be a small office
 

located in the Technical Assistance Bureau.in A.I.D. 
 We currently
 

estimate a staff of two professionals for the office. 
 However, we are
 

planning to conduct 
a more 
detailed review of the functions and staff
 

requirements for 
this office. This will 
include the expected workload
 

for the office, current and prospective Agency involvement in appropriate
 

http:Bureau.in
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technology programs, analysis of the number of staff in A.I.D.
 

regional and central bureaus who either now carry or potencially
 

could carry responsibilities in appropriate technology and the
 

desireability of utilizing or augmenting this staff rather than
 

further bu!.lding up a central office.
 

The functions of the liason office would be to:
 

- Manage the annual grant to the Appropriate
 
Technology Fund.
 

-	 Maintain liason with Fund including 
attending board meetings. 

- Consult on A.I.D. projects involving 
appropriate technology. 

- Provide information about appropriate 
technology for A.I.D. bureaus and missions. 

-	 Locate technical and other expertise to 
assist Missions. (From both the Appropriate
 
Technology Fund and other sources.)
 

--	 Represent A.I.D. in international meetings 
on appropriate technology. 

The office is intended to se*ve as 
a source of information and
 

technical resources 
to meet Mission needs. Missions, of course, do
 

not normally face appropriate technology problems in isolation. 
They
 

face development problems of which appropriate technology may be an
 

ingredient. 
Hence, the office must relate in a multi disciplinary
 

fashion to other staff offices 
in A.I.D. which are concerned with
 

serving Missions.
 

The basic role for the internal office is to respond to Mission
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and bureau needs for assistance in appropriate technology. 
It should
 
function as 
a link in 
a bottom-up chain which starts with appropriate
 
technology related problema emanating from Missions. 
 It is only by
 
reflecting the real 
concerns of Missions and bureaus that it can best
 
represent the concerns of the Agency in dealing with the outside office.20
 

For these reasons, we believe the internal office should be
 
quite small. 
 It should develop and maintain strong links with
 
staff in the missions and the regional and central bureaus who are
 
concerned with appropriate technology. 
We believe the current A.I.D.
 
Appropriate Technology Work Group might be continued as a means for
 
funneling the concerns of regional and other bureaus into the internal
 
office and hence on to the 
new Appropriate Technology Fund.
 

E. Policy and Procedures: 
 The policy and procedures adopted by
 
the Board of Appropriate Technology Fund and by A.I.D. in its grant 
agreement with the Fund will be critical in maintaining the proper
 
balance between operational independence and flexibility for the
 
new organization and close communication and complementarity with
 
A.I.D. 
Tension between these two operational principles is inherent
 

in the Section 107 
legislation.
 

20We do not mean 
that the internal office will not be an active promoter
of appropriate technology concepts within the Agency.
that the office We do believe
can best be an active promater of appropriate technology
by relating to real problems of Missions not by selling activities
conceived in Washington.
 

http:office.20
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On the substantive level, Section 107 creates a tension between
 

the innovative, private aspects of the program -- with its concommitant 

need for independence from A.I.D, - and the requirement that the program 

serve as a resource for A.I.D., with its concommitant need to stay close
 

to A.I.D.
 

On the administrative level, there is a tension between the
 

need for procedural flexibility, rapid action, and minimal red
 

tape, and A.I.D.'s ongoing need to ensure accountability and proper
 

expenditure of funds.
 

These tensions will persist. Haintaining the proper balance
 

between them will require close communication and careful consideration
 

of policy and procedures governing mutual relations between A.I.D.
 

and the new entity.
 

These procedures fall in three areas:
 

(1) Procedures in over-all program and policy: lere we believe
 

the operating principle should be to encourage the closest possible
 

coordination and consultation between A.I.D. and the Appropriate
 

Technology Fund. We believe the new organization should develop
 

open, participatory processes for policy and program development which
 

engage A.I.D. staff as well as U.S. and LDC private sector groups.
 

The workshops held in April this year constitued a first step in this
 

direction and we believe similar methods should be used 
in the future.
 

We recommend that two A.I.D. persons participate ex officio
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on the board of the Fund, and 
that A.I.D. join in technical panels,
 

advisory boards or planning conferences sponsored by the Fund. 
 The
 

basic principle to be followed between A.I.D. and the 
new Fund is
 

close coordination in development of over-all 
policy and programs
 

and maximum freedom in day to day operations.
 

(2) Procedures Governing Specific Sub-Grant and Contract Activities:
 

Here the operating principle should be to provide flexibility for the
 

outside entity to approve specific sub-grants and contracts without prior
 

approval from A.I.D. This will 
require development of criteria and
 

guidelines for the Fund's financial/accounting system, procurement
 

system and programming and grant approval process. Once these guide­

lines have been mutually agreed upon, the Fund should have latitude
 

to approve individual projects without prior A.I.D. approval.
 

(3) Operational Procedures: 
Again we believe that the operating
 

principle should be to provide maximum flexibility to the new agency
 

and to its grantees. 
As stated in Section I, we recommend that
 

the Fund have authority to approve grants for activities in non-A.I.D.
 

countries subject to the 
existing statutory limitations on direct A.I.D.
 

assistance. We recommend that grants and travel by the Fund staff
 

require prior notification but not prior approval of Missions and
 

Embassies.
 

We also recommend that a mutually agreed upon ceiling on
 

operating expenses be established in the grant agreement 
so as to
 

maintain an appropriate balance between operating and program expenses.
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In addition, the A.I.D. grant handbook contains 15 pages of
 

optional provisions which stem from A.I.D. policy and may be waived
 

by A.I.D. These include provisions such as Buy America, Fly America,
 

and Ship America. Some of these policies are generally sound. 

Others, such as the Buy America provision, need reconsideration. 

The grant agreement will be the instrument for considering these 

policies and we will seek to follow a policy of minimum restrictions. 

Next Stsps: Assuming approval of this report by the House International
 

Relations Comnittee and the Senate Committee on Foreign Relations.
 

A.I.D. will move immediately to implement the actions recommended
 

in this paper, The next steps to be takan include:
 

-Creation of the internal A.I.D. appropriate technology office
 

including designation of its staff members.
 

-Planning for the Appropriate Technology Fund including
 

identification of incorporators and inviting the incorporators
 

take the necessary steps to draw up articles of incorporation
 

for the Fund.
 

-Planning for consultations with LDC governments and private
 

groups about.programs and priorities in Section '107.
 

-Joint A.I.D. - private sector planning regarding the 

organization, staffing, and initial budgets for FY 1977 and 

FY 1978 for the Fund; development of a draft grant agreement 

and policies.
 

82-906 0 - 77 - 5 
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Review of current A,I.D. efforts in appropriate technology
 

and consideration of means to better integrate appropriate
 

technalogy into A.I.D.'s 
program. 
This review will include
 

reconsideration of staffing and 
location of the internal
 

appropriate technology office as well as other bureau
 

staff.
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Estimated Annual Costs for a
 

proposed Organization Within A.I.D. for Apprupriate Technology

(Alternative A)
 

I. Salaries and Retnefits 


Salaries Benefits
A. Central AT Entity* 


1. Director (rS-17) 37.300 3,553
 

3,553
2. Deputy Director (CS-16) 37,800 


3. 	Administrative Assistant 16,306 1,533
 

(CS-10)
 

4. Program Economist (CS-IS) 34,441 3,237
 

29,546 2,777
S. Comaunications/Inforrntion 

Officer (GS-14)
 

6. 	 Grants Officer, Agriculture 34,441 3.237 
(CS-IS) 

7. 	Grants Officer, Agriculture 34,441 3,237
 

(CS-IS)
 

8. Grants Officer, Ilealth (GS-IS) 34,441 3,237
 

9. •Grants Officer, Education 34,441 3,337
 

(CS-IS) 

10. 	 Crants Officer. Snail 34,441 3.237
 

Business (CS-IS)
 

II. "rrants Officer, Institutional 34,441 3,237
 

Dev6iopmcnt (GS-IS)
 

12. 	 Grants Officer, Lnergy/Other •34,441 3,237 

(CS-IS) 

.29,546 2,777
13. 	 Evaluat1ot Officer (CS-14) 


14. 	 Secretary/Stenographer (CS-7) 12;160 1,142.
 

IS. Secretary/Stcnographer {GS-7) -12,150 1.142
 

lo.-. Secrotary/Stcnograplier (CS-7) 12.150 
 1,142
 

17. Secretuty/Stenographer (GS-7) 12,150 1,142
 

B. Staff Aucntation-. in other AID entities. Sur-oitive of Ihe 

AT Prorram 

2,369
2. Crant Adnnin ,rtioi% 2S,193 

Ofri'rr (C.. I.,) 

2. 	 GrAn t. A& ,, t tr .It ion 2S,198 2,369 

Offl(er (S. 13) 

3. Secretary/5tenorraphcr (CS-7) 12,15n 3,142 

4. Prograj Analyst (CiS13) 2S.1n 2.309 

S. 	Other (2) 4 1tn
 

Total Grs.'
 

11. 	Overheat FActor (cilclilatel a, of --. 1aricse nd
 
henefitt to co,-r travel. con ult.,nt'. overtine.
 
space, 	 telephone. .dnini-trjtIvC protrercrnt, etc.) 

lotal 

Pure-,, for Technic.l 
would lit 21 potuOnu.

*There 	 are nou two pn,, tjon% estahlIshcil ii,the 

Assistance; tiiu., the net 	 adlitlonal 

$662.76S
 

16.. . . 
SS:n. ISt, 



JTVIW A: 0 OMMIZATtll VTU A.I.. FO NUtZTX 

Peolc AW-~y Direct"C€mlett. of kSgty Director
ApV"OFlate d stra1tivt Asststat ($tRenops.3) 

P* Inomeist (1) 
r*u~t Officer *gyctatv (2) 

GrmU Officer. Sul] l hum n (1)
Gremats asimlbteve hmigarawm (2)Offtwe. 
Grmats 0fftcow. "alWSMItatlea Ui 
Grnts Office. [ocattei (1)
Greats Officer. mr*W/Ot.er (1)
€i1Ctcuatu/amagtom Offlm (1)I*valE,at1. Off ew (1)

Socriers. (4) 
14 

* assamsutl Is ed t sub-cnitten my be tas IISW fer sPlfic fWtl*mA e s. e.g,11eith. Sil1 btms.".t. 
kW .me Of the PeP sMeialists C 4lect aS Cbief Of the mlt esl IM 0/610 Is a Lree-gorw iaivIlel with memitive comity. 

am: The totel staff of l ps a £10 Office is 17. Grants l d be presse b7 SR/Cotrect looepeg . K3C asttes 3 aditionlPesitions vold be rewired. ihe pregwym will also ose services of 4C. hoit. PPC. Pwbic Affairs. oft. Estimated eddieal workyeer
an . 

http:mr*W/Ot.er


ALTERNATIVE A: PROPOSED ORGANIZATION WITHIN A.I.D. FOR APPROPRIATE TECHNOLOGY 

Public Advisory Committee 
on Approoriati Technology 

" Participates in the 
formulation of policy for 
the AT program. 

" Advises, through sub-panels, 
on the substance and content 
of project proposals 

Office of the Director 

Reviews/aproves Section 107 
grants wthitn delegated 
authority. 

Actsas the focal point for
liaison with the public advisory
committee on AT. 

Recomends areas for grant and/or AID activity; 
Reviews and recommends decisions on Section 107 grants;
reviews the AT element of AID projects;
Encourages networks of AT organizations; helps organize
substantive AID-Private Sector panels;
Consults on AID and private sector projects or 
identifies/recommends consultants for same;
Develops and oversees evaluation system for projects;
Conducts seminars and informational meetings on AT; 
acts as liaison link with U.S. and LDC AT 
organizations;
Compiles reports, blueprintsetc. on AT; provides same 
upon request. 
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ESTIMATED COSTS FOR A
 
PROPOSED PRIVATE NON-PROFIT ORGANIZATION FOR APPROPRIATE TECHNOLOGY
 

(ALTERNATIVE B)
 

I. Salaries and Benefits 
 847,985
 

Salaries Benefits
 

1. Director 
 55,000 5,170
 

2. Assistant Direc.tor/General Counsel 50,000 4,700
 

3. Administrative Assistant 
 16,306. 1,533
 

4. Secretary 
 12,150 1,142
 

S. Program Coordinator/Economist 34,441 3,237
 

6. Grant Officer, Agriculture (2) 68,882 6,474
 

7. 	Grant Officer, Small Business 34,441 3,237
 
Development
 

8. 	Grant Officer, Institutional 34,441 3,237
 
Development
 

9. 	Grant Officer, Health and 34,441 3,237
 
Sanitation
 

.10. 	Grant Officer, Education 34,441 3,237
 

11. Grant Officer, Energy/Other 34,441 3,237
 

12. Evaluation Officer 
 29,546 2,777
 

13. Communications Officer 
 29,546 2,777
 

14. Editorial Associate 
 16,306 1,533
 

15. Secretaries (4) 	 48,600 4,568
 

16. Executive Officer (Personnel,.GSO) 29,546. 2,777
 

17. Auditor 
 34,441 3,237
 

18. Budget and Fiscal Officer 25,198 2,369
 

19. Accountant 
 29,546' 2,777
 

20. Financial Clerk 
 16,306 1,533
 

21. Secretaries (3) 	 36,450 
 3,426
 

22. 	 Contract/Grant Administratoxs (3) 75 S94 7 107
 
Total 780'063
 

11. Overtime (SO0 hours 0 $9.40) 
 4,700
 

I1. Consultants (350 days @ $100) 
 35,000
 

IV. Travel 
 50,000
 

V. Administrative Procurement/rxternal 
 12,001
 
Auditing Services
 

VI Rent, Equipment, Supplies, etc. 
 SS 11
 
Total $I, i, ­



ALTEAATIVE B: PROPOSEDORGAIVIZATIONAL Ar-..,'& (T FOR A PRIVATE. k--PROFIT 
ORIAMIIZATIOis FOA APP-.C?2IAT[ TECIOLOY 

Advisory Panels on I OrectcrAppcriate 
 Assistant Olrector/General Counsel 
 Board of Dfrtctors 
Technology 
 . . .	 A -nistrattv- Assistant
 

Secretary (4)
 

;prgram Oevelcprent and Evaluation 
 Program 1Punagt.-nt. Pd'inistration 
and Finince 

Pr, - C:)rd.jatr,'Eccn.,st Grart/Contract A.-in Officer (3)
Grant Cffi:er. A rclt-.re (2) Executive OWficer
 
Grat Cfflccr, S7!11 E.siness Auditor
Grant Offic.r. Instituticnal 	Develcpwnt 
 BLd.et Officer
 
Grart Cff!!er. heIlth and Sanitation 
 Ac'c.ntant
Crant Officer. Eevcatfcn 
 Financial Clert
 
Grant O'ficer. Encr;y/ther 
 Secretaries (3)
 
Iva',:"tn C'ficer
 
C'%.r'cat or./|n fcr--t cn Officer
 
Editorial Associate
 
ecretaries (4)
 (IS) 	 (11)1 

P-cossl develooed by AIO/SE/R P In consultation with AID Work Group on Appropriate Technology.
 

The ass%.rtion is made that project review panels may be established for specific functional areas; e.g. Helth. mall Business. etc. 

http:rclt-.re


ALTERNATIVE B: PROPOSED ARPANGEIENTORGANIZATIONAL FCA A PRIVATE. NOW-PROFIT 
ORUAIIZATIM FORAPPROPRIATE TECHNOLOGY* 

Advisory Panels on
 
Appropriate Technology 
 Office of the Director Board of Directors
 

Prolect review n 
 Kanages day-to-day activities Establishes policy tar the

specific functional of the organization AT program and for theareas Provides legal advice and operations of the organization. 

counsel including poiicy regarding the

Is the principal faison be-tween the Boardl of Directors review and approval of projects 
and the Organization


* Acts as Secretariat to the 
Advisory Panels
 

Program Development and Evaluation Program Management, Administration 
and Finance
 

* Prograih Planning 
 . Grant Administration 
* Program Developrnt and Presentation . Managemnt Services* Liaison with U.S. and LOCAT Auditing (assaes use of externalOrganizations auditing firms)

Evaluation 

. Budgeting* AT Conferences and Workshops . Financial Analysis

Liaison and Information exchange 
 Funds Accounting

with AID donors 
 Personal Services


* Technical Consultations 

Proposal developed by AID/SERJT in consultation with AID Work Group on Appropriate TechnologY. 



-- 

ALTERNATIVE B & C: SiLL, INTERNAL OFFICE INA.I.D.
 

Appropriate Technology Liaison Office 

- Chief 

- Development Officer 

- Secretary 

Functions:
 

Mianages annual grant to outside Appropriate
 
Technology Fund.
 

--	 frintaiis liaison with Fund including 
attein."3in 'boiti--s, 

--	 cocnsults on AID projects
iv.:o r -in- zLpropr iate tchmo!ogy, 

Iiaison to U.S. sources. 
--	 Rzpresents AID in international meetings 

on AT. 
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ESTIMATED COSTS
 

FORA PRIVATE, NON-PROFIT ORGA3I1ZATIO; TECHNOLOGYFORAPPROPRIATE 
(Suggested by Gaines B. Turner, Director of Operations, pathfinder Fund) 

(Alternative C)
 

Salaries il fOc-leflt 
s $56,903
Salaries Benefits
 

1. Executive Director T "5,0066 "VIT'I)O 

2. Deputy Director 50,000 4,700
 

3. Administrative Assistant 16,306 1,533
 

4. Socretary 12.150 1.142
 

5. Program Coordinator/Economist 34,441 3,237
 

6. Program Coordinator/Economist 16,306 1.533
 

7. Agriculture Specialist 34,441 3.237
 

S. Agriculture Specialist 16,306 1,533
 

9. SmallBusiness Specialist 34,441 3,237
 

10. SmallBusiness Specialist 16,306 1.533
 

11. Institutional
Development Specialist 34,441 3,237
 

12. Institutional 16,306 1,533
Development Specialist 


13. Health Sanitation Specialist 34,441 3.237
 

14. lealthSanitaticn Specialist 16.306 1,513
 

15. Education Specialist 34,441 3,237
 

16. Education Specialist 16.306 1,533
 

17. Energy/Other Specialist 34,441 3,237
 

18. Energy/Other Specialist 16,306 1,533
 

19. Editorial 16,306 1,533
A!.sociato 


20. Evaluation Officer 29,546 2,777
 

21. Contract/Grant Administrators (3) 75,594 7,107
 

22. Secretaries (7) 85,050 7,994
 

23. Controller 34,44) 3,237
 

24. Accounting Clerk 12,150 
 1,142
 

25. Bookkeeper 16.306 1,533
 

26. Personnel/Purchasing 2S,198 2,369
 

Total 1)a3,~97-6 M12
 
II.Overtime 
 4,700
 

III.Consultants 
 35,000
 

IV.lravel 
 50,000
 

V.Administrative Procurement (e.g.,audit services. etc.) 20,010
 

VI.Equipmcnt andSupplies 
 ._55,135
 

Total S1.021,38
 



ALTERNATIVE C: PROPOSED ORGANIZATIONAL ARRA1GEP.ENT FOR A PRIVATE NON-PROFIT
 
ORGANIZATION FOR APPROPRIATE TECHNOLOGY
 

Advisory Panels Executive Director
on 
 Deputy Director Board of Directors
 
Appropriate 
 Administrative Assistant
 
Technology Secretary
 

Program Development, Evaluation 
 Managmrant

and Cor.nunication 
 Services
 

Progran/Coordinaton
 
Economist (2)
 
Agriculture Specialist (2)

Small 
Business Specialist (2)

Institutional Development Controller
 
Specialist (2)
 
Health/Sanitatlon Accounting Clerk
 
Specialist 
 (2A
Education Specialist (2 
 Bookkeeper

Energy (and Other)

Specialist (2) 
 Personnel/Purchasing
 
Editorial Associate (I)
Evaluation Officer and 
 Secretary (1)

AID Liaison

Contract/Grant Ad.inistratorc3)

Secretaries (6) (25) 
 1 (5) 

h;
-a' u ta by Gaines B. Turner, Director of Operations, Pathfinder Fund.
 



-- 

--

ALTERNATIVE C: PROPOSEDORGANIZATIONAL ARRANGEMENTFORA PRIVATE MON-PROFIT
ORGANIZATION FORAPPROPRIATE TECHNOLOGY 

Advisory PaneTs Office of the Director Board of Directors 
-- Reviews (upon request) AT

project proposals for their Directs the internal day-to-day -- Establishes broad policy foroperations of the organization the AT program and on the
Rec¢.,imends
technical soundnessapproval/dis-
Sondnes	 -- with the Board of DirectorsIs the focal point for liaison -- Establishes policy for review
tehia 	 operations of the organizationapproval/rodification as 
 -. Acts as Secretariat for the 
 and approval of projects
 

Program Development, Evaluation and Communication
 

--	 Stiulates AT project proposals in areas
 
requiring attention l0 

-- Reviews and approves section 107 projects Hanamgent Services
 
--	 Consults n AID or non-AID projects and/or


recovmends consultants i
 
Conducts U.S. and LDC Seminars and Informational

meetings on AT
 

-- ats liaison link with AID and other U.S. AT 
 Perfoms the full range of
 --sources including other AID donors
Compiles reports. blueprints etc. on AT 
 internal housekeeping operations
including

Helps organize sources of AT information
 

Encourages network of AT organizations 
 Management Services
 - MMonitors and evaluates projects

Develops incoordination with other elements of
the organization grant-making proc-dures inclu-
 Contrller. bookkeeping and
accounting Services

ding changes/modifications to the 
orm~l agree­ment docta-ant Personnel Services

N-egotiates agreem.ents with grantees and advises
 
On questions arising on non-technical aspects
 

--Monitcrs grantee performance to assure com­
pliance with agree-ment
 



-- 

ALTERNATIVE B & C: SMALL, INTERNAL OFFICE IN A.I.D.
 

Appropriate Technology Liaison Office
 

-	 Chief 

-	 Development Officer
 

-	 Secretary
 

Functions: 	 ;2
 

Manages annual grant to outside Appropriate
 
Technology Fund.
 

--	 Maintains liaison with Fund including
 
attending board meetings.
 

--	 Rvie.:s and consults on AID projects
 
involving appropriate technology,
 
liaison to U.S. sources.
 

--	 Represents AID in international meetings
 
on AT.
 



-- 
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IV. APPROPRIATE TECHNOLOGY - DEFINITION 

Appropriate technology is technology which enables developing
 

countries to provide goods and services for their people in a manner
 

which is 
compatible with their economic and social conditions.
 

Appropriate technologies relate both to economic and non­

economic goals. They 
are applicable to employment, output, and
 

equity objectives, as well as 
goals in population, health, nutrition
 

and education.
 

Given typical LDC conditions of scarcities of capital and skilled
 

labor with an abundance of unskilled and semi-skilled labor, and taking
 

as 
objectives of development assistance:
 

growth of employment and output through more effective 
use
 
of resources,
 

while decreasing inequalities in income distribution, 

- emphasis on the basic needs of the poor, both economic and
 
non-economic, and
 

increased participation of the poor in all aspects of the

development process.
 

It is expected that technologies appropriate in production will
 

generally have the following characteristics:
 

1) They will be intensive in the use of the abundant factor,

unskilled 
labor, and economical in 
the use of scarce factors,

Capital and highly trained personnel.
 

In the provision of services, appropriate technology relleb 
to
the extent possible on less highly-skilled labor 
- economizing
 
on human capital. 
Appropriate technologies do not demand
sophisticated skills of their users.
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2) Appropriate technologies are primarily based on locally and
 
domestically-produced inputs, 
or on the use of national (lot
 
expatriate) personnel.
 

3) Appropriate technologies in physical production are economically
 
efficient in small and medium-scale enterprises, rcplicable by

local entrepreneurs, and often produce primarily for a local 
or
 
regional market.
 

It is expected that goods appropriate to LDCs in consumption will
 

emphasize the needs of the poor: 
 they will generally be
 

- low cost,
 

- accessible to low-income people,
 

- individually or locally maintainable without extensive support
 
requirements,
 

-- compatible with local cultural patterns.
 

Appropriate service technologies are those designed to produce
 

manpower and medical 
care relevant to the requirements of the poor.
 

They, similarly, will be low-cost, accessible, and compatible with
 

local cultural patterns.
 

None of these characteristics are binding. 
That is, satisfaction
 

of these criteria does not certify a technology as appropriate. They
 

are merely a set of attributes set out in order to give substance to
 

the definition set out in the first paragraph: technology which
 

enables developing countries to provide goods 
and services in a manner
 

compatible with their conditions.
 

What is appropriate in each country's development situation will
 

be different in every case. For example, in a small country with a
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limited internal market, production for export may be important, for
 

which a different product may be appropriate than for domestic con­

sumption.
 

While appropriate technology emphasizes small-scale production,
 

in a number of circumstances, euch 
as economies of scale, large-scale
 

production may be appropriate.
 

Appropriate technologies are expected to contribute to employment,
 

output, and equity objectives, meeting the needs of the poor, and
 

increasing participation by the poor in a number of ways. Emphasizing
 

labor-intensity and employment of relatively unskilled labor will cause
 

additional broadly-based employment of those at the bottom of society.
 

Broad expansion of low but adequate income employment improves income
 

distribution, contributing to a major social objective: 
 equity,
 

Encouraging the use of locally or domestically-produced inputs
 

emphasizes the backward linkages of an appropriate technology: its
 

downstream effect on domestic employment and ototput.
 

Small-scale production allows regional dispersal of enterprises,
 

especially over rural areas, each satisfying a limited market. 
 Some
 

governments consider this an objective, as well as the regional self­

sufficiency promoted by local industries using local inputs. 
Low-cost
 

goods and services and compatibility with local culture emphasize
 

that appropriate technologies are aimed toward the poor.
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ATTACHMENT B 

PRIVATE VOLUNTARY ORGANIZATIONS AND APPROPRIATE 
TECHNOLOGY 

(A Report for the Agency for I nternational Developin.nt) 

PREFACE
 

This report has been prepared by PASITAM -- the Program of Advanced
 

Studies in Institution-Building and Technical Assistance Methodology.
 

PASITAM is a component of MUCIA -- the Midwest Universities C~nsortium
 

for International Activities.
 

PASITAM was created with significant financial assistance from the
 

U.S. Agency for International Development, to help link academic experts
 

and practical planners and managers inidentifying, and analyzing certain
 

key problems of developmental assistance --essentially thr. problems of
 

designing effective systems of practical action in such fields as agricul­

ture, rural development, health, and others.
 

A generic concern of PASITAM isthe effective use of organization
 

and management indevelopmental efforts. Private voluntary organizations
 

represent one broad and certainly diverse category of organizations. A
 

number of them play interesting roles indevelopment. "Appropriate tech­

nology" is the current catchphrase for a set of important and interesting
 

concerns, which require sound analysis and effective organization, if
 

these concerns are to be transformed into practical realities. This li­

mited study identifies basic opportunities for enhancing the exploitation
 

of appropriate technology by PVOs. It also identifies certain questions
 

which lie outside the scope of this report, but which are germane to the
 

broad issue at hand.
 

Wm. J. Siffin
 

Director
 
(78)
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SUWiARY
 

This study examines the role which Private Voluntary Agencies (PrOs)
 

play inthe development of appropriate technology (AT). More than 30
 

PVOs involved inAT-related activities have contributed to this study.
 

The study isnot comprehensive nor can it be considered definitive.
 

Itdoes, however, provide a 
set of informed answers to a set of questions
 

posed as the basis for this report.
 

(1)What are the PVO experiences and contributions to generating and
 

disseminating AT?
 

'Appropriate technology' in essence Peans 
'good' technology -­

technology which both works and 
serves desirable social and economic aims.
 

PVOs are usually action oriented groups concentrating inextensive field
 

programs. 
 This field experience presents them with unique opportunities
 

to identify and respond to local needs, including needs for AT.
 

Each PVO works differently in identifying project needs and opportu­

nities. Some develop extensive, long term programs .nich require con­

siderable external technical assistance. Most PVOs, however, rely heavily
 

on project-by-project approaches using local voluntary technical 
exper­

tise and their own staff.
 

After identifying a need PVOs may respond inone of three ways: 
 They
 

may improvise inthe field, conduct in-house research and developaent ef­

forts to find or devise a promising solution, or conduct local and inter­

national searches for solutions involving the application of technology.
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Considerable technological adaptation and innovation occurs through
 

improvisation, especially,in small-scale resource-short projects. 
 Re­

latively few PVOs have the technical resources to conduct in-house R & D
 

PVOs generally obtain technological information through local and inter­

national searches. International agricultural institutes are commonly
 

used; other institutes are used infrequently.
 

Few PVOs can undertake projects primarily for testing. Host lack
 

resources to establish specialized evaluation units. 
 Most PVOs disseminate
 

limited project information in newsletters or similar brief reports.
 

There is little dissemination into more formal channels.
 

(2) What weaknesses or limitations can be isolated from PVO experiences
 

in AT?
 

PVOs often lack the necessary financial and human resources to properly
 

assess technical components in either project design or implementation.
 

Only a few technology centers currently offer adequate technical consul­

tancy services. PVOs need better backstopping and stronger linkages 
to
 

sources of R & D.
 

PVOs are also weak intesting, assessment, and dissemination of their
 

AT experience. 
Few PVO-AT projects are extensively documented, and even
 

fewer have been systematically analyzed. The operational modes of these
 

agencies are generally action oriented, with minimum emphasis upon studies
 

and analysis.
 

(3) What kinds of support and assistance would best promote effective
 

PVO involvement ingenerating and disseminating AT?
 

IfPVOs are to play a larger role inAT activities, stronger linkages
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are required between technology sources and opportunities for PVO tech­

nology applications.
 

'Technology institutes and clearinghouses could provide on­

site technical consultancy services inneeds identification,
 

engineering, and impact assessment.
 

,Catalogs of simple technical ideas like VITA's Village
 

Technology Handbook could be more widely distributed to
 

field-based PVOs.
 

Most PVOs do not have the resources to extract and disseminate lessons
 

from their pracLical experience. To facilitate such dissemination:
 

*AT testing and monitoring could be underwritten, in arrange­

ments involving those employing and using the technology.
 

•Backstopping capability might be further developed insuch
 

organizations as World Education, World Neighbors, the Edu­

cation Development Center, and similar PVOs to assist field
 

based PVOs inmonitoring, testing, evaluating, and dissemina­

ting AT.
 

'AT institutes and clearinghouses could produce and disseminate
 

manuals on PVO-developed "hard" and "soft" technology projects.
 

AT field delivery could also be improved. Local indigenous extension
 

services which provide "soft" technologies and identify potential techno­

logy manufacturers might be a promising delivery system incertain cir­

cumstances.
 

Indigenous capacity building, through technical and management training
 

and creating linkages with outside resources, isessential for AT to have
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a lasting development-impact.
 

(4) What specific types of assistance should AID undertake to best 

improve PVO use of AT?
 

As a group, PVOs are weakest inback-up assistance in identifying and 

shaping appropriate technological responses to field-situation needs, and 

indocumenting and disseminating the results of their own experience. 

USAID could provide assistance inthese areas. 

The Agency for International Development might enhance the effective­

ness of PVOs in identifying, assessing, adapting, applying and assessing 

AT in several ways: by funding the establishment or expansion of techni­

cal consultancy services available for field assistance to PVOs (and 

possibly not limited to them); by underwriting one or more arrangements 

for enhancing the documentation and analysis function as itapplies to 

PVO field experience with appropriate technology; and by undertaking or 

underwriting the dissemination *selected and tested materials on appro­

priate technology among PVOs likely to find it of use. Meons might range 

from field-oriented conferences and seminars to a publications program. 
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PURPOSE AND DESIGN OF THE STUDY 

This study examines the role which Appropriate Technology (AT) plays 

in the development activities of Private Voluntary Organizations (PVOs). 

The first section of the study defines the term 'appropriate technology' 

and discusses the general implications of AT activities for PVOs. The 

second section describes the field operating characteristics of PVOs and 

cites cases illustrating how they design, adapt, assess and disseminate 

AT. The third section analyzes the problems currently facing PrOs and
 

identifies potentially rich areas for the expansion and strengthening of
 

AT activities. The fourth section offers recommendations on what kinds
 

of support and assistance would best promote effective PVO involvement
 

ingenerating and disseminating AT.
 

There are two basic assumptions underlying the design of this study:
 

(a)that there are actually and potentially practical ways to identify,
 
e 

develop, test, apply, and disseminate forms of technology which are dis-. 

tinctively appropriate to development aims and (b)that PVOs are insev­

eral ways important parties to these activities. By learning from PVO 

experience, we may be able to expand the development and use of appro­

priate technologies and to enhance the contributions of PVOs. 

With these assumptions inmind, eighty-three organizations involved 

in substantial AT-related activities were selected for study. A ques­

tionnaire was sent to these organizations. Twenty-seven responded with 

letters and materials, and several telephoned their responses. In 
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addition, interviews ranging from one to six hours were held with the
 

staffs of twenty organizations (see Appendix).
 

Itshould be apparent that this study cannot be cqnsideredcompre­

hensive or Inany way definitive. The PYOs examined inthis study do
 

reflect a wide range of AT activities. Any comprehensive tudy would
 

require a much larger survey of organizations and a greater number of
 

in-depth interviews.*
 

*The Technical Assistance Information:Clearing House provides brief
 
descriptions of 418 voluntary agencies, missions, and foundations inU.S.

Non-Profit Organizations in Development Assistance Abroad (1971).
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1 DEFINITION AND GENEIAL IMPLICAT.ONS
 

'Appropriate technology' is the shorthand label for efforts to develop,

apply, evaluate, and disseminate knowledge about technologies which are
 
distinctively useful to the conditions of poor countries and to the needs.
 
of poor people within those countries. Implicit In the use of the term
 
isthe assumption that there are some technologies which are inappropriate
 
to a particular development situation. 
The appropriateness of a 
certain
 
technology isdetermined by two criteria.
 

First, the potential technology must be applicable to the particular
 
environment. 
Among the factors important indetermining applicability are
 
relative sophistication and availability of human resources 
necessary to

apply the technology, suitability of the technology to the situation, and
 
compatibility with the customs and social ihstitutions of the local
 

environment.
 

The introduction of inappropriate technology can, all too often,
 
occur, and the Inappropriateness need not be great to have a disastrous
 
effect on a project. Recently a 
well designed, two-handed oxendrawn plow
 
was introduced Into an area where a one-handed plow had been the custom.
 
The one-handed plow allowed the driver to use the other hand to guide the
 
oxen. 
 The introduction of a two-handed plow would require the use of an
 
extra person to g9ide the oxen or'a retraining of the oxen. 
After a
 
short trial period many of the farmers abandoned their new plows and re­
turned to the old one-handed plow.
 

The second criterion for determining the appropriateness of a techno­
logy is the relevance of the social goals which will be served by the
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technology to the aims of the promotors. Readily transfeble technology 

may be inappropriate to development needs inthe target society. For
 

instance, a particular project my have as Its goal the lowering of labor 

costs in a certain native industry through the introduction of labor­

saving technology. Such a project would be appropriate in an area 

deficient in labor resources, but in an overpopulated area, a labor In­

tensive technology might be more appropriate. 

Itshould also be noted that the term 'technology' refers not merely
 

to 'hard' machinery and technical skills. Italso encompasses training
 

programs. organizations management and other 'soft' technology. Techno­

logy isnot and cannot be abstracted from the situation inwhich it Is
 

to be used; it is the direct link connecting needs to organized and 

rationalized mans of satisfying those needs.* Appropriate Technology 

considers the local. natural, and human resources and encourages indigenous
 

initiation and Innovation.
 

There remains considerable disagreement about the import of the idea
 

of AT, but it isgenerally agreed that the basic determination of appro­

priateness must come from the field. Moreover, the potential technology 

must be tested in the field, in its intended use area. Finally, it is 

acknowledged that PVOs play important roles in developing, testing, ap­

plying and disseminating technologies. 

PVOs are of distinctive Importance because of their heavy involvement 

in field proraemS. PVOs are usually action oriented groups concentrating 

upon field operations. Their orientation and their experience give them 
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unique opportunities to develop, test, apply. and disseminate applications
of technology. By examining the PVO experience with AT activities much 
can be learned about the nature of AT and about how best to expand the PVO's 
role inAT activities. 
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IIGENERAL PVO OPERATING CHARACTERISTICS
 

PVOs may be roughly categorized into three groups.
 

1) A small number of PVOs operate field projects and have internal
 

technical backup personnel (e.g., project analysis, engineering,
 

organizational training). Representative agencies include Catholic
 

Relief Services, CARE, the American Friends Service Committee, and
 

Technoserve.
 

2) The largest number of PVOs are field action-oriented and have
 

thin internal backup capability. Representative agencies include
 

Foster Parents Plan, the Paul Carlson Foundation, Community Develop­

ment Foundation, Partnership for Productivity, and the Mennonite
 

Central Committee.
 

3) A small number of PVOs usually do not operate direct field
 

projects but do provide specialized assistance (e.g., information
 

services, personnel) to other organizations. Representative agencies
 

include Volunteers inTechnical Assistance (VITA), World Education,
 

World Neighbors, Heifer Project International, and Credit Unions of
 

North America (CUNA).
 

Identifying Needs
 

Crucial to the proper function of all three types of PVOs is the iden­

tification and specification of the technological needs and opportunities
 

of the local environment. Beside the accurate assessment of technical
 

needs, good project identification requires a careful assessment of the
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social criteria which an appropriate technology must meet.
 

Each PVO works differently in identifying project opportunities.
 

CARE, one of the largest PVOs, establishes five-year country plans in
 

cooperation Jth counterparts, government agencies, communities, and
 
indigenous PVOs. 
 These plans include project goals which may require..
 
external technical assistance and material. 
 Technology needs are in­

tegral toproject design, and CARE uses outside technical consultants
 
and its own staff.to specify the requirqd technologies. Other prgani­

zations rply heavily.on project-by-project programming, using local
 

voluntary technical expertise and their own staff.
 

PVO Responses to AT Needs
 

PVOs can pursue three modes of action when they identify technical 

needs and specifications:
 

1)They may improvise inthe field;
 

2)They may conduct in-house research and development; or
 

3)They may conduct local or international searches.
 

Field Improvisation
 

,Consideroble technology adaptation and innovation occurs 
through
 

improvisation inthe field. 
One respondent stated, "We live on the edge 
of virtual non-survlvol most of the time. Maybe that Isone reason why
 
we improvise and come up with answers; we just have to survive." 
.While
 

mn.!t
ginqa small hospital and an associated agricultural program, his
 
organization identified fourteen examples of local innovation and
 

http:heavily.on
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adaptation ranging from rebuilding a dental X-Ray for chest and pelvic 

examinations to designing and constructing a bicycle ambulance. 

One PVO made a placent3l extract for an anabolic in a local hospital, 

adapted an autoclave for charcoal, and buil a waterwheel from local 

materials. 

To build local tools or introduce new processes, field workers often
 

proceed from a drawing or newsletter description. There are numerous 

catalogs of simple ideas similar to VITA's Village Technology Handbook 

available to draw information from. Many of these catalogs present sim­

ple, provocative technical ideas. 

It is not surprising that small-scale resource-short projects produce 

technological innovations that are consistent with local materials, skill
 

levels and customs. The innovators are familiar with the social setting
 

and this combined with Ingenuity and local *aterials produces many useful
 

Implements.
 

In-house R &D 

Seieral PVOs have developed and adapted relatively sophisticated 

technologies. ACCION Internacional Tecnica, and Meals for Millions are 

developing high protein soybean food for production and consumption in 

Central America. CARE, assisted by outside experts and an AID grant, 

has developed and istesting plastic-treated jute to provide typhoon­

resistant material inBangladesh. 

The Community Development Foundation uses local volunteer consultants 

inagriculture, credit, health, and nutrition to provide technical
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assistance and AT development. Church World Services iscooperating with
 

John Deere inAfrica to develop a locally adapted plow.
 

World Neighbors, International Planned Parenthood, and the Comnunity
 

Development Foundation have developed innovative techniques 
in family
 

planning, rabbit breeding, conmunity organization, construction, sanitation,
 

and cooperative organization. These technologies have been developed
 

through cooperation among field representatives, local organizations,
 

and national and international expefts. World Neighbors, for example,
 

assisted in the production of a multi-lingual filmstrip on rabbit farming
 

with SEDA (Service de Developpement Agricole) in Zaire.
 

Information Searches
 

Information on most technologies is obtained through local and inter­

national searches. Many PVO searches begin in an informal network at the
 

field level. Failing there, a PVO search often extends to more distant
 

technology centers via the PVO headquarters, VITA or other clearinghouses.
 

Searches begin with a specific need and a rough idea similar to 
the
 

product development" stage of a manufacturing process. Searches may
 

occur during project design or during project implementation.
 

Field Level Searches. A typical informal search begins locally and,
 

depending upon individual contacts and the nature and 'scale of the pro­

blem, may end quickly and successfully. ACCION uses indigenous °.alent
 

and financial resources in its small commercial and industrial promotion
 

projects in Central and South America. It draws heavily on the private
 

92.90 0 - 77 . 
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sector and ri organizations like ICA for technical advice. Other,
 

smaller PvOs also use this approach.
 
Localized searches permit personal interchange inwhich needs and
 

proposed technologies can be specified overa snort time period. 
 Yet pro­
ject managers often miss locally available resources because of a lack of
 
information. 
For example, one respondent was looking for high-lysine corn
 
suitable for his project. 
At a large U.S.. agricultural school, he learned
 
that alocally adapted high-lysine corn was being tested 80 miles from his
 

project site..
 
The Christian Relief and Development Association (CRDA) inAddis
 

Ababa, Ethiopia provides search services to any Ethiopian organization
 
needing technical assistance. There are similar units inother LDC.
 
This more formal approach appears to plug gaps in the informal netorks.
 

PVOs have their closest field working relationships vith AT centers
 
when planning and implementing projects. These relationships are not
 
often maintained on an on-going basis because PVOs collaborate on the
 
basis of needs related to projects, not simply to maintain contacts for 

their own sake. 
Many PVOs stress their reliance on local technology and expertise
 

sources. 
 Host report that field personnel or counterpart organizations
 
make every effort "toresolve technical problems inthe field before calling
 
for external assistance. 
PrOs recommend that local technical assistance
 

.
sources like corporations universities, applie research centrs. 
ocal
 

clearinghouses, and government research and extension services be
 

strengthened as prospective AT sources. 
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oJ~ctn x tethnical and-Informuat 
resources, a wider search Isconuiu'ted for tchd~cal assistance. These 
searches ire usually initiated Ini are conducted by an Inter­the field buat 

mdiary who channels the requests to AT sources.
 

Field-based-international searches reach technology sources directly.
Their success depends on a knowledge of sources and the requestor's abili­
ty to specify appropriate criteria. A technology search Is difficult even 
for those familiar with woriwide sources, Dr. WH Boshff of Kakere Uni­
versity had many such problems while designing the ak V tractor. 

Inthe U.K.4Boshoff] had a direct connection with anagricultural college which Iscooperating on the
project but even then he experienced difficulties Infinding out ho the potential suppliers were. In the 
... United States, he initially only ad catalogues

which listed perhaps 20-30 suppliers for a partrcularpart, with no detailed specifications or other infor­mation.... This necessitated a laborious and tiue­consuming correspondence with all suppliers 
 n order
to determine which two or three of then might actuallybe able to supply what he needed. Finally, theRockefeller Foundation sent him to the U.5. so hecould be there to choose parts suppliers, ... Dr.Soshoff would be infavor of soce kind of clearinose
for technological Information transfer to devOloping
countries.* 

Headuarters-based international searches are done by organizations with 
highly technical needs. To be s6-cessful searches must match field techni­
cal specification of need skills with headquarter knowledge of technology 
sources, 

Technologies must sometimes be sought in unlikely places. lechhoservt 
*Theodore W.Schlie. 'Appropriate Technology: Some Concepts, Some ideas.and Some Recent Experiences In Africa, (Ilimeographedthe Managment of-Research and Dulopment, Program of Itosearch onDeartment of Industrial cnginheering and Management Sciences, Northwestern University). p. 21. 



and local groups working on the re-development of the Corozo nut- industry 

in La Cab lacked a high-pressure cracker for the exceptionally hard nut. 

A headqulrters-based search led from VITA to the California walnut Indus­

try to ITDG in London. Commercial nut-growers gave thin more detailed 

specifications of what machinery would be veded. Simultaneously, ITOG 

learned that Unilever had absorbed two companies that had been part of 

the earlier Corozo-nut industry at the turn of the century. Technoserve 

found that the corporations and their technologies had literally vanished 

in corporate merers. However, the required machinery specifications were 

clear enough to suggest a search of coal crushing technology. The search 

began anew in Thompson's Registry of Industrial Suppliers and ended with 

a smll firm in Ohio which manufactured coal crushing machinery. 

While this sees to be an idiosyncratic case, many other technology 

searches are as complex. The difficulties of this search process include: 

1) International searches require considerable skilled manpower. 

2) They often require long lead times which can disrupt project 

schedules.
 

3)Linkages between AT sources and PVOs are often poor. PVOs are
 

hesitant to approach them for a variety of reasons including 

simply not knowing whom to approach. Linkages are primarily 

initiated through intermediaries.
 

4)PVO field and headquarters linkages are occassionally insuf­

ficient to adequately identify technical specifications.
 

Headquarters-based searches often ignore LUC technology sources. Some 

PVO-AT projects require access to American or wstern technologies, but 



95 

technologies do exist invarious fields.
 

LDC technology development research is increasing as a result of
 

lopment efforts, and their technical capacities are increasing.* In­

iatior on LOC technology sources are beifig disseminated through units
 

*WAITRO. Yet, LDC advances in Information dissemination and , D 

city will lack some of their potential fpact ifPVOs do not exploit
 

Information Clearinghouses assist PVOs Ind other organizations by
 

iting technologies or providing technical consultants. VITA, ITOG, 

aand a growing number of other organizations also conduct R 9 D and 

ish manuals on widely applicable technologies like solar cookers and
 

Imills. These organizations are multi-sectoral. Other organizations
 

:entrate on specific technology areas.
 

The number of clearinghouses and AT centers has expanded to include:
 

-Intermediate Technology Development Group Ltd. (London);
 
Brace Research Institute (Ste Anne de Bellevue, Canada);
 
:Appropriate Technology Cell (New Delhi);
 
Planning Research and Action Division (Lucknow, India);
 
-Appropriate Technology Development Unit (Varanasi, India);
 
*Industrial Development Division, Engineering Experiment Station
 
(Atlanta, United States);
 

-Volunteers in Technical Assistance (t. Rainier, United States); 
*Division of Microprojects (Eindhoven, Netherlands);
 
:Appropriate Technology Centre (Islamabad, Pakistan);
 
•Technology Consultancy Centre, University of Science and
 
Technology. (Kumasi, Ghana);
 
-Agricultural Engineering Department. the International Rice
 
Research Institute (Manila, Philippines);
 
-Earth Resources Development Research Institute (Washington, D.C.);
 
.Technonet Asia (Si ngapore); 

'AID's Office of Science and Technology has fostered the growth of industrial
 
earch institutes. The Industrial Research Institute of Central 1erica 
AITI) in Guatemala and others have begun active program. UNIDO, through. the 
ld Association of Industrial and Technological Research Organirations (ITR u) 
plied members assistance in applied research capacties. In 1970 the OAS be­
technical, assistance programs in technology development areas. 

*James Utterback. "The Role of Applied Research Institutes in the Transfer of 
hnology to Latin America." Di:cussion paper (Bloomington: Indiana University 
ol of Business and PASITAN, 1974). 
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'Small Industries Development Network (Georgia, U.S.A.);
'East West Technology and Development Institute (Hawaii, U.S.A.);
:TOOL '(Holland);

Intermediate Technology (MenloPark, Calif., U.S.A.).
 

Many PVOs are awaie of VITA and use its services. A significant num­

ber use ITDG. 
 Only a few use-the other clearinghouses or centers.
 
Technonet Asia, a 
consortium of Asian engineering groups, responds to
 

small 
fndustry and private agency problems. Anti-Poverty, Ltd. (UK) uses
 

LDC and PVO's problems for student work in vocational education classes.
 

Some'technology institutes'disseminate soft technology training ma­
terials. ITDG, Cooperative League of the USA, and the University of Wis­
consin's Cooperative Center have developed training packages, which might
 

be more widely disseminated.
 

Not all PVOs need to use and be inclose touch with technology centers.
 
Information network organizations like ITDG, Technonet Asia (supported by
 
IDRC-Cahada) and the Small Industry Development Network at the Georgia
 
Institute of Technology provide descriptive information on existing agri­

cultural and applied-industrialAinstitutes.
 

Yet, several.PVOs, including some with multi-purpose objectives like
 
the Comnunity Development Foundation, Catholic Relief Services, and the
 

Near East Foundation, are closely .1iiked with applied research organiza­
tions. 
These centers provide significant resources for field adaptation
 
of seed varieties and farm implements incqnjupction with the FAO and such
 
international crop-specific networks as International Rice Research Ins­

titute (IRRI), International Maize and Wheat Improvment Center (CIHNYT). 
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and CIAT (International Center of Tropical Agriculture).*
 

The Near East Foundation, collaborating with CIMMYT, supports an adap­

tation field station inMorocco. InBangladesh, the MCC uses seed pro­

vided by the IRRI (Philippines) and furnishes them with the results of field
 

testing. Only a few PVOs use the services and material of agricultural
 

institutes.
 

There are several applied-industrial institutes, such as the Philip­

pines Institute for'Small-Scale Industries and the Technology Consultancy
 

Center inKumasi, Ghana. Our data indicate little cooperation between
 

these groups and PVOs inthe adaptation of small industry technologies.
 

Testing, Assessing, Disseminating
 

Once a technology islocated, itmust be field tested, monitored, as-*
 

sessed, and the results disseminated. Beyond a basic agreement that these
 

steps are necessary, PVOs have varied views on how to do them.
 

PVOs face several barriers to testing technologies. Many cannot pro­

vide adequate funding for feasibility exploration and pilot testing of
 

alternative technologies. They are reluctan", to divert funding from
 

operational projects to experimental or even pilot projects having signi­

ficant research costs.** They rarely have adequate staffing to monitor
 

experimental programs.
 

*These and nine other organizations provide training and are respon­
sible for genetic research and field adaptation through an extensive network
 
of experiment stations.
 

**Several PVOs do conduct detailed evaluations, e.g., AFSCs Barpall
 
(India) after ten gears and FPP's Socto-Economic Study of Foste-rParents
 
Plan of Bolivia. Others can be expected to do so with Development Program

Grant monies.
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Few PVOs could or would use their projects primarily for testing if 

the testing was not clearly consistent with local needs and desires. 
However, a significant number of cases reveal a convergence of technology 
and receptive locai conditions for testing. For example, MCC's develop­
ment of sun-protective nets for covering vegetables in Botswana and CARE's 
impregnated jute roofing in Bangladesh involve on-site testing. CARE 
is also currently testing nutrition techniques in three countries. The 
experimental design is carefully controlled and should enhance the know­
ledge of alternative methodologies. The Mennonite Central Ciittee (MCC) 
maintains experimental plots and field tests new seed varieties with in­
ternational research organizations like CIAT.
 

Francis Method of the Education Development Center describes the 
testing process followed in that organization: "Thc.'uh most project ini­
tiative now rests inthe countries themselves, EDC often identifies 
potential projects through interactions with academic specialists and R A
 
D groups outside EDC. EDC provides a means of testing the applicability 
of innovative suggestions with specialists in other :ountries and inter­
national agencies who may be interested. 
Where there isinterest, EDC
 
can complement the specialized expertise with its capacities for situa­
tional knowledge, program design, 
 implementation and administration." 

The quality of PVO project assessment varies greatly. 
PVOs qenerally
 
agree however, that they do not want to establish specialized evaluation
 
units; PYOs would prefer to obtain evaluation assistance from other
 
specialized PYOs like World Education, World Neighbors, and the Educational 
Developant Center., 



99 

World Education, among its many services, provides evaluation assis­
tance. 
Its approach views technology as a component of larger efforts
 
and overall program effects. World Education and VITA have recently
 
proposed a 
joint project to evaluate the suitability and usefulness of
 
AT manuals to the small farmers and rural villagers.
 

Most PVOs disseminate limited project information through newsletters
 
or similar formats. 
There isvery little dissemination into more formal
 

documentation channels.
 

One organization reports the progress of its projects inquarterly
 
reports. 
 However, no program effectiveness evaluations are carried out.
 
A staff member says, "We have a vehicle for spreading the word within
 
the family. 
That is,each field director writes a Quarterly Report which
 
isduplicated and a complete set goes 
to each program country. That Quar­
terly Report contains a program statistical section which enables us to
 
trace program progress, but itwill not tell 
us a thing about program
 
effectiveness and this isprecisely where we want help and know that we
 
must devise an evaluation mechanism. We also have means of spreading the 
word to our constituents, but we have no time for professional writing for
 

publication."
 

This statement summarizes difficulties faced by most Pos.
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ZI PROBLEMS AND OPPORTUNITIES
 

PVOs ingeneral are action-oriented organizations. Most PVOs have
 

only limited technical backstopping capability. This is reflected in
 

PVO project planning procedures.
 

For AT needs and opportunities to be adequately assessed, a detailed
 

feasibility study and design process isoften necessary. Otherwise,
 

examination of the project environment is apt to be shallow, and only
 

standard technologies are likely to be considered. One PVO respondent
 

believes each project should have a pre-investment impact statement.
 

The statement should assess:
 

1. The technology itself;
 

2. The influence of the project's structure, scale, and operating
 

style on possible technical choices; and,
 

3. The project's interaction with other sectors and projects.
 

Catholic Relief Services (CRS) provides a technical assessment fund
 

of $10,000-15,000 per project to conduct counterpart project feasibility
 

studies. CRS usesin-country and regional consultants to provide techni­

cal assistance at the project initiation stage.
 

AT needs may emerge during project implementation when there is little
 

time for a technology search to determine specifications. These needs,
 

not easily pre-specified during the project design stage, must be res-Ived
 

quickly or a project may fail.
 

Thus, staff members or consultants with a technical background are neces­

sary to properly assess a project's technical soundness. Those PVOs with
 



101
 
technical staffs in agriculture, health or small industry can best identify
 

a locality's characteristics affecting the specifications of technical is­

sues. 
For example, the Mennonite Central Committee and the Farmer's Brigade
 
needed a detailed assessment of soil conditions, rainfall and manufacture
 

costs to design a multi-purpose agricultural tool in Botswana.
 

However, as noted above, most PVOs do not have the necessary financial
 

or manpower resources to properly assess the technical components ineither
 

project design or implementation stages. They are interested in "doing"
 

projects, not developing prototypes. This ispartially a result of limited
 
financial resources, but primarily because of organizational philosophy.
 

VITA has responded to this problem by developing a "mail order" approach
 

to technical information requests. This approach works poorly. VITA re­

ceives over one hundred technical requests per month. 
Many are general
 

inquiries containing inadequate technical and contextual data. 
VITA en­

courages the requestors to better specify the problem context. 
However,
 

PVO technical capability limits the degree to which the problem context
 

can be specified.
 

When the problem context isnot adequately specified, problems occur.
 
Windmill pumps failed in Guinea Bissau because seasonal and daily wind
 

velocity was not measured and maintenance requirements were not thuroughly
 

explored. Supplemental pump systems caused additional problems and expense.
 

Inaddition, some technology problems are so complex that they can only
 
be personally communicated to or directly perceived by a technical expert.
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This-severely limits the utility of sending problems to R &D centers and 

clearinghouses for a mail response. 

Thus, the linkages between field-based PVOs and sources of information 

and R & D are weak in many cases. The field-based PVOs operate in com­

plicated environments. They are confronted by a wide array of applied
 

technology centers which specialize invarious fields of technology. For
 

them to effectively assist PVOs adequate technical specifications are
 

necessary.
 

Only a few technology centers offer technical consultancy services.
 

Yet PVOs often need flexible consulting assistance intechnical matters,
 

including marketing problems and adaptation of technologies to local
 

human aud natural resource requirements. This requires capabilities beyond
 

the abilities of local PVO staff, i.e., local personnel training inthe use
 

of a particular technology.
 

Thus, a major PVO weakness is in technology need identification and
 

searches. There appears to be a need for better backstopping and a streng­

thening of netwrrk linkages.
 

A second PVO-AT process weakness is in the testing, assessment, and
 

dissemination of AT experience. Few PVO-AT projects have been extensively
 

documented, and even fewer have been systematically monitored or analyzed.
 

Yet it is necessary for technology centers and clearinghouses to have ac­

cess to proper documentation of PVO-AT experiences, if information is to
 

be built from experience and disseminated effectively.
 

PVOs ingeneral should not be expected to extensively test, evaluate,
 

and disseminate technologies. Their resources are limited and their
 

operational modes are action oriented.
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Several PVOs stated that a significant bottleneck intechnoluily center 

utilization isthat the centers often treat only the "hard" technologies. 

They do not treat the small farmer's or businessman's problems as systems 

requiring comprehensive approaches. Organizatlon-building, economics, 

cultural considerat qns and management are inseparable from the "hard" 

technologies of machines and equipment. Indeed, an overall development
 

weakness is that the "softer" technologies are often ignored or dealt with
 

inadequately inproject design and implementation. The "soft" technologies
 

need to be better monitored, assessed, documented and disseminated. This
 

requires exapnsion of the scope of backstopping and information network
 

linkages.
 

While PVOs have their weaknesses they also exhibit certain strengths
 

which other development entities lack. For example, PVOs have far more
 

flexibility than do government and bureaucratic entities. They can ex­

periment more easily with new projects, without excessive bureaucratic
 

justification and political and foreign policy implications. They demon­

strate a history of working inrural areas with the poorest majority and
 

have built up a good reservoir of experience. Infostering efforts to 

develop and use AT, itwould certainly be worthwhile to tap that reservoir 

of knowledge. Better backstopplng linkages and dissemination would serve 

this aim.
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IV CONCLUSIONS
 

A. General
 

Examining the relationships of "appropriate technology" and "private
 
voluntary organizations" isa bit like considering the possible associa­
tion between "good recipes" and "people who live inhouses."
 

Appropriate technology inessence means "good" technology -­
technology which both works and serves desirable social and economic
 
aims. Itthus covers a 
vast and varied terrain. Private voluntary or­
ganizations are indeed a heterogenous group of entities. 
 They are of
 
several diffei :nt types when classificd by aims, forms, and methods.
 
They do different kinds of things. They work indifferent places. Many
 
of them are concerned more with humanitarian assistance than with the
 
development, identification, assessment, application, and dissemination
 

of technology.
 

Yet there isan important (though not exclusive) nexus of these two
 
things --appropriate technology and PVOs as vehicles for promoting and
 
applying it. Inthis report we try to examine aspects of that nexus.
 

PVO experience shows once more that technology isalways instrumental.
 
The word isthe label for a certain kind of response to a need or problem
 
--a 
response whose most distinctive quality isdeterminateness.
 

By definition, a technology isa recipe whose ingredients and pro­
cesses are well-specified, and whose effects can be predicted with
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Thus the crucial issue of appropriate technology isto find
 

or devise and to apply the right kind of technology, when the factors
 

which determine rightness are not completely contained within the tech­

nological recipe.
 

PVOs are distinctively interesting as vehicles of appropriate tech­

nology because they include many organizations with earthy and intimate
 

field experience involving the compelling objects of current develop­

ment concerns, the poorest of the poor. Thus these organizations offer
 

special promise of good judgment indefining concrete problems, in
 

helping assess the potentials of technology as a source of auspicious
 

response to those problems, and inhelping deliver such technology.
 

assurance. 


Appropriate technology is not the exclusive province of PVOs, nor
 

are PVOs exclusively concerned with this subject. But they do play a
 

part inharnessing and promoting appropriate technology, and there are
 

ways inwhich that general role might be enhanced. The aims of this
 

report have been to sketch the nature of the involvement of these orga­

nizations inwhat we have labelled "the process of appropriate techno­

logy," and on that basis to outline some needs and opportunities.
 

Our most general conclusion isquite simple: "Appropriate technology"
 

iscertainly not the panacea envisioned by some experts. The term itself
 

is an invitation to debate. Yet itdoes contain, or can be given, worthy
 

substance. And there isa fruitful relationship between the ideas asso­

ciated with "appropriate technology" and capabilities and potentials with­

inthe domain of the private voluntary organizations.
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B. Some Specific Findings and Suggestions
 

The major findings of this survey identify needs for buttressing
 

the supporting resources available to PVOs, and for extracting and
 

disseminating lessons from their experience with the development and
 

use of appropriate technology.
 

A few additional findings and conclusions are worth noting here:
 

One set concerns possible needs for additional information:
 

1. Are certain promising fields or topics of appropriate
 

technology being neglected? Does the field experience
 

of PrOs offer guidance identifying such fields or topics?
 

From this limited study we are unable t answer this question. The
 

matter could, however, be addressed as one aspect of the dissemination
 

function discussed earlier inthis rcport.
 

2. Itwould be useful to further examine the potentials of
 

AT sources within LDCs. 
A number of PVOs have expressed
 

the opinion that LDC sources of technological expertise
 

should be nurtured and used as much as possible, for
 

three reasons.
 

a) LDC institutions presumably have a greater knowledge
 

of their environments than outside organizations. There­

fore they are likely to provide relevant and workable
 

technological inputs.
 

b) Reliance upon LDC sources of AT can help build in­

digenous developmental capacity, which iscertainly a
 

desirable objective.
 



107 

c) LDC sources of AT are less costly than the
 

alternatives.
 

The first of these assumptions is,at this point inour studies, pro-


Itwould be useful to have more information on PVO experience
blenutic. 

with LDC sources of technology, and additional insights into the possibi-

Inasmuchlities for selectively building and using LOC sources of AT. 


clearly bounded set of
 as appropriate technology is not the label for a 


artifacts or recipes, itwould be necessary to determine, through prac­

tical inquiry, what concrete AT needs and opportunities might 
be best
 

served throuqh LDC sources, and how this might be done inways 
involving
 

PVOs.
 

would stress another point: technologyAs part of our conclusions we 

encom­
is not just a synonym for engineering. Appropriate technology 

passes the idea of "soft" technologles. such as ways of orgaaztng 
and
 

operating processes, as well as the more conventional "hard" 
technologies.
 

Appropriate technologies may also be rooted in customs and traditions.
 

Certainly, as noted earlier inthis report, the vital conventions 
of
 

particular societies and communities can have large effects 
upon the ap­

which may
propriateness of a technology -- e.g., the two-handed plow--

to be superior to the existing state of the art, but which 
may be
 

at a given time quite inappropriate for non-technological 
reasons. In
 

appear 

general, there isa large potential role for applied social science 
in
 

neans of develop­
the broad effort to promote appropriate technology as a 


This role isnot limited to assessing the suitability of 
technical
 

ment. 


artifacts; itincludes contributions to the design of appropriate ways
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and means for enacting and,disseminating various kinds of technology.
 

Finally, we turn once more to the topic of indigenous capacity­

building. Thera are miny ways of servingthisaim. "That isnot to
 

suggest for a moment that institution building indeveloping countries
 

iseasily achieved. Nevertheless, we have always been of the convic­

tion that unless we can transfer to a given developing country-a
 

capability which will eventually belong to and be controlled by local
 

people, in the long term we have accomplished very little."
 

Organizations working inenterprisedevelopment offer interesting
 

insights into capacity building. Three were:interviewed indepth.
 

They included ACCION, Partnership for Productivity (PFP) and Technoserve.
 

Each works with indigenous organizations. ACCION primarily provides
 

technical assistance in planning, organlzational development, and
 

training. PFP is training small business extension agents inKenya.
 

Technoserve's Alenfam cane-sugar processin project, initiated by a
 

Ghanaian, identified not only the need foradapted technology but also
 

for training local unskilled labor and introducing marketing research
 

and development skills for Alenfam managers.
 

All three groups believe "appropriate management" isnecessary to
 

complement "hard" technologies. "The key question is not how to develop
 

a particular process or piece of equipment. It isto find ways whereby 

Africans on their own can and will adopt and adapt such developments in 

the interest of their own society. Furthermore, this means that these 

developments should be capable of becoming economically useful and viable 
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when they are no longer the subject of being introduced by Western
 

technicians...
 

The importance of indigenous capacity building, and the significance
 

of social, organizational, and economic issues, demonstrate once more
 

that the crux of a concern with appropriate technology isnot, and can­

not wisely be, upon engineering. Inpractice concerns with appropriate
 

technology must be molded and blended into concerns with astute problem
 

analysis, practical project design, and effective implementation and
 

assessment.
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APfI[NOIX ORGANIZATIOI SURVEYED 

RESPONSE TO 

ORGAN1ZATION IAILED QUEJSTIONNAIRE 

Accion International 

The Afrlcan-Anerlcan Institute 

Africare 

Agrlcultural Coop Dev Intl 

Agricultural 0ev Council, Inc x 

Agricultural Missions, Inc 

Agerican Dentists for Foreign x 
Service 

Amerlcan Founoation for 
Overseas Blind, Inc. 

Awrican Friends Service Conmn x 

The Arlctn Lutheran Church 

Amerlcan Ort Federation, Inc. x 

The Asia Foundation 

Board of Intl Ministries 

CARE, Inc 

Catholic Relief Services 

Christian Children's Fund, Inc 

Christian Church 

Christian Reformed World 

Church World Service 

Codel. Inc x 

Columban Fathers 

Comlty Oevelopent Fund, Inc 

Coop League of the USA x 

Olrect Belief Foundation I 

VISITEO FOR
 

IN-OPTH INI RVI[WS
 

x 

X
 

x 

x 

x
 

x 

x 



APPENDIX 

RESPONSE TO VISITED FOR 
ORCANIZATION NAILED QUESTIONNAIRE IN-DEPTH INTERVIEW. 

Education Developrent Center X 

Episcopal Church of the US 

Family Planning International 

FCH Services Inc 

Foster Parents Plan 
X 

General Conference Mennonite Church 

Coodwill industry of Aierica X 

Heifer Project International X 

IDEAS, Inc 
X 

Institute of International Education 

Interchurch Medical Assistance 

International Association for the Exchange
of Students for Technical Experience/US X 

International Developent Fund. Irc 

International Educational Development. Inc 

International Institute of Rural Reconstruction 

International Road Fund X 

international Voluntary Services. Inc X 

IRI Research Institute, Inc 

UK Kellogg Foundation 

Laubach Literacy. Inc 

Lutheran Church of America 

Lutheran World Fund 

haryknoll Fathers 

Maryknoll Sisters Center 

Meals for Million rund 
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APPENDIX
 

RESPONS TO VISITED FOR 

ORGANIZATION MAILED QUESTIONNAIRE IN-DEPT" INTERVIEWS 

Medical Assistance Programs. Inc X 

Medical and Surgical Relief Comisslon X 

Mennonite Board o Missions & Charities 

Mennonite Central Conittee X X 

Menronite Econonic Developnent Association. Inc X 

National Association of the Partners of the 

Alliance, Inc X 

National i-H Club Foundation of America. Inc 

National Rural Electric Coop Association 

Near East Foundation I 

Ne- Lyes for the Needy x 

Operation Crossroads Africa 

Oxfam-k'erica X 

Pan A.rican Devclopnent Foundation X 

Partnership for ProducclvIty Foundation 

USA. Inc XI 

The Pathfinder Fund 

The Paul Carlson Medical Program. Inc x 

The Peope-to-People Health Foundation, Inc.-

Project Hope 

Planned Pa:enthood Foundation of America. 

International Division of Family Planning x 

Private Agencies Collaboratl g Together, Inc X 

Pro.ect Concern, Inc 

Project Endeavor 

Research Corporation 

Sudan Interior Mission 

Tachnoserve, Inc x 
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APPENDIX 

RESPONSE TO VISIID Fnk 
OII0ANIZATION MAILED QUESTIONNAIRE Il-IlIII__III., 

Unitarian Universalist Scrvicc Co,,ttee 

United ChurchBoard for World Ministries 

The United Presbyterian Church In the USA 

Volunteers InTechnical Assistance X 

World Education, Inc X X 

World Neighbors, Inc 

World Rehabilitation Fund, Inc X 

World Relief Committee Incof the National 
Association of Evangelicals 

World Vision Relief Organization 

Young Men's Christian Association-US 
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PROPORTIONS FOR MANUFACTURING IN
APPROPRIATE FACTOR 


LESS DEVELOPED COUNTRIES: A SURVEY OF THE EVIDENCE
 

White,* Princeton University)(By Lawrence .. 

I. Introduction 

The question of apnropriate factor proportions in LDCs has emerged 

as one of the most important development problems of the 1970s. High end 

risinh rates of unemployment inurban areas pose major political and economic 

problems for LDCs. Simultaneously, employment in manufacturing is frequently 

growing far more slowly than the growth of manufacturing output. The high 

capital intensity of LDC manufacturin. is frequently cited as the cause of
 

these phenonena. Capital-labor ratios for new or proposed industrial projects
 

in LDCU are frequently $15,000 or more per worker, and facilities in the
 

high as $200,000 per worker (Morawts, 1974).aspetrochemical industry can run 

We shall argue below that the connection between urban unemployment, slow
 

Perowth of manufacturinq employment, and high capital-labor ratios isnot
 

simple as may appear at first glance. But the high and clearly in­

aporopriate capital-labor ratios frequently found inLDCa are nevertheless 

a genuine and important economic problem. 

A critical set of questions can and must be asked about these 

as 

high capital-labor ratios in LDC nufacturing: Are they necessary? Or 

are there efficient alternatives for LDCs which are more labor intensive 

and hence more appropriate for LDCs? What evidence isavailable on this
 

point? If alternatives are available, why have they not been utiliged? 

Ifalternatives are not currently available, what are the prospects for
 

(114)
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creatin then? W4hat are the best ways of creatinR them? What do we 

know about the processes and institutions concerned with creating new 

technoloqy, especially in LDCo? 

This paper will provide a non-technical review of the available 

evidence that can @had light on these questions. Other survey. or sum­

mrlee that deal explicitly with or touch upon the problem of appropriate 

technology for LDCs have appeared in recent years by Turuhan (1971), 

1idker (1971), Jackoon (1972), ?oravets (1974), Acharya (1974), Edwards 

(1974a), Bruton (1973), !estphal (1974), Broun and Usei .(1974), OECD 

(1975), Cline (1975), and Bhalla (1975a, 1975b). But the amphsis of 

each is comewhat different, and none has focused primarily on the evidence 

cozernnr factor p:oportion* and appropriate technologies in manufacturing. 

Thjt will ba the mjor task of this paper. 

The resmindir of this paper will be organized ao follows: 

Section II will provide some heckground by sketching briefly te patterns 

thut many economists would expect to characterize a well-ftmctioning, 

healthy, growing LDC economy. Against this background, the phenoena of 

high urban unemployment, laging manufacturing eployment, and high capital­

labor ratio: can be put into proper perspective. 

Section III will briefly summrize the a priori argu.ets con­

cernJng the absence of choice in efficient factor proportions and then 

will offer a au1Vay of the available evidence. The evidence will Le 

organized anound three headings: econometric evidence on the clastLcity 

of substitution of capital for labor: engineering or prccess eaaliveu of 

the elasticity of substitution and the availability of choice; and sneedotal 

evidence. In addition, separate attention will be given to comparison of 
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large and smll firma within LDCU, since many observers feel thkt thae 

comparisons shed valuable light on the question of choice* to the opport­

unities for the use of used machinery, as a mans of efficiently lovnizg 

capital-labor ratios for LDCS. and to the evidence concerning multinational 

corporations and whether they do or do net alter their factor proportions 

in LDC@. This section will also explore the evidence on relative saving 

rates in LDCs, since this is mometimes used as a justification for capital 

intensive methods. And itwill examino the possibility of gainiag more 

approprIato factor proportlons by encouraging more appropriate product 

ch.,ics in 'Ars. In this author's opinion, the evidence Indicates sub­

stantll poist-SiJitien for labor-capltal substitution. both among prceeses 

acd nowu. pro-uc~ta, pArticularly when the paosibilities for International 

trade are ,acInledged. MJore appropriate factor proportions are currently 

featlibla. 

Seccion IV then briefly examines the evidence concerninS the 

rtansna qAiycurrently feasible appropriate factor proportions are not 

chopean. Inzpprorriate factor prices and the absence of competitive markets 

(04,ch al.owa the ncn-optimal instincts of the engineer to prevail) are im­

portant ccses. 

Stetlon V explores the possibilities of developing new products 

cnd rroceaqzs in LDCs, to wide, the range of technological choice and to 

ircrca a tile m rducti-vity of all. resources over time. This usually falls 

ir.t, the cateory of research and development. Even in devplcpAd cc-mtries, 

the sysrqratir ev~dence concerning RD Is quite limited, and the LDC 

evidinco is cu.'siderably more restrictcd. The available evidence Will be 

discussed and &nalyLed. Attention will also be given to the role of researcb 

institutes, multinational co r6.rations, and patent systems in creating nev 
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knwledge and traoaferrins existinp knowledge from the developed coutriLe 

to the LDCs. 

Section VI vill offer sow conclulons fren this survey. 

Before proce-sing furtebr, we should offer a taw definitions 

that may clarify the discussions in the fol € io.g sections. By a 

"tacbeloa' we will man all of the haovu efficient ways of producing 

a product or prncess.I Thus, in a favorable case there ay b* many 

efficient n.pi.tal-libor embiatinaa encopassed within a mnw tcchnology, 

and Latter fa'.:or istiliration for LL"Cs ,ld 0017 rcquire aLwtia to the 

lovs. -- ratios 'thin n Wipital-lWhor the kaou technology e m %bi &vtvUanoc 

01. "Aich Steti.on III lerraly focuass. lu .r. ,1i.avolprA. caC, t;sA WAv 

lV rly %ue c.urrotly known feasible fattor rptLo (uzually cari4a 1 "ntsosLv), 

aa'4 wto .%An:e factor coWmrimsons for 1A.W 41X1 bave co be anwly 

dctnovered. This would be considered to be ncv technology (an wouid, rf 

ceuase, tLo diwr.overy of nev production procecess that were Wri OlCicimat 

i, ualn less of all factors to product a unit of output)- tbL to the 

eubact of Fection V. The quest for appropriate factor ;roportlons for 

ilrm, then, in'ludos both efficient changes g.cthin known technologies mud 

ths dtwcoerT of nw technologies. 

Fi"ally, by "appropriate.' eman factor proportions that are 

.-,.igy ta lizr. with the overall factor ovailabltities in an ecoiw). The 

.ovv tls. I.Dd'. tlie les capital (phybical. and humn) relativo t4 labor 

vi e&xbct t* .±,J., and, hence, the mr. l.4or intensive tb- "cipproprvste" 

fa-ovr ?ropotin- smuld be. 2 

http:Steti.on
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LOC and the Inappropriate
i. 	The 'Wll-10ctiOnfin 


lactor proportions ProblS
 

an LDC which starts, -for bateveT reaSo, with 
Let us i"aLine 

con­
of physical capital and human capital per capita and, 

law levels 

techoloY.sequently, 	 low capabilitie of asssiltifn BoUS Podt 

and factor mAkkte could 
ievgtless, product

capita Income will be 'low. 

the (very limit"') Mawustand allocating
still be operatlnR coetitivelY 


3 In relative

Since umskilled labor Is 

in an efficient fashion.abo.dane wouldof rsoupcesits wage be relatively low. With trained skills In relativelY 

of various kinds would be 

short supply, the premlum 
for skilled labor 

h. h
 

relatively bhih. 5lmilarly, relatively scarce Capital 
would carn 


snetme that th'i 
ang sectors would 

ari mobility
return. Comptitilon 

In all. sectorswere the aaa
eidl.s, and phyoics1 capital

rotinh to labor, 


The relative proportiOns of labor, skills and 
physical
 

of the economy. 
saro different
 

sectors of 	the sconomY,In allnot be Identicalccpital would 
more capital

Thus, sov8 sectors would be 
have different technologies.sectors 

reasonable opporttities for
 as there were 
intensive than others, but-as long 

factor substitution, there would 
be no problen in manufacturing 

full*exploy­

inducesnt of all factors.	 and to physical capital would 
The high returns to skills 

saving and investment. The increased physical capital would be used to 

at 
to the labor force (relecting 

ppulation growth) 
equip new additions 


levels
 
leels and also to raise tbose 

prevailinlg capital-per-worhe 

The rising levels of capital per 
capita would gradually taLe 

generally. 
rise compared to the 

Wages for unskilled labor 
would 

per capita incomes. 

skills and physical capital.
abundantthe now relatively more 

returns to 


tend to keep wages and returns 
equal 

Again, copetition and mobility would 

skill levels would Increase 
the assimilatiou 

across all sectors. Rising 
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of &dveW tecmhlSY. raising /ncmmYst further. And the e&lWtas
 

to hen sad physicl capita 
would tend to be spread uniformly amos 

sectors, although differences in technologses and in hum; abilities ad 
proclivities would rule our complete uniformity. Apa, 1wepetition would 

ensure this relative uniformity of the additions. 

TE pattern of expansion of various sectors of the econoew
 
(o.g.. nnufacturing, agriculture, services, etc.) 
 would depend on the 
pattern of tastes with rising incomes, on technologies, and on the possibi­
lities for International trade, We would expect to see manufacturing grow 

faster then the overall economy until high Income levato were reached. 

Let u now focus more closely on the mnufacturlug sentor.
 
WSigeo , maufacrtitc.in (corrected for the. cost 
of living) vvu:d tan to be 

vr.o or le@5 equal with wnes in other sectors of the econozy. lierwass 
in the sount of capital per worker - capital depening - woild take 
place relatively gradu lly, at a pace basically consistent with t's capital 
deepning taking place inthe rest of the economy. Ifserious uneployment 

were somehow to appear, two effects would follovs There would be downward
 

pressure on wages, 
 and the process of capital deepening would teporarily 
halt until the unemploynent had dioappeared. It would be less profitable 
to add more capital to existing workers (because of diminishing returns 
to cepital) Loan &oequip new workers (from the ranks of the unawloyed) 

at eisting capital-per-worker levels. 

Finally, as umnufacturi g output rose, we would expect muou­
fncturIng serloyiuot to rise less rapidly, even in this well functioning 

econor/, for three reasons: 
 the gradual physical capital deepening, 

gradual burn capital dacpenin and technological cbange. All three would 

http:maufacrtitc.in
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raise the output per worker, and hence cause employment, growth to lag 

behind output growth. A rough estimate of this Increased productivity
 

factor would be 3Z. 5 Thus, 
 if overall manufacturing output were growing
 

at a rate of 8Z, we would expect employment to rime by only 5Z. Only if
 

there were unemployment (so that capital deepening did 
 ot occur), no
 

increases in kill levels, and 
no technological change (or only labor­

augmenting technological change) would expect employment
we to rise as
 

rapidly as output.
 

With this as background, we can now see the connection between
 

urban unemployment, 
 slow employment growth rates, and capital-intensive
 

manufacturing establishments. As we have just argued, the lag of employ­

ment growth behind output by itself is not cause for concern. It is the
 

existence of a differential in growth rates in the presence of substantial
 

urban unemployment and (even when open unemployment is low) the existence
 

of differential@ in excess of roughly 3Z that are causes for concern. 

Nw manufacturing projects requiring $15,000 per worker In investment, 

when the current average capital per worker is less than one-tenth of that, 

again Indicates that the economy is not functioning !n the smooth manner 

of the model. 

Finally, the relationship of urbcn unemployment to these problemas 

needs to be clarified. Hany economists have come to believe that the 

large real wage differentials between the urban modern sector and rural can explain much of the urban unemployment.

areaW. Workers from the countryside are willing to migrate to the cities 

and sustain periods of unemployment, in order to get the chance to get a 

high wase job. 6 The high urban wages are non-competitive, in the sense 
that the unemployment pool would otherwise drive them down, but a combination 
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of legal minimum wanes, union pressures, government required !ringe 

benefits, and other government pressures keep the wages high. If this 

view of the urban unemployment problem is correct, 7 then the high capital­

labor ratios in manufacturing, while not helping greatly in solving the 

problem, are not d- .ctly responsible for it. (To the extent that the 

high wages discourage the use of labor intensive processes, the high capital­

labor ratios are another consequence, along with unemployment, of these high 

wage policies. See Section IV.) Even if lower capital-labor ratios 

prevailed8 and employment Rrew faster, the unemployment would persist as 

long as the urban-rural real income differential persisted. Only if mu­

facturing employment grew fast enough so that enough people pulledwere 


out of the countryside so that Incomes in rural areas rose close to
 

urban levels, would the unemployment problem disappear. Thus, the high 

capital-labor ratios for new manufacturing in the face of high urban un­

employment can be seen as an indication that the system is not functioning 

properly, but the former cannot really be seen as a cause for the latter. 

Finally, it may be instructive to see the direct effect of high 

capital-labor ratios for new manufacturing projects. 9 Let us suppose that 

an LDC has a per capita income of $500. The country has a current population 

of 1,000 (for easy computation), growinn.at 3% per year. Current GNP is
 

1 0 $500,000. If the country is investing 18% of GNP, perhaps 

12Z would be availablh for net new investment (the remainder covering the 

replaccment of older, worn-out capital). Thus, $60,000 would be currently 

available for net new investment. With a population of 1,000, the labor 

force will be around 400. Average capital per worker in the entire 

economy might be $1,000. If the labor force to also growing at 32, 12 
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workers wil be 64ded to the labor fcce. 

wUovsuppose ti.t now msnufacturing projects require a relatively 
11 

high capital-labor ratio -- say, $15,000 per workar.4 The available 

Invautsmat funds would only stretch as far as equipping four nem workers; 

i.e., only one-third of the now workers would be equipped; the reminder 

would have no capital with which they could work and presumably would be 

,unemployed or underemployed" Of. if we could equip all of the new workers 

at the prevailing $1,000 capLA per worker level, we would have fumnds 

reminnq to provide only three and one-half workers with the capital 

intensive manufacturing jobs. Thu. If unduly capital-Intensive maufacturing 

processes are chosen, not only will capital deepening fail to take ple 

moug the ezisting labor force but at best only a quarter or a third of mew 

entrants into the labor force can be provided with the high productivity 

capital intensive jobs. With only a small fraction of the overall Labor 

force benefitinq from the now investmt, a small industrial labor elite 

may well develop. 12 And, if there are efficient iow capital-labor alter­

natives so that the now investoent could be more or less spread over the 

entire labor force, overall output and income would be hiber in this 

latter case, because of the diminishing marginal productivity of capital 

when it,-is all concentrated on a few workers. Thus, though the high pro­

ductivity from high capital-labor ratios is the eventual sol of ecomoic 

development, the efficient path to this ,loal Is gradual capital deepeaBt 

for all rather than sharp capital deeening for a few. 

Hieh capital-labor ratios, then, clearly pos serioue ecamia 

(and social) problems for LDW. Dut are there efficient alternatives, or 

are the high ratios a problem that LDCs must live with until altumtive 

technologies are devised? It io to that evidence that we now turn. 
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l1. Alternative Favtor Proportions: The Evidence
 

The belief that capital intensive manufacturing processes 

Wlpr to those found in developcd countries are the correct ones for 

to have been very strong In the 1950s and 1960., especiallyCs appears 

engineers and even by some economists. The major argument In. favor of 

lem was that they were simply more efficient than any sore labor intensive 

wan claimed, would always use more laborternatives, the latter, it 

per uit of output than vou.d the process with the high
md capitalsore 

1pital-labor ratio. Thus, thou[h alternatives might exist In a technical, 

roae, they would always be found to be inferior. Statements to this 

of Nicholas Kaldor (as reported bythe comments 

hAy (1971). and 

'fect can be found in 

binson 11965, pp. 28-291), Amin (1969), Barber (1969), 

MCLA (1970). This could also be characterized as a belief In fixed 

since the efficientto factor substitutability),roportione (as opposed 

countries. 
actor combination is fixed at the proportions found in developed 

of efficiency with "productivity" (i.e.,The identification 

groups and productivityibor productivity) by many international study 

Lesions in the 1950a and 1960s helped contribute to this view. 1 2 Though 

to pure Inefficiency (e.g., bad)w labor productivity could be due 

etc.), it cou'dsnagerial supervision, bad organization of work tasks, 

of labor with low levels of capital
Iso be due to the efficient conbination 

productivity with efficiency
n poor countries. The confusion of labor 

ratios would be associated with efficiency.
cant that high capital-labor 

that efficient alternativesAnother strand of argument has claimed 

some processes but that the alternatives are limited and
Ight exist for 

are faced with little or no alternatives 
once In practical terms most LDCm 

82-905 0 - 77 - 9 
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to hlah capital-labor ratios for most nanufacturing processes (Stowart.
 

1972: 1974). Others, like laraneon (1969b, chs 2.3: 1972) and Strasman
 

(1968, pp. 93-102, 135-157) have argued 
 that high levels of mechanization 

are necessary to ensure high levels of quality (e.g. ,tin machined products) 

or can substitute for msnagerial skills in organizing and supervising 

workers, skills which are even In shorter supply in most LDCs then is
 

capital (Hirschman, 1958, ch. 8).
 

A completely different line of arguaent favoring 
 capital Intomaive 

technologies has rested on alleged saving and reinvestment rates by
 
different economic groups. 
 As argued by Galenson and Leibenstein (1955),
 

capital Intensive technologies would man high returns 
to capital, and
 

capi'Al owners 
 have higher saving and re-investment rates than workers.
 

Hence, even though there night be 
efficient labot Intensive methods
 

available, capital Intensive methods 
 should be chosen because reinvestment 

would be greater and the pace of Industrialization vauld proceed faster. 

This argument clearly hinges on empirical evidence concerning savings 

rates by different groups, a topic to which w shall return later in this 

section. 

We now turn to the'evidence, In one saenes It Is easy to provide 

evidence that developed country capital-labor ratios are not the only
 

alternatives available. A tlance at any LDC IndutrLal census which 

contains capital data will reveal capital-labor ratios that are usually 

a third of those In the U.S.,14 and this is In spits of the fact that LDC 

rates of capacity utilization are usually below that found In the U.S., 

thus raising the LDC capital-labor ratios above what they would be with 

better capacity utilization (and hence more labor employed). But a 
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believer in, the superior efficiency of capital Intensive methds would 

probably, not be convinced by this kind of evidence. He or she night w2 

LDC mothods are nlufficlent (old, antiquated, impropely,argue: that the 

of otherwise officient;, capital
conceived) and/or that the over-smng 

equipment Is occurring becauso of employment presures in LDCs; pro­

,ar buffer then Inefficint production unitstectionist policies In 

from more efficient copetitioo from internal external sources. Oroor 

they might arque that the LDC nothods are officiant only for the Mal si 

could be produced more efficiently
of the LDC markets and that larger volume 

This seals argumnt is one that we 
vith mre capital intensive mthods. 

a sore systematio investigation the
shell return to below. Accordingly, 

just a casual perusal of LDC industrial cemmuses t needed. We shall :, 

six kinds of evidence:D econometric Investigation of the elastiity
discuss 


of substitution betwm labor and capitaleaginsering or process analysis
 

v i d e 
evidance on substitutioa

of substitution possibilitsanrcdotal 
nce
 

on the use of used
versus mall fitrms(vidnceconcerning big firms 

multinational corporations. Evidence
machinery; and-vidence concerning 


on savins rateo and hence the desirability of captial intensive mthods.
 

And the question of
if they are not efficient, will be reviewed.een 

insubstituting mere labor-intmnive products consumption will also be 

discussed. • 

(j) _- rict inv estmtion of factor subtitution 

been a large number of efforts to use LD data,There have nov 

the deree of sub­
usually from industrial cOnuses, to try to measurs 


and labor. All of. the efforts Involve

stitutability between capital 


masure the elasticity of substitutim i... the .perentage
trying to 
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change' in the capitnl-labor ratio in respoase change into a the, factor-*,
 

price ratio) In A Constant-elasticity-of-substitution production f m 
tt" 

6inv6l1V¥ -'capitaland labor. Since the CES, production function is M­

liner and -cannot' be estimated through ordinary least-squares estiMatin. 

techniques and since date on capital is frequently not available or not
 

considered reliable, an Inuirect method is used. 
 If the logarithm of 

output per worker is regressed against the logarithm of the wage, the 

:coefficient on the latter variable is an estimate of the elasticity of
 

substitution. 1 7 Most' studies 
use this form. (Some of the studies use a
 
formulation,


direct demand for labor/ in which labor is regressed against the mgee,
 

output and other variables.) A few regress the ratio of output-capital 

ratio against the return to capital (both In logarits) of the capital­

labor ratio against the vee alone or the ratio of the wase to the return 

to capital (again in logarithms) to provide alternative estimates. These.,
 

setimtes have been rado for the whole of manufacturing In single countries
 

and for individual sectors within manufacturing, for both time series and 

cross-sections, and for cross-sections for sectors across different countries. 

Table I lists the countries, the empirical studies, and their dates of 

publication." As can be seen, a wide variety of countries have been covered 

by these studies. 

It is difficult to characterize the results of these studies. 

The estimates of the elasticity of substitution are, with only a few 

exceptions, positive, indicating (if one accepts the methodology as valid) 

that efficient factor substitutability is possible and that the fixed 

proportions view of the world is incorrect. The esatites- tend to- cl.mp 

between 0.5 and V 2. -but sos studies find ,values appreciably above and 
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Table 1: 	 Econometric Studies of the Elasticity 

of Substitution of Labor for Capital 
In LDCa 

International cross-section 

own (1969) 
Bruton (1972a; 1972b)
 
Courtney and Leipzsiger (1974)
 
Daniels (1969)
 
Dlaz-Alejandro (1973) 

Argentina 

Bruton (1972b) 
Eriksoon (1969)
 
Katz (1969)
 

Brazil 

Bruton (1972b)
 
Erikason (1969) 
Tyler (1974) 

Chile 

ehrman (1972) 
Bruton (1972b)
 

Colombia
 

Bruton (1972b)
 
Erikemon (1969) 

Costa Rica 

Erikeson (1969) 

Dominican 	Republic 

Bruton (1972b)
 

Egypt
 

Abed (1975) 

Ghana
 

Leith (1974)
 
Roamer (1975) 

Greece
 

Bruton (1972b) 

India 

Bruton (1972b)
 
DLvan and Damodar (1968) 
Sethumnn 	.1971) 



Table I (continued) 

Iran 

Bruton (1972b)
 

Isreal 

Bruton (1972b)
 

Janaica 

Tidrick (1970) 
ULlliamn (1974) 

Kenya 

Harris and Todaro (1969) 
House (1973) 
KinR (1972) 
Uaitha (1973) 
Senga (1973) 
Weeks (1974)
 

Korea 
Bruton (1972b)
 

Malaysia 

Bruton (1972b)
 

Mexico 

Bruton (1972a) 
Erikeson (1969) 
Ibieter (1971)

Vitte (1973)
 

Nigeria 

Oyelabi (1971) 

Pakistan
 

Ahmed (1975)
 
Husain (1974) 

Pansm 

Peru
 

Bruton (1972b)

Clague (1969)
 
Witte (1971)
 

Philippines 

Bruton (1972b)
 
Slcet (1970) 
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Table 3 (continued) 

Villisson (1971a) 
WillimUon (1971b) 

Puerto Rico
 

Reloolda (1965) 

Southern Rhodesia
 

Bruton (1972b)
 

Turkey
 

DemirIgl. (1971) 
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below these values. Cross-section studio tend to find higher elasticities
 
studios. 

than do tic. series / /.n el:a.ticit. above 1.0 Implies that not only 

will a fall In wages induce an Increase in employment (an labor ts sub­

stituted for capital) but also that labor's share of output viU Increase. 

There will also be an extra effect from the added demand for the final 

product due to the fall In price induced by the decrease in wages. so that 

the total wage bill can increase even if the elasticity of substitution Is 

below 1.0. 

The problems - in conceptq, data, and econometric technique -­

have been reviewed by Nelson (1968), O'Herlihy (1972), Morawetz (1974).
 

Acharya (1974), Gaude (1975), and Morawetz (1976). The data are bad, the 

CES form may not be the correct one, the time series studies may not in­

clude lags properly, the profit maximization assumption may not be a good 

one, the assumption of competitive markets is surely not true, all 

firms may not be using the same technology, the cross-country studies may not
 
correct exchange rates,
 

use the /the cros-section observations (especLilly across countries) may 

not be using comparable industrieo, the level of capacity utilization is
 

usually not held constant, all labor and all capital are assumed to be
 

uniform and to be the only factors of production, to name a few of the
 

19
problems. It is easy to be sceptical of the results. Pack (1972),
 

for example, has argued that the time series regressions may well Just 

be showing that value added per worker increases as capacity utilization 

increases and simple technological improvements occur over time and that 

wases Increase as workers succeed in capturing some of that increase in 

productivity. Thus, rather than showing a causality between substitution 

away from labor and wages, the regressions may be showing a reverse causality 

between wages and increasing productivity.20 Cross-section regressions 

http:productivity.20
http:problems.It
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may be capturing a similar eaOfct, as could the regressions using capital­

labor ratios. And Morm-etz (1976) has shown that there Is little consistency 

amonq the cross-section sttidic, in their ranlLngs of co-inn industries by 

estimated elasticity of substitution. 

Leaving aside, then, the data and econometric problems which 

are always present to a greater or lesser degree In any empirical work, one's 

evaluation of the worth of these regressions does hinge crucially on how 

one views the causality between wage@ and capital-labor ratios. If one 

already believes that capital-labor ratios are efficiently flexible and
 

that entrepreneurs do respond to factor price incentives, then the results 

of the regression do provide support for this view: making labor more 

expensive and capital cheaper tends to cause factor substitution towards
 

greater capital intensity. On the other hand, if one believes that efficient 

factor proportions are more or less fixed ( and that observed differences 

are largely due to random elements or to pressures to increase employment)
 

and/or that wages respond to higher levelp of productivity, then the 

regressions may not support the claim of substitutability. In this author's 

view, both effects are probably occurring, and the econometric evidence 

probably does give soes support for the position that efficient labor­

intensive alternatives for manufacturing exists. But this is probably more 

an act of faith than a hard conclusion from incontrovertible evidence. The 

believers in fixed proportions are unlikely to be convinced. 

(2) Engineering or process analysis studies. In these kinds of 

studies, researchers investigate individual manufacturing processes or, 

individual products. The Investigators usually use engineering or other 

technical infornation to determine the inputs necessary to produce a given 
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volumse" of products (or to procr.sh a given volume of manufactured items). 

A principal part of the investigation is to see if there are alternative 

means of productng that saris volunie i.e., if more workers and fever 

machines (or, more usually, sinler and cheaper machines) can produce the 

same volse an fewer workers and more machines. This Is, of course, the
 
21
 

heart of the substitutability question.


Table 2 lists the products and processes for which these studies
 

22 
have been done. The list is not lonE, but an important result does 

emerge from these studies: Factor substitutability does seem to be quite 

possible, and the differences in factor ratios'can be quite substantial. 

Timmer's (1975) study of rice milling and marketing systems found four 

efficient alternatives, of which the most capital intensive required 

$65.000 investment per worker end the most labor intensive required $700
 

per worker. The ECLA study of cotton textiles reported by UNIDO (1969, p.
 

44) showed a choice of efficient techniques ranging from $6,600 investment 

per worker to $21,500 investment per worker; Pack's (1974) study argues
 

that the lover limit is closer to $1,100 per worker. Further, Pack (1974) 

was able to relate the efficient factor combinations observed in operation 

to the wage rates and returns on capital also present and thus to calculate 

elasticities of substitution. Of six industries observed, all had positive
 

elasticities of substitution, and five vere abcve 1.0.
 

Of course, not all technically efficient factor combinations, 

even labor Intensive ones, wold be economically efficient for MDs. Just 

as a factor.combination could be too capital intensive, it could also be 

too labor intensive, For example, suppose that a given volume of output 

can be produced with one worker and a $10,000 machine or by 100 workers 

http:procr.sh
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Table 2: EnjincerI/r and Process Analysis
 

Studica Relevant to LDCs 

Textiles
 

Ehalla (1964)
 
Hewvitharna (1970)
 
Pack (1974)
 
Pack (1975)
 
Sen (1972, Appendix C and D)
 
MNIDO (1969, p. 44)
 

Grain illing 

Bhalla (1965)
 
Pack (1974)
 
Timer (1975)
 

Bicycles
 

Pack (1974)
 

Paints
 

Pack (1974)
 

Tires
 

Pack (1974)
 

Sugar 'fanufacturing
 

Baron (1975)
 
Hawavitharna (1970)
 
Pickett at. al. (1974)
 

Jute ProcessinR
 

Cooper and Kaplinsky (1975)
 

Can ,ianufacture
 

Cooper, at. al. (1975)
 

Cement Blocks 

Stevart (1975) 
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Table 2 (continued) 

Coir 

Hewavitharna (1970) 

Metal Working Processes 

Boon (1964" 1975)
 
Morse and Staler (1965, pp. 213-219) 

Wood Working Processes 

Boon (1964)
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and P $9,900 machine. The latter combinntion is technically efficient, 

since it does involve a tradeoff of labor and capital. But only if one 

was sure that the opportunity cost of labor was zero would the latter 

option make economic sense. In fact, however, in virtually all cases, at 

rates for LDCs, labor intensiverealistic opportunity coat wvale and interest 

LDCs do notor intermediate alternatives are econovcally sensible. 

appear to be limited to current developed country capital intensive 

methods. 

There are some limits to these studies and some unanswered 

First, the question of economies of scale and.whether
questions, however. 

optimal factor proportions chang tith scale is examined only by Boon 

They find that there are appreciable(1964- 1975) and by Stewart (1975). 


many metal machining processes and in cement blockeconomies of scale in 

making, and that capital intensive methods are necessary to capture the" 

at low volumes, there are efficient alternatives. andeconomies. Thus, 

relative wage and interest costs should 	determine the proper technique.
 

slowly, so that unit costsAs volumes increases, input levels vrow more 

fall (for any wage and interest rate), but this happens to a greater 

degree for capital intensive processes. At ver high volumes, the capital 

wase or interest rate it makes 

the capital intensive processes. The lower the 

intensive processes dominate so that at any 

economic sense to choose 


it makes sense to switch
 wage, however, the higher the volume at 	which 


intensive processes.
from the labor intensive to the capital 

favor capital intensive processes
Yhy economies of scale should 

of technoloSical nature for the
is uncleart it just seems to be a fact 

To what extent can it be Beneralixed?
particular processes investigated. 
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14ost of the Investigators of product technology do not mention it, and 

it seems Likely that this is a phenomenon restricted in significance to, 

only so=e of the processes thit ro into manufacturing a product , like 

metal tInishin., and flow proceases nvolvine jliquids, gSLn o. and containers 

like petroleum refining and chemical production. The Importance of 

setting-up costs for a production run or of the surface area and volume 

relationship of containers 2 3 dominate here., For other manufacturing 

processes, scale effects seem likely to be such less important. (This 

appears especially true of the peripheral activities metioned in the 

next section.) Clearly, though, much more needs to be kown about the 

relationship between scale and factor substitutability.' 

For a product that does embody significant scale effects, LDCs 

face a dilema. 2 4 The smell merket LDC can achieve appropriate factor 

proportions but has high unit costs (but, it must be ephasizsed, the 

LDC would have yet higher unit costs if it switched to the capital 

intensive uethod) the large market LDC has lower unit costs but high 

capital intensity. 2 5 Only research leading to now technologies that 

would decrease the importance of scale affects or have them apply squally 

to labor intensive methods offers a way out of this dileema. 

' I A second open question in theme studies is the problem of 

quality. Are capital intensive processes necessary to ensure high quality? 

Stewart (1975) argues that this 'is the case for cement blocks. , The other 

studies though, either claim that quality need not be affected by technique 

or neglect to nention the problem. As noted above, other observers, like 

garanson (1967. 1969b,1 cha. 2 and 3, '1972) and Strassemnn (1968, pp. 93-102, . 

155-157) argue that, particularly in metal finishig processes, nchines 
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can substitute for skilled labor and foreman supervision in ensuring a 

high, uniform quality standard. Again, wo need to know more in this area. 

Finally, on this laut point, there are other inputs into the 

production process, and the process studies do not tell us mough about 

them. Baron (1975) and Pack (1974) do account for the differential 

efficiency in the utilization of raw materials of different techniques. 

Unfortunately, it is difficult to tell if this is a serious problem 

generally. Further, is the argument that mechanization is an efficient 

substitute for management supervision skills valid? Unfortunately, there 

is only one piece of quantitative evidence on this point. Clague's 

(1970) study showed that the overall efficiency of Peruvian industries 

relative to that of comparable U.S. industries increased an capital 

Intensity increased: machine paced processes seem to offer less latitude 

for labor inefficiency. 2 6 The engineering and process studies have not 

thus far been able to quantify this, and so it must reain, with the 

exception of Clague's study, largely an open question. Pack (1972; 1976) 

argues that good management is also needed In order to recognize the 

possibilties for labor-capital substitution and to do the necessary 

innovations to adapt equipment rather than just accept completely the 

sales pitch of the traveling capital goods saleman from the U.S., Europe, 

or Japan. But Pack (1975) reminds us that high levels of mechanization 

will require the repair skills necessary to repair the complex modern 

machinery, and these are usually as scarce in LDCs as the management 

skills that the machines are supposed to replace. The repair skills to 

handle simpler machinery, however, usullyareA in greater supply. 
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In all, the enrinemrln" and process analysis studies do
 

provide powerful deinstrations of the feasibility of labor intensive
 

methods and are 
probably more convincing than the econometric studies
 

of the previous section, but there are still the difficult questions of
 

scale, quality, and skill substitution. 

(3) Anecdotal evidence. Under this category we group studies 

that report examples of labor-capital substitution but do not offer
 

precisely quantified astimates of 
 the frontier of efficient combination
 

in the way that the engineering studies do. 
 These reports can neverthe­

less offer useful insights in the production processes.
 

Fei and Ranis (1972; 1975) and Ranis (1957; 1971; 1973; 1974;
 

1975) have documented a number of ways whichin labor could be efficiently 

substituted for capital. 
During Japan's early ndustrializetion, when wages 

were comparatively low, machinery in textiles and other industries were 

run faster and more intensively (extra shifts); this meant more frequent 

halts for repair, but repair was a labor intensive activity. The overall 

effect was greater labor intensity and grelter efficiency in the use of 

all resources. Thus, even in processes in which mechanization was necessary 

for quality reasons, double and triple shifts greatly decreased the over­

all capital-labor ratio. Greater wasuse made of older, used equipment 

from the West. Raw material inputs were modified so that more labor 

intensive processes could be used. Ranis reports that similar capital­

stretchinpg,labor Intensive techniques are currently being used in 

Korea and Taiwan In textiles, electronics, woodworking, and other Industries. 

He further points out that even for products in which there my be 

technical rigidity in some main production processes, there are-always 
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peripheral processes like materials handlin!, and packaging, which
 

Cnn he donu effluluntly wiLl, Ih,I.r lutensivo mettwlnq, so th'lt the over­

all production of the prnduct still has scope for labor-capital sub­

stitution.
 

Similarly, Pack (1972:1976).reports examples of labor-capital 

substitution in consumer goods manufacturing in Kenya. He too notes the 

possibility of factor substitution in peripheral activities, but also 

notes quality problems: human handling of fruit inputs into food manu­

facturing may lead to higher rates of spoilage or breakage. He also notes 

a scale sensitive process: container filling. At high rates of volume, 

some container fillin processes would be worth automating regardless of 

wane levels. 

Other reports of LDC production processes that are more labor 

intensive than those of developed countries include Strassman (1963; 1968, 

ch. 6), Pherresen (1971), Sharpston (1973), ILO (1972b, pp. 141, 446-450). 

Wells (1973), Boon (1975), Baranson (1967, pp. 59-62; 1969, pp. 4-7). Mason 

(1970), and Armas (1973). But are the adaptations efficient? In virtually
 

all cases, the researchers report that the greater labor intensity has taken 

place in response to the lower volumes and/or the lower wage of the LDCs. 

This kind of response (as opposed to, say, a report that greater labor 

intensity seems to have occurred at random) does tind to support the notion 

that these are efficient adaptations. Also, Ranis' examples include firms 

that were facing substantial competition, either Internally or In export 

markets; again, there is a presumption that this would tend to be forcing 

efficient adaptations. Finally, Ranis, Pack, the 1I, and Strasmann con­

nect the adaptations with good, flexible management" again this argues for 

82-906 0 - 77 - 10 
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efficient adaptation.
 

I The anecdotal evidence then, points in the eane direction as the 
earlier evidence: greater labor Intensity is not only feasible but is in 
fact occurring n LDCa. does,some It however, seem to be closely tied to 

good management. 

(4) Big firms versus smnal firma. It is widely acknowledged
 
that snall firms are more labor intensive than large firma. 
 May clal 
that the smoll firms have adopted this grester labor Intensity In response 
to the different factor prices that they face compared to large firma:
 

cheaper labor and more expensive capital. 
 This kind of response, they
 

argue, shows that it in an 
efficient adaptation and hence that efficient
 

factor substitution is 
 quite feasible. 

But are the smail firms efficient? A counter-argument would rum 
as follows: The small firms my have lover capital-labor ratios, but they 
are inefficient, in the sense that they labor andmoreuse more capital 

per unit of output. than do larre firms. They are still able to uefl good$ 

in the sae market as the big firms, thoug, because their wage costs are
 
so much lover: i.e., 
 because the labor markets are imperfect. 2 8 Hene, 
the grater labor ntensity of the small firms notIs necessarily an 

efficient adaptation. 

The output-capital ratio of the sall firms compared to the large 
firms is critical to decidinq this point. The evidence is mixed: Reels 

(1962a) finds that small firma in Pakistan had higher capital output ratios 

than large firms; 1ehta (1969) finds the same to be true for Indi. as 
does Marsden (1969) for a number of countries. But Dher and Lydall (161) 

find the opposite to be true for India, as does Sandeura (1966; 1969). 
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Unfortunately, truly valid comparisions between large and mall
 

firms are very difficult to construct. Not only must the sae final
 

product be produced by both firms, 
 but they must be vertically integrated 

to the same extent. For example, suppose that large firms produce mere'
 

of their own inputs or do nore 
of their own distribution than do smaller
 

firms. Theae extra activities probably involve different 
 factor pro­

portions than the main production processes that are being compared. 
 Thus,
 

we could observe different capital-labor ratios and different output­

capital ratios between 
 large and small, even if the main production processes 

were identical, and might mistakenly conclude that these indicated differences 

in efficiency. It does not appear that any of the studies cited above
 

have tried to correct for this problem.
 

Overall, then, we can 
learn little from the comparisons between
 

large and small firms. The 
 latter are surely more labor intensive, but
 

we simply cannot conclude anything 
 about their efficiency. If labor and
 

product mrkets were competitive, the mere survival of the small fims
 

would strongly Imply that they were efficient. But, since neither set
 

of markets qualifies as competitive, little can be decided.
 

(5) Used machinery. Second-hand machinery t frequently re­

aommended as a way for LDCs to reduce capital-labor ratios. The theoretical 

argument runs as follows: 2 9 Profit maximizing firms should find it worth­

while to replace existing machinery vyith new machinery either (a) when there 

is enouh technological imporvoment so that the average total costs of
 

output produced by the now machines are below the marginal costs of out­

put produced by old rachines 
or (b) in the absence of technological In­

pruvemeit, when future discounted maintenance costs exceed the price of 
theirthe new machines plus / future discounted maintenance costs. In both 
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set of costs that have acases, replacenent depends oq compurtng one 

heavy labor weight with another set of coats that have a.heavy capital 

element. Thus, a high wage economy wil find it economically rational 

to replace machinery much sooner than would a low wale economy, andlow 

wage LDCs should find worthwhile the purchase of used machines that 

developed countries find mar inal. In the developed country, if there 

is an active market in used machinery, the price of the used machine
 

would have to fall.by enoulh for a developed 

country buyer to find it worthwhile to consider the used-machine as an 

At the LDC buyer 

will surely find the machine sore worthwhile (except for added transportation 

economic alternative to the newmachine. that price, 

30
 
costs.
 

costs), because of the latter's lower 
wage 

The counter argument (often presented by those who believe in 

fixed proportions), is that good markets in used machines do not exist,
 

used machine@ are a very risky proposition, spari parts may not be
 

available, or the machinery is so technologically obsolete that the use
 

of the machines is inefficient compared to new machines. 

What is the evidence? First, it should be noted that organized
 

markets in used nachinery are present in the developed countries. Brokers,
 

catalogues, and trade aseociationseof used machinery dealers do exist.
 
efficiently
 

Second. there Ias, fair amount of evidence that used machinery is employed/ 

inLDCs: Cooper and Kaplinsky (1975) in jute processing; Pack (1975) in 

cotton textiles. Boon (1975) in engine machining; James (1973) in paper 
Pack (1976) in a number of consumer goods industries in Kenya; 

(1968, ch.manufacture: Arnas (1973) in.pineapple canning'/and Strassmann 


6) for a number of .exican industries. Cooper and Kaplinsky do stress the
 

risk element n buying ,used machines, it takes, special skills to be able
 

to tell which ones ar the "lmons." and manufacturers' warranties will 
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no lonner apply. Indeed. all of the studies stress the need for good 

manaltement and engineerin, sl4l 'nq a necessary adjunct to the proper' 

choosing, adaptation,and use of second-hand machinery. 

There is one additional example of an industry in which active 

second-hand markets exist in developed countries, spare parts are
 

available, and technological change has not been rapid: motor vehicles.
 

There constantly are large stock of used cars and trucks available for 

sale in the U.S. and Europe. It is well known that, particularly for 

car., prices depreciate faster than pure utilitarian usage considerations 

Spare parts are usually quite available. And technological
would dictate. 


31 

has been quite slow. It would appear thatchange since World War II 

many LDCs would do well to forego importing new vehicles on attempting 

the domestic production of these vehicles and instead to buy and import 

large quantities of used vehicles (Myer, 1966). Repair requirements 

would be greater for a fleet of vehicles bought used rather than new, but 

there are skills that are present in most LDCs and probably should be 

Parts, if not available, could be manufactured locally.further encouraged. 

Both domestic and foreign exchange resources would be saved for better 

and effective capital-labor ratios in transportation would be lowered. uses, 


Again, the evidence on used machinery does show the possibilities
 

of lower capital-labor ratios.
 

I (6) tfultinational Corporations (MNCs). The NNCs are frequetly 

pictured'as the special villans of the appropriate technology effort.
 

argument goes (Vaitsos, 1975; Stewart, 1973a,1973b;
They are, so te 

Streeten,1972b. 1973), tied to their capital Intensive technology in the 

whatdeveloped countries. That is what they are familiar with; that is 


their product quality and trademark Image is frequently based on. It is
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frequently too riskymad costly for them to try to change their technology 

for LDC conditions. They ignore the possibilities of using local raw 

materials inputs. And, even if they were considering adaptations, they 

frequently pay higher wages than do locally-owned firms and they can 

obtain their capital abroad at cheaper rates, so they would have less incentive 
to adapt. 

The counter argument is presented by Pack (1972! 1976). Ai 

noted above, he argues that good management appears to be necessary to 

recognize and utilize the posslbilitie of labor-capital substitution. 

And the 01C frequently have the best management around. Even if they pay 

higher wages than local firms, their wages are still considerable lover 

than those In the home country, and thus there is a strong incentive for 

adaptation.
 

What Is the evidence? Here we must be very careful in evaluating
 

it. A number of interview an qestionhaesufyJa of HNCs, by Reuber
hughes ann leng o.
 

(1973), Baranson (1971), Yeoman (1968) ,and Gregory and Reynolds (1965)
 

have concluded that only a modest amount of technological adaptation has
 

taken place, and that has been mostly In response to lower volumes, not 

local factor costs. This evidence has been widely cited by those who 

"e the NNC as villains. 

But there Is an interesting paragraph in Boon (1975, p. 270) 

that is wrth recounting at some length. He describes an interview at an 

engine plant owned by an I0C in Mxico. At the beginning of the interview, 

the managmmat asaures Boon that the Mexican plant uses exactly the sam 

technology as that used in the parent plant in the developed country. But 

as the Interview proceeds and Boon tours the factory, it becomes clear 

that In many respects the factor proportions are different. The main 
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mar.hinery processes are automated, but second-hand equipment is usd. And 

all of the auxiliary processen, like packaging, handlinR, transporting and 

storing, are done much more labor Intensively. Perhaps interviewers get 

told what the interviwees think they wish to hear, or what the interwibvees 

wish to believel
 

Contrary to these surveys, it appears that any researcher who sticks
 

his head into an MNC facility in an LDC and looks around in likely to find 

substantial adaptations of capital-labor ratios, particularly in auxiliary
 

processes. This is the case for Boon (1975). Pack (1972. 1976), Barenson 

(1967i pp 59-62); Strassmann (1968, chs. 5 and 6), Mason (1970), ILO (1972b, 

pp. 446-450), T.Yells (1973), Reans (1971, 1973, 1974, 1975),(1973), and Armas 

Helleiner (1973a; 1973b), and Haerresen (1971) find )WCs adapting to labor­

intensive processes for export processes. Hot all MNCa adapt. Pack (1972) 
a 

does cite an example of/home office insisting that more capital-intensive 

processes be maintained, even though the branch manager recognizes that the 

And not all of the 4ImCsinlabor intensive methods would be more pro ?.table. 


Strassmann's sample adapted their technology. But a higher fraction of the 

in Strassmann's sample adapted their technology than did locally owned 

firma. And a higher fraction were buying and using second-hand machinery. 

Again, similarly to Pack's argument, the importance of good flexible manage­

ment possescod by !HCs Is stressed by Strassmann and by the ILO (1972b) 

mission to .anya. 

?M?1Cs 


It appears; then, that hoth locally controlled firms and MNCs can 

and do adapt' their factor proportions. But which group Is more likely to 

ado6,t the more labor-intensive methods? In examining comparative evidenc, 

liare, we will alamysit is necessary to exclude economy-wide comparisons, 
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find that HNCs are more capital intensive than locally controlled firms. This 

is to be expected, since the MNCs Jo have a comparative advantage in capital 

intensive products. The critical question concerns comparisons within an 

industry in which both groups are present. Strassmann, Pack, and the ILO 

the ?M1Cs to be more labor intensive- they explainmission to Yenya all find 

this on good management grounds. Iason (1970; 1973) finds that for a group 

of matched pairs of firms, U.S. controlled firms tend to be somewhat more
 

capital-intennive than locally owned Philippino or Colombian firms; he
 

this on the grounds that the U.S. firms pay higher wages and haveexplains 

access to cheaper capital. Radhu (1973a) also finds foreign firms to be
 

nore capital intensive than locally owned Pakistani firms. But Cohen (1973; 

1975) finds no significant differences between foreign and Korean firms
 

producing for export markets. The evidence is clearly mixed.
 

Although the MICa may not be the heroes of appropriate technology,
 

they appear to be far from the villains that many make them out to be. 

They have the management expertise, and they are frequently willing to use 

it to adapt to labor intensive processes. Again, there is adequate evidence
 

of factor substitutability.
 

(7) Factor proportions and savinR rates. An argument cited earlier
 

in favor of capital intensive methods is that they would raise the income
 

share of capital owners, who are sunposed to have higher rates of saving and
 

reinvestment than do workers; the pace of industrialization would thereby
 

be quickened. This kind of argument, of course, presupposes that government
 

is feasible. ignoringtaxation of labor incomes for saving purposes not But, 
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this, what do we know about savings rates? 

The evidence reviewed by Hikasell and Zinser (1973) does indicate 

that saving out of labor income is very low; the marginal propensity to 

save rises with income, and the saving rate out of profits is high. But 

Oshima (1971) argues that added income to low-wage workers might reduce 

the din-saving of many. If we turn to the saving rates of firm of different 

capital intensities, Ranis (l962b) provides evidence that medium size (less 

capital intensive) firms have higher saving and reinvestment rates per unit 

of output than do large firms. Appavadharrlu (1974) argues that small 

firms in India have higher saving rates than large firms. 

The evidence, then, is somewlat mixed. And, given the possibility
 

of government taxation as a form of saving, the income distribution, saving,
 

and reinvestment argument appears to be a weak reed on which the case for
 

capital intensity might rest.
 

(8) Product substitution. Some researchers have argued that, in 

addition to the wrong factor proportions being used, the wrong products 

are being consumed (Streeten, 1972c; Stewart, 1973b; 1974); Hughes, 1974), 

Consumer durables like automobiles, washing machines, and air conditioners 

have capital intensive production technologies. More appropriate products 

and services, like bicycles, launderers, and coolers would be more labor 

intensive. (le will leave the issue of the development of new products for 

LDCs for Section V.) Frequently it is claimed that this is the result of 

an inappropriate income distribution in LDCs -- too heavily skewed toward 

the rich -- and that a radical redistribution of income is necessary. 
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Thou.th t'in !;-it ou ..,tioi T-say be reco-nded or ethical grounds, 

it appears that income redistribution -would likely have only a tiny effect 

on employment. A nuter of rnacro-nconomic models of LrCs, reviewed by 
32
 

(1974) ani Clino (1975X all come to that conclusion.
Horawitz 

A less radical alternative would be nimply to levy excise taxes on 

capital intensive goods ,shich have labor intensive substitutes. Indonesia 

(Sadli. 1 74) taxes "morlern" manufactured cigarettes more heavily than tra­

ditional kratelt clove cigarettes. But India (Baron, 1975) tries to encourage 

the consruption of capital intensive white sugar (as compared t- the les 

refined Luq) by keepin, its price lm,. 3 3 

Another rmy of encouraging the production of appropriate products is 

to orient the economy to;ard exports (Rais 1971; 1973; 1974! 1975; Fai and 

.anis, 1975; Iclleiner, 1973a; 1973bi Porter, 1972; Dalasu 19711 Boarresen, 

1971; Sharpston, 1975; Little at al., 1970). Har, labor-intesive loods 

and processes uill have a comparative advantage in world markets and hence 

will be the natural choice for LDCs. This is the path that the 'success 

stories" of East and Southeast Asia - Korea, Taiwan, Ang Kang, and 

Singapore - and, to a lesser extent, Colombia, Brazil, and Mxco have 

followed. 

(9) A sunmary on factor prooortions. This section has summarized 

the available literature on the possibilities of labor-capital substitution
 

in LDC manufacturing. Each sub-section has presented one aspect of the 

evidence. By itself, each sub-section may not appear entirely convincing. 

But together they do paint a rather impressive picture. There do'seem to be
 

plenty of opportunities for more labor intensive methods to be used. And 
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there do seem to be opportunities for a more appropriate product mix. The 

ranges of choice are far from complete on both the production and product 

sides. The economisets smoothly curved production isoquant is rarely present. 

It is the task of research and development to increase the range of choice, 

a topic we shall tackle in Section V. But the claim of fixed coefficienta 

simply does not offer a satisfactory explanation for the absence of appro­

priate factor proportions in most LDCs. 
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IV. The Causes of Inappropriate Factor Proportions
 

The evidence of Suction T11 muggests that the possibilities for 

labor intensive production mctho6s are much greater than the current
 

practice in nost LUCs. If fixed factor proportions are not the reason
 

f6rLD capital intensity, what explanations can be offered?
 

First, the relative prices of capital and labor are frequently
 

badly out of line with their true social worth& a wide variety of
 

governmuent policies have made capital artificially cheap in capital­

short economies, while labor has been made artificially expensive
 

in many of these same economies (Little et al, 1970). Capital is 

made cheaper through government subsidized low interest loans, 

favorable exchange rates or low tariffs for imported capital goods, 

tax holidays on new investments, and accelerated depreciation on 

capital goods. Labor in urban manufacturing has been wade more 

expensive throuqh minimum wage legislation, mandated fringe benefits, 

restrictiong on the ability to lay off workers, and government
 

encouraged union pressures. 3 5 These lrbor provisions are most likely 

to be enforced. in the government sector, in large firms, and in MNCs.
 

As we argued earlier, they are a major factor in encouraging high
 

urban unemploy,,ent. Peal urban wages are frequently two or more
 

times rural wages.36 In a number of countries, the relative
 
peices,
 

distortion of labor and capital/ rather than getting better, has
 

become worse during the years since the Second World lar. Witte 

(1973) estimates that the wage/capital-rental ratio for all of Mexican 

manufacturing rose fro, an index of 100 in 1945 to 280 in 1964 

for Peru, the price ratio for a ntuber of industries rose from 100 

in 1958 to a range of 190-270. Roemer (1975) reports that the same
 

ratio in Ghana rose from 100 to 124 in 1966 (but subsequently fell to
 

http:wages.36
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90 in 1970). Krueger (19 74, p. 235) reports an appreciable rise in
 

Turkey for the period 1955-1970. In a contrary case, Williamson
 

(1971) reports a falling ratid in the Philippines for 1955-19661
 

this is confirmed by Hicks and IcNicholl (1971) and by Baldwin (1974)
 

p. 148). But generally the pattern reported is rising real wages
 

in manufacturing in most LDC countries, while capital remains cheap
 

or becomes cheaper (Smith, 1969; Knight, 1975; Berg, 19711 Gregory,
 

1974).
 

The 'rising roal wages in LDC manufacturing sometimes receive two
 
defensos; both should be put to rest. 
First, it is
 

argued that wages should rise with the increases in produotivity
 

in manufacturing. Besides mixing cause with effect, this argument
 

is wholly inappropriate for an economy with widespread un- and
 

under-employment. As long as there is substitutability, greater
 

capital shallowing should be encouraged through low wages only when
 

labor grows scarce should real wages rise in line with rising
 

productivity. 
Second, it is argued that in a world of monopolistic
 

MNCs which escape LDC taxes through internal transfer pricing vim-a­

vis the parent company, high wages may be the only way that the LDC
 

can capture some of the profits. But the obvious solution to this
 

is to improve government taxation and customs procedures and to
 

reduce the MNC's monopoly power by introducing more competition 

(via imports, if necessary) into the domestic economy in which the
 

MNC sells or by opening up for wider bidding the extraction and 
export concession that the MNC has. Using wages to try to capture 

those profits is a distinctly inferior and potentially quite 

harmful policy. 

The cheap capital and high wages policies have laudable goals: 
to encourage investment and to raise worker incomes. But their
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inevitable result is to encourage entrepreneurs to substitute away
 

from labor and toward capitol intensive processes. The econometric
 

studios of the elasticity of substitution,. if they are to be believed, 

certainly point in this direction. The engineering and process 

analysis studies, especially Pack's (1974), also tell the same story. 

And much of the anecdotal literature, analysis of small firms, and 

discussion of MiNC adaptations do link changes incapital-labor
 

ratios to relative factor prices.
 

Further, inappropriate factor prices make capital intensive
 

goods cheaper and labor intensive goods more expensive, thus
 

discouraging consumption of the latter. Not only are the wrong
 

processes encouraged, but the wrong products are also encouraged
 

(Cooper, 1972).
 

But factor prices donot seem to offer a complete explanation of 

the existence of inappropriate factor proportions. A second reason 
and especially tseems to be the strong tendency for entrepreneurs/engineers to think
 

in terms of developed country mechanized technology as the ideal,
 

regardless of factor prices. The confusion between high labor 

productivity and efficiency enters here., If markets are non-compet­

itive, entrepreneurs seem willing to sacrifice some of their potential 

monopoly profits in order to achieve this goal of mechanization. 

Wells (1973) has labeled this the phenomenon of "engineering Man." 

The argument also appears in Bruton (1973), Pickett et al (1974), 

and Ranis (1974). This appears to be a widely held notion. But 

there has been only one attempt formally to test the proposition. 

White (1976?) found that greater 

competition in Pakistani product markets forced industrialists to
 

adopt more labor-intensive methods relative to.the U.S. "ideall
 

industrialists in less competitive markets were freer to pursue
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thaeir unginaur~ng goul.
 

Third, even in 
instances in which firms might be interested in
 
and
more labor intensive methods/ those methods do exist, information about 

them is frequently difficult to obtain. 
Search is costly,othe firms
 

are familiar with the capital-intensive processes, and the absence
 

of competition may reduce the incentive to search. 
Or even with
 

search, they may simply fail to find out about the labor intensive
 
37
 

methods.
 

Fourth, not all MNCs adapt their technologies. There are plenty
 

of "engineering men" in MNCs, and, if permitted by non-competitive
 

markets, they too will mechanize beyond socially optimal levels.
 

Fifth, inappropriate government policies, beyond the labor and
 

capital pricing policies and the failure to encourage competition
 

mentioned above, are another contributing cause. Badly conceived
 

public projects, like the petrochemical complex cited by Morawetz
 

(1974), are a bad use of resources and surely do not provide a good
 

example to the private sector. 
The mystique of high productivity
 

and modernity pervades the public sector as much as 
itdoes the
 
private sector. Other poor policies include a frequent negative
 

attitude toward the import of used machinery and used vehicles,
 

sometimes taking the form of outright bans. 8 
 This is based on the
 
belief that used machines are inferior and private entrepreneurs are
 

mistaken in their purchases or that used machinery may be an easier
 

vehicle for smuggling(through over-invoicing to smuggle funds out of
 

the country or under-invoicing to reduce tariff duties, since the
 

customs officials may be less familiar with the true value of the
 

machinery 
 As argued above, such policies are sacrificing potential
 

major improvements in labor-capital ration. 9 And the unwillingness
 

to tax or otherwise discourage the consumption of capital-intensive
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consumer goods and the unwillingness of many governments to encourage
the of 

/ dovulopmont/ export markets tor manufactured goods further push their 

cconomLieu touard copital intenaive methods. 

in short, LDC government policies can go a long way in explaining
 

the inappropriate factor proportions observed.
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V. The Evidence on Research and Development in LDCs
 

Though plenty of opportunities for more appropriate factor
 

proportionn oxint in LDC, the range of choice is far from complete,
 

and in many instances there is a serious need to develop new processes
 

and products for LDCs that will be more labor intensive and, of
 

course, that will increase the overall productivity of all factors
 

generally. This is technological progress, with research and
 

development as the main generating agent. Unfortunately, technological
 

progress and RB&D are only imperfectly understood in the developed
 

countries, and the data is still poor and spotty. There have been
 

recent surveys by Kennedy and Thirwell (1972) and Kamien and Schwartz
 

(1975). Much less is known about this area in .LDs.
 

First, a few clarifying remarks. Improved products and processes
 

are the desired end result. Unfortunately, it is frequently difficult
 

to quantify these measures properly at the micro level for testing
 

hypotheses. Sometimes, patents are used as a proxy for the
 

desired measures, or lists of inventions are used. More frequently, 

P60 personnel are used instead. But it must be remembered that these 

are inputs into the technological progress process, whereas we are 
By measuring
 

really interested in the output of the process./and testing
 

hypotheses on inputs, we must be assuming a
 

fairly fixed relationship between inputs and outputs. Though
 

there is evidence :;,,of a positive relationship between
 

these inputs and outputs in the U.S., evidence on whether this is
 
2
 

influence it is nonexistent.4
 
linear or not and what other factors 


There are two major hypotheses concerning technological progress
 

6

and R . One is the Schumpeterian hypothesis that large absolute
 

size of firm and market power are necessary to generate R60. The
 

62-906 0 - 77 - 11 
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former is necessary because of economies of scale in the R&D process
 

itself (e.g., a laboratory or workshop may have a minimum efficient
 

size), the latter because market imperfections are necessary to
 

generate the funds for investing in R&D and absorbing the risks of
 

R&D and to overcome the problem of competition stealing and copying
 

new 
ideas end thus making investment in them unprofitable in the
 

first place. A contrary set of hypotheses argues that invention and
 

innovation is still a creative process best suited to individual or
 

small group situations and that the best spur to invention and
 

innovation is at least a moderately competitive market inwhich firms
 
do so instead,
 

fear that if they do not innovate some other firm wilV. to the first
 

firm's detriment.
 

There have been extensive testing of these hypotheses. Size does
 

seem to matter in generating more R&D or patents as a percentage of *
 

sales, but only up to a point. This point seems 
to vary by industry.
 

The largest firms in these industries rarely do proportionally the
 

most R&D. But there is the problem of under-reporting by small firms
 

(and probably over-reporting by large firms, since R&D has become a
 

prestige ares), and Jewkes et al (1969) offer plenty of stories of
 

major invention, that have been developed by individuals or small
 

groups. The case for market power is much weaker;. some studies find
 

that itmatters, others that it does not.
 

Let us now turn our attention to R&D in the LDCs. Unfortunately,
 

so much less is known that generally writers on the subject are content
 

if they can just quantify R&D ixpenditures; these have been only a 

very small handful of empirical tests of hypotheses.43 The Sussex
 

Group (1970) has estimated that LDCs do only 20/0 of all of the R&D
 

conducted in the non-communist world. Frankena (1974, p. 256)
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estimates that Indian manufacturing firms spend only 0.1-0.2°/0 of
 

sales on R&D; the ILO (1972b,.p. 1h8) report on Kenya gives a similar
 

figure for Kenyan manufacturing. Herrera (1972) estimates that
 

Latin America spends only 0.10/o of GNP on RD.. By contrast in the
 

U.S., 30/o of GNP is spent on R&D, and manufacturing industries on
 

average spend 20/o of sales from their own finances on R&D (Scherer,
 

p. 349). Katz (1973), in one of the few quantitative studies of
 

LDC R&D, found that the R&D expenditures as a percentage of sales
 

of Argentine firms in nine industries were only a fifth of the
 

relative amounts spent by domestic U.S. firms in the same industries.
 

The reasons for the low levels of spending are many: low levels
 

of income: shortages of trained personnel; the small sizes of firms
 

in LDCs (Katz, 1973); the ready availability of developed country
 

technology and the low risks involved in transferring it intact
 

rather than trying to adapt it; the absence of competitive pressures
 

to innovate (Frankena, 1974; Baranson, 1974); and the practice of
 

MNCs, if they do any R&D relevant to LDCs, mostly to do it in their
 

home countries.4
 

As a consequence of the low levels of R&D, many argue (Stewart,
 

1972; 1974; Streeten, 1972c; Vaitsos, 1975), labor intensive
 

processes are not developed for LDCs, and new products that would
 

be more labor intensive and would be more aimed at the mass markets
 

of low income consumers are not developed. Further, there is
 

probably a close connection between process adaptation and product
 

adaptation. In many cases adaptation of the processes requires
 

product adaptation, to make fine tolerances less critical and
 

frequently to lower the general quality of the product. The MNCa
 

come in for their share of criticism here, since their reputations
 

are frequently based on the quality of their products and they are
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reluctant to tamper with that image.
 

Still, it is instructive to remember that some invention,
 

innovation, and adaptation does occur in LDCs. The anecdotes in
 

Section III were all largely inntnnces of firma innovating: taking
 

developed country machinery or processes and altering them to suit
 

the LDC conditions. 
Three stories of individual innovations 	in
 

on a
LDCs--Sansom (1969) on a lift pump in Vietnam, Dommen (1975) 


bamboo tube well in India, and James (1973) on paper manufacture
 

in Mexico--would certainly fit the patterns described in Jewkes
 

et al (1969), Strassmann (1967; 1968, pp. 172-173, ch. 7) provides
 

examples of product and processes developed in Mexico. Khan (1974)
 

and Duff and Khan (1974) describe innovations in the design and
 

manufacture of small-scale agricultural implements at the International
 

Rice Research Institute. 
 Even a few of the MNCs have research
 

operations in LDCa and do adapt items like cars and tires to local
 

conditions and currently seem to be interested in providing new high
 

nutrition food products for LDCs (USAID, 1972).
 

But, clearly the flow of now products and processes that are
 

appropriate for LDCs is not fast enough. Efforts should be made to
 

encourage more M D and, of course, to make sure that it is aimed
 

at the right targets. Here, the question of incentives arises again.
 

First, Straosmann (1970; 1971) and Greene and Strassmann (1971) note
 

that the innovations in Latin American construction methods tended
 

to be labor saving, and they relate this to rising real wages for
 

construction workers. They also note that the labor-saving
 

innovations tend to be adopted more slowly where real wages are
 

lower. Second, Pack (1972, 1976) argues that labor-intensive methods 

may encourage more rapid technological progress, since new processes
 

do not have to be embedded in expensive 	capital goods. Third,
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Cooper (19 714)notes the connection between the research and consult­
ing of the Engineering Faculty at the University of Nairobi
 

and their teaching. The qovvinhent sector in i'enya wants capital­

intensive "modern" methods 
on its projects: it wants to hire
 

engineering graduates and faculty consultants who know these methods.
 

Therefore the faculty must teach these methods and do most of 
their
 

research on projects relating to 
them. Fourth, research on
 

appropriate products will not be enOuraged if inappropriate factor
 

prices or exchange One
rates make domestic production unprofitable. 


report (UMAID, 1972) gives the example of a Pakistani research
 

institute developing a new pesticide, but the report's author is
 

then puzzled as to why the 
institute could get no entrepreneur
 

interested in producing it. 
 Small wonder, when Pakistan had a badly
 

over-valued exchange rate and pesticides could come in duty free.
 

Fifth, Frankena (1974) notes 
that India's foreign exchange control
 

regime meant that there was lois conpotitive pressure to design new
 

products and processes: Baranson (1974) has similarly argued that
 

Brazilian firms do 
little RD because of the absence of competitive
 

pressures. Frankena also points out 
that the control regime
 

encouraged dependence on foreign technology, since P domestic firm
 

with a foreign collaborator to provide foreign exchange could more
 

easily get government approval for new projects. Finally, prestige
 

factors also play a part in assessing what kind of RSD is worth
 

encouraging. 
Vatz (1973), for example, describes the research
 

potential of firns in Argentina's electrical goods industry and
 

writes in disparaging terms of the small firms that make simple
 

transistor radios for the domestic market. 
Katz's views would probably
 

be shared by government officials deciding on 
the allocation of
 

research funds. Yet these firms 
 may have made the best
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adaptations of product and process 
for the bulk of the market.
 

Research institutes in LJC.n are frequently neen as a way of
 

encouraging appropriate R&D and of transmitting new and existing
 

knowledge of techniques to LDC firtms, especially small firms. 
 There
 

are plenty of examples of successful research institutes (the Korean
 

Institute of Science and Technology, IMIT, IRRI, the wheat research
 

institute in Mexico, 
 the Madras Leather Institute),but
 

also of institutes which are not (Strassmann, 1967; 1968, ch. 7; 
Stewart, 1974; USAID, 1972; Khan, 1974; Duff and Khan, 1974). 
 The
 

leadership of these institutes appears to be critical to their success.
 
The decision by an institute to solicit contracts to solve problems
 

and to do applied research is also important.45 The contrary decision
 
to do basic research and try for published papers in developed
 

country learned journals will mean another research institute spinning
 

its wheels. 
 Finally, there are problems of confidentiality of
 
information, since many firms fear that publicly sponsored research
 

institutes will reveal confidential information to the tax authorities
 

or politicians (Strassmann, 1968, pp. h-48).
 

Pressuring the MNCs 
to do more R&D in the LDCs is another
 
approach. Countries might make this a condition of entry by the HNC.
 

Again, appropriate factor prices and product taxation would certainly
 
encourage this process, 
as would more competition in product markets.
 

Indeed, much of the problem that LDCs 
face in paying too much for
 

the transfer of technology (through excessive royalties, improper
 

transfer prices on inputs, etc.) 
would disappear with a combination
 

of tougher bargaining and e pro-competitive (via import competition)
 

policy that would reduce the potential profits that the MNCs could
 

siphon away. 
 The picture (Barnett and Mueller, 1975: Streeten, 1972b;
 

1973) that is frequently described of helpless LDCs at the mercy of
 

http:important.45
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a handful of monopolistic MNCs is largely false. 
Alternative
 

suppliers of technology to achieve similar ends almost always exist,
 
and LDC policy makers 
can and should be able to take advantage of
 
this.4 6 Even in the world automobile industry, which exhibits tight
 
oligopoly in domestic production in every developed country, there
 

are more than a dozen producers capable of LDC production.
 

Finally, the question of patents in LDCa combines the problem of
 
incentives and MNCs. 
 Patents provide a property right in an idea
 
and thereby encourage the investment of resources (R&D) in the
 

production of new ideas 
that would otherwise be copied at low 
or
 
zero cost. 
 But they do convey a monopoly on the idea 
in the process.
 

In LDCs tile vast majority of patents 
are granted to foreigners
 

(Vaitsos, 1972; O'Brien, 197l1), 
and only a tiny fraction of them are
 
in the LDC.
ever used/ Essentially, the patents largely protect foreign
 

inventions 
 from being copied domestically rather than encourage
 

domestic invention. 
 But the patent system does encourage some MNCs
 
to produce in LDCs, which they otherwise would not do if they could
 

not protect their products and processes (Penrose, 19711). 
 The
 
publication of the patent in the developed country reveals the basic
 

invention (Grundmann). 
But there is usually non-patentable
 

proprietary confidential information that is necessary to make the
 
invention work. 
 This is what the MUC is frequently bringing to the
 
LDC, and the protection of the patent also protests this 
proprietary
 

knowledge. The critical question is whether a broad patent system
 
that possibly encourages 
some domestic invention and some MNC 
invest­

ment but that also prevents domestic 
firms from using foreign owned
 
patented inventions that the 
foreigners are not 
using is worthwhile.
 

There is simply no 
evidence to support strongly any conclusions.
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It is probably the case that a oore selective system--e.g., one
 
that voided foreign held patents after a period of domestic non-use
 

--would be more worthwhile.4 7
 

For R&D in LDCs, then, though the picture is far from bleak, it
 
is also far from rosy. 
Though some R&D is done, more is needed.
 
But, again, incentives are important, and policies should be shaped
 
carefully. 
It is too easy to throw away large sums of money on 
ill­

conceived R&D. 
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VI. Conclusions
 

The evidence summarized in this paper does suggest strongly
 

that greater labor intensity in LDC manufacturing is feasible and
 

would be efficient. The possibilities are not unlimited; there is
 

still plenty of room for the discovery of intermediate technologies
 

through well-directed R&D. 
 But a view that LIXs are currently
 

condemned to high capital-labor ratios, because there are no
 

efficient alternatives, simply is not consistent with the evidence.
 

The evidence also suggest that incentives matter. Appropriate
 

factor prices are an important spur to the discovery and profitable
 

use of appropriate factor proportions and appr.)priate products.
 

Effective competition in product markets can also provide an
 

important push in the right direction, by leaving less scope for
 

engineering instincts to dominate efficient factor use.
 

Large gaps, however, still remain in our knowledge of appropriate
 

factor use. 
 The micro studies of efficient alternative factor
 

proportions have only been completed for a small handful of
 

industries. It would be reassuring 
to have ma-j more studies showing
 

that alternatives exist. 
Also, these kinds of studies could profit­

ably be focused on the auxiliary handling, packaging, transporting,
 
that
and storage processes / figure prominently in the anecdotal examples
 

of substitutability; again, it would be reassuring to have more
 

precise estimates here. 
 Further, we still do not understand very
 

well the connection between scale effects and mechanization, nor .he
 

extent to which it is a genuine problem. And the connection between
 

quality standards and mechanization and the extent to which
 

mechanization serves as 
a substitute for skilled processing labor
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and/or managemoi;t supervisory skills are still largely unknown: 

moat evidence here is @till qualitative rather than quantitative.
 
that
 

(But, it cannot be emphasized too frequently/ better utilisation of
 

existing capacity--multiple shift work in particular--can greatly
 
the
 

increase/overall labor-capital ratios of apparently capital intensive 
that 

processes. and/export markets can supplement small internal markets 

so as to achieve possible scale economies.) Finally, the connection 

between good management and the ability to recognize and utilize 

the opportunities for labor-capital substitution needs much greater 

exploration. 

The conclusions of this paper point directly to a number of 

policy implications. First, the establishment of proper factor prices 
has been 

is terrifically important. This / a familiar refrain from economists 

over the past ten years, but it can still bear repeating. The 

subsidies to capital use must be ended: an important part of this 

would be the replacement of exchange control and over-valued exchange 

rates with a realistic exchange rate. If wages in the urban modern 

sector cannot be decreased, at least their rate of increase must 

be substantially moderated in many countries. This is difficult to 

advocate, since the wages are low by developed country standards 

but they are high by comparison with the incomes of the bulk of 

the remaining population in the LDCUs, and the wage increases in the 

urban sector must necessarily reduce the potential for improving the 

incomes of the poorer majority. If these policies of altering 

relative factor pAice are combined with pro-competitive policies 

and more effective taxbtion policies, they need not imply a decrease 

in labor's share of (or claim on) output relative to capital's 

share. Rather, the effect will largely be an increase in the 

government's share (and possibly lower product prices because of the 
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pro-competitive policies)r thple extra government revenues can
 

(hopefully) be spent on welfare increaoing activities.
 
versus
 

With respect to the small firm/large firm problem, efforts 
to
 

provide special facilities or subsidies to small firms are probably
 

unwise. It is easy to waste funds on unproductive projects in this
 

and it would be a serious mistake to compound the current
 

incentive errors by subsidizing capital for small firms. Rather,
 

it would probably be quite adequate simply to give small firms
 

to stop current discrimination
 

area,4
8 


unhindered access to resourcest i.e., 


9 
and to let the processes of competition sort
against small firms4
 

out the efficient and inefficient sizes. The current exchange
 

control and capital funds control regimes usually do quite the
 

opposite (17hite, 1974, chs. 2, 7). The establishment of an
 

industrial extension service that would provide information on
 

for small businesses would
techniques and help solve problems 


probably be the best action that an LDC government could take (Hammond,
 

1974). But, like research institutes, effective extension services
 

are easy to describe in principle and difficult to make work in
 

practice.
 

The policy toward used machinery should also be relatively neutral.
 

Neither a strongly pro- nor anti-used rachinery policy seems warranted. 

Rather, reliance on the judgment of ontrepreneurs--provided that 

the appropriate factor price and pro-competition policies are pursued 

--is warranted. Again, an information service to help on those 

judgments would be worthwhile. 

The appropriate factor price and pro-competition policies, 

backed by some tougher bargaining by LDCs, would limit many of the 

50 Taxation policies on inappropriate products
possible abuses of MoCs.


and an outward looking orientation that stressed labor intensive
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exports would also help. And pressuring the MNCs to do more M D
 

in the LDCs is probably worthwhle.
 

Research institutes and infornation services, both national,and
 

international, are probably fruitful ways of encouraging more
 

appropriate R&D by and for LDCs. 
 But, again, it is easier to
 

describe the good research institute than to operate it.
 

If the connection between good management and appropriate factor
 

proportions is as crucial as 
much of the evidence suggests (with
 

gocN'i
management meaning that entrepreneurs can recognize and utilize
 

the opportunities for appropriate factor proportions and also
 

meaning that supervisory skills may be able to substitute for
 

mechanization in the maintenance of quality standards), then
 

appropriate management training institutes may be as 
important (or
 
more so) as appropriate RMD institutes for discovering and
 

applying efficient labor intensive methods.
 

Finally, a row words of caution: Appropriate technology is
 

currently a fashionable topic of research and interest. 
There is,
 

though, a serious risk. Appropriate technology is sometimes touted
 

as a quick and easy way of raising LDC incomes to developed country
 
levels. 
 Five or ten years fron now, after some (but not all) measures
 

to encourage appropriate technology have been taken, many current
 

enthusiasts will look around and notice that most of the people in
 
LDCs are 
still very poor by developed country standards. They may
 
then decide that appropriate technology was a fraud and will search
 

for some other quick and easy solution. This would be unfortunate.
 

Appropriate technology does not offer a simple solution to LDC
 
problems7 it cannot. 
There are no quick and easy solutions, short of 
a radical change in the relative supply-demand conditions for most 
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natural resources# comparable to that which has occurred in oil.5 1
 

But appropriatn technology cun moan an improvement in the allocation
 

of resources in LDCs, perhaps a slightly higher growth rate, a
 
better distribution of capital resources across 
the economy and
 

probably a slightly more equitable internal distribution of income,
 
and more and better employment opportunities. The game should not
 

be oversold, but it is definitely worth the candle.
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NOTEr. 

*This paper was written for UVAID under contract No. AZD/Cm/ta-I47-526. 

1. 	This corresponds to the economist's notion of a set of production
 

.'Jisbquants.
 

2. 	Some authors (e.g., Marsden (1971])have also included suitability
 

for small scale production, compatability with LDC cultures,
 

and other desirable properties of technologies as part of
 

"appropriate." See '.estphal (1974) for a critique of these
 

wider definitions.
 

3. 	It should be stressed that the model which follows is an ideal,
 

and no country, developed or less developed, functions in the
 

perfect manner described.
 

4. 	Only if technological change were to alter the underlying
 

technology sufficiently so as to increase the demand for labor
 

would employment be able to keep pace with output.
 

5. 	This would be d e, in about equal thirds,tophysical capital
 

deepening, human capital deepening, and pure technological
 

change.
 

6. 	This has come to be called the Harris-Todaro model. See
 

Todaro (1969), Harris and Todaro (1970), and Todaro (1971). See
 
also Berry (1974), Fields (1975), and Godfrey (1973).
 

7. 	This hypothesis is given powerful support by Turner and Jackson
 
the change of
 

(1970) who find that/rate of/ LDC urban unemployment is negatively
 

related to LDC growth rates and Positively related to the 

change in the ratio of urban incomes to economy-wide incomes.
 

6. 	E.g., through a wage subsidy.
 

9. 	Stewart (1974, p. 87) provides a calculation in a similar spirit.
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10. 	The Pearson report (1970, p. 30) estirated average LDC saving
 

at 	15.00/o and inventment at 17.8"/o of GNP for 1960-1967. 

11. 	In 1971 thI ratio of fiie' capital plus inventories to employees 

came to f.20,000 (U.". Bureau of the Census, 1973). This ignores 

working capital. It also underestimaten replacement costs, 

since it is baced on lower hiqtorical costs.
 

12. 	This anumes that the workers in the high productivity jobs will
 

be able to capture some of that productivity in high wages.
 

13. 	S.ee, for e.-tample, the ILO report cited in Kilby (1962) and see 

Adusei-Poku and Fiejka (1972, p. 306). 

14. 	"ee Lur'erq and Cabero (1972) for Chile, ILO (1972b, pp. 446-447)
 

for 	Kenya, and Strassmann (1968, pp. 316-317) for Mexico. 

Occasionally, authors have been able to find cases in which LDC
 

capital-labor ratios are hie'her_ than developed country figures.
 

::ee 	Khan (1970a, 1970b), Bautista (1966), and Boon (1969, p. 213).
 

15. 	For more discussion of capacity utilization rates and their
 

causes, see Winston (19711 1974), Little, et al (1970, pp. 93-99),
 

lemal and Talat (1974), ane Steel (1972).
 

16. 	For the original statement and estimation of the CE9 function,
 

see 	Arrow, et al (1961). 

17. 	This is the first order condition with respect to labor for 

profit aximization or cost minimization. 

18. 	There is the problea, of the possibility of selectivity of
 

reporting: Chly the favorable results may get published in journals.
 

19. 	There are also econometric problems of multicollinearity and 

simultaneous equations bias. 

20. But Harris and Todaro (1969) and Tidrick (1970), for example,
 

explicitly try to test for this and reject it a3 an explanation.
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21. 	Some studies (e.g., Hewavith.vrns [1970]) do present alternatives
 

but then simply look at comparisonz of unit costs. If these
 

costs incorporate inappropriate factor prices, the conclusions
 

from the unit costs may not be trustworthy. But one can usually
 

recreate the original factor proportions so as to examine the
 

technologically efficient alternatives.
 

22. 	The abstracts in OECD (1974e, 1975) also appear to include more
 

recent studiee.
 

23. 	The costs of containers and pipes tend to increase with surface 

area, which rises more slowly as dimensions increase than the 

volume enclosed. See Silbertson (1972) and Scherer (1970, ch. 4). 

24. 	This assumes that, despite the dilemma, it is still within the
 

LDC's comparative advantage to produce the item rather then
 

import it.
 

25. 	And, of course, the small producer who expects volume to grow
 

has a yet crueler dilemma.
 

26. 	Diaz-Alejandro (1965) also tried to measure the same effect, but
 

his study focuses only on output per worker and thus ignores the
 

effects of varying capital intensities.
 

27. 	The literature on small firma has grown quite extensive. See
 

Staley and Morse (1965), Dhar and Lydall (1961), Bhalla (1974),
 

IBRD (1973), Paine (1971), Stepanek (1960), Fisher (1968),
 

Shinohasa (1968), Oshima (1971), Watanabe (1974), and Vepa
 

(19671 1971).
 

28. 	Or one could argue that they sell different kinds of goods or
 

different qualities, in which case the comparisons become
 

largely irrelevant.
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29. For some further theorcticol di.Fcussions, nee Son (1962),
 

Schwartz (1973), and Smith (1974).
 

30. But if the productivity of the used machine falls so low that
 

its price is simply its scrap value, then it may or may not be
 

a good buy for the LDC.
 

31. 	See White (1971, ch. 13) on this point for U.S. cars; see
 

Alth (1968) for trucku.
 

32. 	Also see Cline (1972) and Tokman (1974, 1975).
 

33. 	The price ceilings, though, may have had the unintended effect
 

of discouraging the production of white sugar.
 

34. 	Winston (1970) has also pointed out that exchange control and
 

overvalued exchange rates make smuggling a highly profitable
 

activity and that smuggling via over-invoicing on hard to value
 

(by customs officials) capital goods provides yet another
 

incentive for entrepreneurs to favor capital intensive processes.
 

35. 	See also Cordova (1972).
 

36. 	See, for example, Hicks and t4cNicholl (1971, p. 91) for the
 

Philippines.
 

37. 	See Cooper et al (1975) for a description of a can manufacturer
 

who simply failed to find out about the availability of a lower
 

cost labor intensive method of production.
 

38. 	See Rethwisch (1974).
 

39. 	Todaro (1970), though, has argued that reliance on used machinery
 

will still tie LDCe to a pattern of increasing capital-labor
 

ratios over time, since this has been the pattern in the developed
 

countries from which the used machinery comes.
 

40. 	See Marsden (1971) and Schumacher (1971a; 1971bi 19721 1973).
 

82-906 0 - 77 - 12 
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41. 	Alsc., even patents may be : poor reasure of the true output we 

wish, since there are clearly s04c patents which are more 

worthwhile than others.
 

h?. See Kamien and Schwartz (1975) for a summary of this evidence.
 

45. 	For general discussions, see Sussex Group (1970): Stewart (1974):
 

Eckaus (1966), Strassmann (1968, ch. 7), Herrera (1972); Nelson
 

(19714); Solo (1966): Helleiner (197,5a); and Bass (1973).
 

11. As Khan (1974) points out, since LDC industrial firms do not
5
 

undertake much applied R&D, basic R&D by research institutes
 

would be wasted.
 

1.6.Leff (1968, ch. 4) describes the way in which the Brazilian
 

engineering industry was successful in obtaining foreign
 

technology at reasonable costs: Streeten (1973) and Helleiner
 

(197'b) also recognize that LDCs can be more effective bargainers.
 

147.This night have one unfortunate effect, if done in isolation.
 

It would provide easier access to foreign capital intensive
 

technology by local entrepreneurs and might bring out further
 

the "engineering men" among them.
 

48. 	See Dhar and Lydall (1961) and Watanabe (1974).
 

49. See Di Tullio (1974).
 

1,0.For e.:ample, ending the tax concessions that make capital
 
and
 

cheaper for MNCa would improve factor utilization/increase LDC
 

taxes at the expense of profits. The questionarie data (if it
 

is to be believed) indicates strongly that MC location decisions
 

are not affected by tax concessions (Hughes, 19,9, Reuber, 1973,
 

p. 1P8: Streeten, 1972b, p. 230: Schreiber, 1970, p. 75). 

51. 	And even then, LDCs would still face serious political, social,
 

cultural, and income distribution problems. It is not clear that
 

Saudia Arabia is everyone's ideal of what an LDC that becomes
 

rich should look like.
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ATTACHMENT D 

OLIaCIES TO hNCOURAGE THE USE OF INTERMEDIATE 
TECHNOLOGY*
 

(By Howard Pack, Department of Economics, Swarthmore Collage, April 1976) 

Introduction
 

This paper has several purposesi to indicate the
 

policies which an LDC government may choose to alter the
 

relative costs of using the various factors of productionj
 

to indicate how much is known empirically about the efficacy
 

of such changesi and finally, to consider how a program to
 

aid LDC governments undertake such char.ges can best be
 

pursued given the absence of large leverage in the form of
 

any concessionary aid.
 

The focus on policies which may affect factor prices
 

assumes that if such prices were changed, methods of produc­

tion could be introduced which are more labor intensive than
 

those currently in use and which will be more profitable at
 

the new factor prices then techniques currently in use.
 

An alternate possibility is that a country is currently
 

using quite labor intensive techniques.and the policies
 

considered here are designed to maintain the desirable
 

pattern of factor use. 
 Though it is not our pi.rpose to
 

survey the literature on choice of technique, a summary of
 

some of the conclusions we have reached on the basis of
 

*This paper has been prepared for the AID Committee on Intermediate Technology. 

(192) 
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recent literature is germane at this point.1
 

(1) In a large number of industrial activities
 

a product is producible with a considerable
 

range of alternate ratios of capital to labor.
 

Much of the potential substitution of labor
 

for capital stems from use of labor intensive
 

methods in "peripheral" production activities;
 

labor, with little if any capital, can be used
 

to transport material within the factory, to
 

pack cartons, and store the final product.
 

The evidence for thne statements is drawn
 

from observation of both D.C. and LDC factory
 

operations and engineering specifications.
 

IThree recent surveys of the rapidly growing literature
 
on micro-substitution possibilities provide a large number
 
of examples of such findings for specific industrial products
 
as well as in construction activities. These aret S.N.Acharya,
 
"Fiscal/Financial Intervention, Factor Prices and Factor Pro­
portions$ A Review of Issues, "Staff Working Paper 183, IBRD,
 
19741 Daid Morawetz, "Employment Tmplications of Industriali­
zation in.Developing Countries. a Survey" The Economic Journal,
 
Sept., 19 4. Frances Stewart, "Technolo,y and Employment in 
LDCs" in Edgar 0. Edwards, (ed.?-_Empoyent in Developing

Nations, (New York, Columbia University Press, 1974). A recent 
ILO volume, A. Bhalla, ed. Technology and Empoyment in Industry 
(Geneva, ILO, 1975, 1975) provi yot more evidence, as do a 
number of the studies being com~eted by the Technology and 
Eployment Branch of the World Emplnyment Pvogram. A complete
list of these studies is provided in I.L.O. World Employment

Pr ramme Research in Retro, ect un Prosnr-ct (Geneva, IL.o., 
1976 pp. 21-31 and Apendix I. Acha"ya s r:eview provides an 
insightful analysis of the difricultien with industry-wide cross 
section and time series estimates of the elasticity of substi­
tution. and thus provides the ratjcncIlc for emphasir; on evidence 
from individual process level miicro-analynes. 
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(2) 	Evidence is also accumulating that the core
 

production process itself, whether cooking
 

of food or production of yarnoffers efficient
 

possibilities for using less expensive equipment
 

and more labor per unit of output. Adaptation
 

of'existing equipment, for example, changing
 

the "normal" speed of operation offers still
 

further opportunities to save capital and in­

crease the relative use of labor. Finally,
 

extensive under-utilization of industrial capacity
 

provides considerable scope for increasing the
 

effective labor/capital ratio.
 

(3) 	There are some industries that probably offer
 

limited possibilities for altering the capitalAabor
 

ratio compared with that prevalent in advanced
 

economies. These are typically activities
 

in which most LDCs have no comparative ad­

vantage and where the basic problem is to fore­

stall their introduction (typically behind
 

tariff walls) rather than to suggest methods
 

of changing production in a more labor inten­

sive direction.
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A. The Role of Factor Prices
 

1. Competitive Environment.
 

The ratio of labor to capital costs is usually assumed
 

to play a decisive role in determining the ratio of capital
 

to labor used in the production process. 
 Before considering
 

these costs explicitly, some caveats are in order about the
 

simple relationship. The importance of relative factor prices
 

flows from the assumption of a competitive milieu. There
 

is abundant anecdotal and some nwmerical evidence1 
which
 

suggests that factor prices may play a limited role in non­

competitive environments. 
A fiim currently realizing a 30
 

percent rate of return on equity capital, though using an in­

appropriate!-high ratio of capital to labor, may have little
 

incentive to search for more appropriate methods which may
 

raise its return to 35 percent. 
The losses from foregone
 

leisure and the difficulties often alleged to result from
 

management of a larger labor force make such behavior perfect­

ly plausible. If factor prices 
are to exert pressure toward
 

adopting socially appropriate techniques, some competitive
 

forces must be present. Given the t:ypical 
small markets of
 

many LDCs, such pressures are best engendered by international
 

competition rather than the proliferation of large numbers of
 

IJames Pickett, D.J.C. Forsyth, and N.S. icBain, 
"The
Choice of Technology, Economic Efficiency, and Employment in
Developing Countries," in Edgar 0. Edwards (ed), Enplovnent

In Developing Countries, (New York. Columbia University

Press, 1974).
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small domestic companies, none of which are likely to
 

reach economically efficient sizes. In the presence of
 

high rates of effective protection of value added, changes
 

in relative factor prices may have some beneficial effects,
 

but they are likely to be highly attentuated. Thus, an
 

integral component of any determined effort to achieve
 

more desirable factor proportions must be some increase
 

in competitiveness in the product markets in which indus­

trial firms participate.
 

2. Factor Price Distortions 

An LDC company considering beginning or expanding its
 
operations has a variety of methods of production which it
 

may adopt, the actual decision depending on the cost levels 
of the factors of production; labor, capital and raw materials.
 

It has become conventional to assert that labor costs are
 
"too" high, capital costs too low, and raw materials prices
 

distorted, though not in one direction. What is the precise 
meaning of these statements? Let us briefly consider each 

of the first two factor costs. 

a. Wages 

The hiring of a worker entails the payment of a cash 

wage, and one or more of the followinga payments in kind 

(housing), non-cash fringe benefits (social security), and 

in some countries such supplements as "thirteenth month" 
salary., The cost of hiring a worker is "too" high if the 
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value of the cash wage and other benefits exceeds the in­

come which the worker could command elsewhere, given his
 

abilities, both inherited and obtained by education and
 

on-the-job experience. It has long been noted that the
 

typical employee in a modern enterprise, be it a factory,
 

bank 	officep or government agency, earns considerably more 

a worker in small scale artisan shops or in self-employ­than 

ment 	such as barbering. Modern employment also provides
 

incomes considerably in excess of that of agricultural 

workers and small scale peasant farmers. It is generally
 

believed that the observed income differentials do not re­

present a reward for greater productive ability, but are
 

artificially high and institutionally supported, reflecting
 

government minimum wage legislatiox., union bargaining success,
 

and a gutlty aversion to paying lower, more appropriate wages 

which typify other activities. Nevertheless, there have 

been no studies confirming the hypothesis that such high 

wage incomes are not the result of greater work related 

skills, though .considerableanecdotal evidence exists which 

suggests that recipients of high wages are frequently un­

skilled when initially hired, their productivity may well 

increase as a result of learning on the job. Even if some 

of the observed high wage structure is related to productivity# 

it is'likely that union pressure and government minimum wage 

legislation add to any productivity based differentials.
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The statement-that wages are too high thus refers to',
 

the norm of alternate income possibilities for a similarly
 

skilled worker, either in the urban craft sector or in a
 

variety of rural activities. It does not imply that these
 

wages are excessive in comparison with those in developed
 

countries or that such workers are able to afford a luxurious
 

living standard. High wages accruing to the small group
 

lucky enough to obtain modern sector jobs do imply that
 

production will be undertaken with fewer workers than if
 

wages were lower, thus condemning those not fortunate enough
 

to obtain such jobs-to a lower standard of living than would
 

have been possible with a generally lower wage structure.
 

Instead of a million workers employed in the modern sector,
 

each receiving a wage of $500 per annum, 200,000 workers
 

may receive a wage of $900, with the remaining workers
 

earning $150 per annum.
 

b. The Cost of Plant and Equipment
 

The cost of utilizing plant and equipment reflects
 

the purchase price of a factory building or machine, and
 

the interest costs incurred in financing it. More precisely,
 

the cost of using plant or equipment is best viewed in terms
 

of the annual expenditure (depreciation of the initial ac­

quisition cost and a yearly financing charge incurred as the
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result of a decision to purchase the capital ite4' Th 

purchase cost of equipment is too low in most .LDCs in
 

the sense that the net effect of government foreign trade
 

policies is typically to artificially lower the amount of
 

domestic currency which must be given up to pay for an 

imported machine. Most LDCs have engaged in a sustained 

import substitution program, one of whose characteristics 

is to maintain an overvalued exchange rate i.e., the.. domes­

tic currency buys too m'ch foreign currency. For many 

industrial products this artificial cheapening of foreign 

goods is offset by a relatively high, often prohibitive 

tariff imposed on imported goods which compete with domes­

tically produced go.)ds. However, no tariff is imposed on
 

imported equipment, ostensibly to encourage domestic in­

vestment. Thus, LDC firms purchasing new equipment pay
 

a lower price than would exist if governments did not
 

discriminate between different types of imported goods.
 

low purchase price of course is reflected in low annual
 

depreciation charges, one of the two major components of
 

the.annual cost of using equipment.
 

IFor a precise measure of the cost of using capital
 
see Dale Jorgenson, "Capital Theory and Investment Behavior,

"American "Economic Review, May, 1963. 
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As mentioned earlier, the second major cost is the
 

financing charge. The interest rate paid by larger compa­
nies in the urban sector is too low as a result of govern­
mentally imposed limitations cn the rate of interest. 
At
 
the existing, low ceiling levels Cf rates, the total demand
 
for loanable funds eceeds the supply, and the existing
 
supply is rationed among competing companies, none of whom
 
are charged more than the legal maximum. Companies which
 
are unsuccessful in this competition are forced 
to compete 
in a gray or black market in which the rates often are
 
three- or fourfold the official one. 
They are ",erthe­
less quite willing to borrow at these rates, suggesting
 
profitability at least equal to this higher rate. 
However,
 
the financing charge for new equipment or building will
 
clearly be greatcr for those (usually small) firms which
 
are forced to compete for funds. Viewed alternately, large
 
firms,receiving as it were, subsidized loans, pay too low an
 
annual financing charge for the capital which they use.'
 

It has been argued by Ridker that a firm receiving loans
at subsidized rates may then relend these competitively, if
its internal rate of return is less than the black market rate.
If this is the case with respect to loans, allocations of
import licenses etc., the validity of the view that capital
is underpriced is open to doubt. 
The implicit position of
most analysts has been that such resale is 
a quantitatively
unimportant phenomenom. 
Clearly more work is required given
the implications of an active resale market. 
See R.Ridker,
"Employment and Unemployment in Near East and South Asian
Countries, a Review of Evidence and Issues," in Ronald G.Ridker and Harold Lubell, Emply1ment and Unemployment Problems
oftheNear East andSouth Asia New Dehli, Vikas Publications,
1971)
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Apart from measures which lead to too low a purchase
 

price and interest rate for many investors, numerous tax
 

regulations further reduce the annual charge for using
 

equipment. For example, investment credits and accele­

rated depreciation are likely to have adverse effects on
 

the choice of production methods, particularly in view of
 

the already high rates of return being earned by investors,
 
1
 

who hardly require additional incentives.


The net effect of the existing set of distortions in
 

wages and the cost of capital has presumably been to bias
 

the choice of individual firms towards unnecessarily capital
 

intensive production methods. There is little direct evi­

dence on the excessive use of very modern equipmentj rather,
 

much of the literature depends on inferences drawn from the
 

large observed discrepancy between the growth of output and
 

employment in the industrial sector. It is possible, of
 

course, that such differences arise from gains in produc­

tivity either reflecting improving workers' skill or better
 

management. Yet given the continui large flow of new
 

IFor the effect of such tax practices on the cost of using 
capital see Jorgenson, gp. cit. A detailed list of the existing 
tax legislation in a large number of Latin American countries 
is provided in "The Role of Fincal Incentives for mployment 
Promotion in the Manufacturing Industries in Central America 
and Selected Countries in the Carribbean" in Fiscal Measures 
for EmDQloent in Developing Countries (Geneva, ILO, 1972) 
pp. 183-212. 
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equipment from DCs to LDCs, some of this must be inappro­

priate, given DC wage levels for which the equipment is 

presumably appropriate, and the fact that equipment is not 

typically altered. To remove the incentives towards adop­

tion of socially inappropriate equipment, the imperfections
 

in factor markets must be reduced.
 

3. Types of Factor Price Policies Required.
 

The following sets of actions are open to LDC govern­

mentst
 

(1) Removal of the minimum wage, particularly for
 

new employees, or reducing it to the levels pre­

vailing in the craft sector.
 

(2) Undertaking policies to shift the supply curve
 

of wage goods in order to reduce their price.
 

(3) Limiting the growth of wages paid by the govern­

ment sector which often serve as a guidepost for
 

private sector wages. 

(4) Limiting the fringe benefits such as social
 

security currently in force.
 

For a detailed analysis of this question and its

importance in one LDC see, Republic of Kenya, Report of 
the Commission of Iecuiry. (Public Service Structure and
 
Renumeration Commission) (Nairobi, Government Printer, 1971).
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(5) Allowing the official exchange rate to
 

mcve towards its equilibrium value, i.e.,
 

that at which the supply and demand for
 

-foreign currency will be equal, without the 

imposition of tariffs, administrative limits 

on imports and so on. Alternately, and 

less desirably, the imposition of tariffs
 

on imported capital goods could be intro­

duced to raise their cost in domestic
 

currency.
 

(6) Removal of itmerest rate ceilings.
 

(7) Elimination of tax incentives which reduce
 

the cost of utilizing capital in production.
 

(8) Elimination of the licensing of imported raw
 

materials, a practice which has often been
 

shown to discriminate against small labor
 

intensive enterprises.
 

Two extended comments on this group of proposals are
 

in orders first, is it politically feasiblel second, will
 

it work? It would be difficult to construct a set of
 

policy proposals which would generate more intense dis­

agreement among many of the most politically powerful
 

groups who perceive the probability of substantial reduc­

tions in income. Highly paid, often unionized workers
 

82-906 0 - 77 - 14 



concentrated in urban areas would be adversely affected.
 
the Management of large companies currently enjoying
 
subsidized equipment, low interest rates and access to
 
raw materials would have to contemplate a reduction in
 
windfall profits. Those whowould benefit most, workers
 
and entrepreneurs in the craft and small Scale sectors,
 

while surely more numerous, are poorly organized and
 
likely to be less politically active. 
It is easy to
 
see why alterations in factor prices, even where the
 

potential aggregate benefits are understood by the govern­

ment, may not be attractive to it.1
 

A more immediate, technical question is whether factor
 
price changes will work. 
Changes in technique are most
 
easily made in new production decisions. Existing
 
buildings and equipment most often have limited flexi­
bility not permitting a decrease in the capital/labor ratio.
 
Will firms facing a 
changed economic environment react in
 
the anticipated direction when expanding their capacity,
 
assuming that scope exists for employing more labor in­
tensive techniques? 
Put another way, what might intervene 

between a change in relative factor prices and a change 
in method of production? 

1A good discussion of some of the political issues isto be found in Warren F. Ilchman and Norman T. Uphoff,"Beyond the Economics of Labor Intensive Development,Politics and Administration, 
Public Policy, Spring, 1974.
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First, as mentioned earlier, unless a reasonably
 

competitive environment exists, the rates of return
 

available in particular highly protected industries may
 

be such that limited effort is forthcoming to adjust
 

factor proportions. The small increment to profits re­

sulting from economizing on the now more costly inputs
 

may not be worth the effort, as long as 'reasonable"
 

profitability can be mairtained. Even assuming desire
 

to restore or augment profits, a limited amount of
 

managerial time may better be spent cajoling a somewhat
 

higher nominal protection rate for a firm's output, looser
 

quotas on critical inputs, etc., than in adjusting factor
 

proportions. The potential for additional profits in
 

this direction may simply be perceived as greater and more
 

probable than those obtainable by more intensive explora­

tion of other production methods. Avenues to increased
 

profitability other than improved productive efficiency
 

must be closed if changes in factor prices are to provide
 

the Strongest impetus to exploration of alternate techniques
 

of production.
 

Secondly, it is possible that despite the objective
 

existence of more labor intensive production methods, this.
 

knowledge is not widely dliffused among entrepreneurs.
 

Knowledge of appropriate cchniques-requires not only
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familiarity with production equipment per se, but with
 

alternate methods for carrying out a variety of sub­

sidiary operations such as intraplant movement of
 

7hese operations often
material, storage and so on. 


provide a major share of employment where the process
 

has not been prematurely mechanized. Moreover, labor
 

intensive peripheral activities are likely to be the
 

least cost method for most LDC companies unless their
 

production volume is atypically large.
1 However, these
 

alternatives are not likely to be advocated by the (large)
 

company's engineer, the equipment salesman, nor the various
 

government agencies. Nevertheless, companies in at least
 

some LDCs do utilize appropriate core equipment and peri­
2
 

pheral processes in response to the low wage of labor.


If there is reason to believe that adaptation to changed
 

factor prices is unlikely to be forthcoming due to lacunae
 

in existing knowledge or understanding, some government or
 

private aid will be needed to supplement the eight policies
 

listed above.
 

'For calculations of such costs for a typical process
 
see H. Pack, "The Substitution of Labour for Capital in
 
Kenyan Manufacturing, The Economic Journal, March 1976.
 

2pack, Ibid., and G. Ranis, "Industrial Sector Labor
 
Absorption",'conomc Development and Cultural Change,
 
April, 1973.
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B. 	A Survey of Evidence on the Effects of Changes
 
In Factor Prices.
 

There have been only a few conscious attempts by
 

LDC governments to alter relative factor pricest the
 

factor mix effects of these have not been syutematically
 

analyzed. It could, of course, be argued that the effect
 

of changes in relative factor prices is implicit in the
 

substantial number of studiesI which utilize the relation­

ship between value added per worker and the wage rate to
 

infer the ease of substitution between capital and labor. A
 

positive estimated relationship is presumptive evidence
 

of the responsiveness of factor proportions to the real
 

wage. The difficulty here is that wage growth over time
 

in an LDC may reflect labor's share of increasing producti­

vity which is itself attributable to organizational changes
 

and learning-by-doing. The growth of wages is thus not exo­

genous as required for the statistical estimating procedure.
 

The relation between the value added per worker and the
 

wage may thus provide information about wage bargaining
 

rather than the responsiveness of factor proportions to
 

2
exogenous changes in the level of wages. More direct
 

IFor example those cited in the surveys by Acharya and
 
Morawtz, op.cit.
 

2See H.jaek, "Employment and Productivity Growth in Kenyan 
Manufacturing," Yale Economic Growtn Center Discussion 
Paper 114o, especially pp. 27-29. 
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evidence on the responsiveness of factor proportions to
 

changes in relative factor prices is thus desirable 
for
 

robust inferences about the potential effectiveness 
of
 

a changed economic mileu. Unfortunately, little such
 

evidence is availabl% as the following survey suggests.
 

1. Effects of Policy Induced Changes in Factor Prices.
 

The classic "stories"of successful alteration of
 

factor prices and resultant sustained employment growth
 

are South 11orea and Taiwan, both of which allowed market
 

forces to determine (heretofore pegged)rates of interest
 

in c morelal . and savings banks.
1 In South Korea this
 

change occurred in 1965. Taiwan followed a high real
 

Table 1
interest policy throughout the 1950's and 1960's.
2 


.Analyses of the changes in policy in South Korea are
 

given in G. Brown, Pricing and Fiscal Policies in South
 
l60's and David No Cole and Princeton N.
Korea in the 


r9yman, Korean Development. The Interplay of Politics and
 

Ecrinoics, (Cambridge, Harvard University Press, 1971). 
Unfortunately neither volume, though very useful in other
 

respects, provides systematic analyses of the response of
 
A comparison
factor proportions to relative price changes. 


of South Korea and Taiwan in many dimensions of performance
 

during the 50's and 60's is provided by John C. H. Fei and
 
Gustav Ranis, "A Model of Growth and Employment in the Open
 

the Cases of Korea and Taiwan," The
Dualistic Economy: 

Journal of Development Stufies January 1975. However,"there
 
is only limited explicit analysis of the response to changed
 
factor prices.
 

2For a description of Taiwan interest rates see A. Go
 

Chandavarkar, " Some Aspects of Interest Rate Policies in
 
Less Developed Economies, The Experience of Selected Asian
 
Countries," International Monctary Fund, Staff Papers,.
 
March, 1971.
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Table I
 

Compound Rates of Growth
 

1953-58 1958-63 1966-69 

0 N 11 N 

Taiwan 9.0 1.9 13.1 2.8 20.0 13.2 

S. Korea 16o1* 5.6** 100 0.3 28.8 13.7 

* !954-58 

** 1955-58 

Q is an index of industrial production
 

N is the number of employees
 

Data Sourcei U.N. The Growth of World Industry, various issues 



210 

presents the growth rates in employment and output for
 

three periods for each country.
 

In South Korea the growth of employment and output
 

diverged quite substantially between 1954 and 1958, were
 

quite similar between 1958 and 1963, and again diverged
 

in the period 3966 to 1969. It is striking that in the 

period immediately preceding the interest rate reforms of
 

1965 the growth of average labor productivity was quite
 

low but increased after the reform was implemented. As
 

there has been little systematic investigation of production
 

in Korea, we do not know whether the similar growth rates
 

of output and employment in the 1958-63 pre-reform period
 

indicate no capital deepening or whether it reflects few
 

Conceivably, the
gains in disembodied technical progress. 


increased growth of average labor product after the reform
 

might represent productivity gains as the large group of
 

workers hired in 1958-63 accumulated experience. However,
 

the reform witnessed a growth in the real industrial wage
 

from 100 in 1965 to 132 in 1968 whereas between 1958 and
 

1963 it fell from 109 to 102. Thus, it could be argued
 

that the rise in the interest rate helped to forestall an even
 

more rapid growth in average labor product as producers re­

sponded to a growing real wage. Moreover, improved allo­

cation of new funds, particularly the greater share accruing
 

to efficient small businesses may have accelerated the growth
 

ICole and Lyman, op. cit. Table 7.3
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of productivity after 1965. If this is true, the reform
 

and the increase in the cost of capital relative to the
 

real wage may in fact have resulted in a stationary or
 

declining capital-labor ratio whose effect is obscured
 

by productivity growth. Without more knowledge of the
 

movement of the capital stock (despite a5 knowledged
 

measurement difficulties), it is impossible to infer pre­

cise results from this experiment in altering relative
 

factor prices.
 

The data on Taiwan are equally ambiguous. From 1953
 

to 1963 there was substantial growth in labor productivity.
 

Yet Fei and Ranis find only a 33 percent increase in
 

capital per worker in the industrial sector between 1952
 

and 1969; a smallrincrease must have characterized 1953
 

and 1963. If the data are correct, this implies that the
 

1953 to 1963 growth in labor productivity must have been
 

attributable to intersectoral shifts and/or intrasector
 

productivity growth, perhaps stimulated by the high real
 

interest rates. However, between 1966 and 1969 there was
 

a marked increase in the rate of job growth relative to
 

that of output, perhaps reflecting a decrease in the
 

potential for further disembodied productivity growth.
 

In sum, it is difficult to easily identify the impact of
 

appropriate factor prices on-Taiwan's employment performance,
 

certainly not at the aggregate level.
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A paper by Williamson desiqned to explore the effects
 

of changes in 
 relative factor prices in the Phillipines
 

brought about by import liberalization and devaluation 

indirectly considers changes in the ratio of capital to
 

labor costs on the rate of growth of employment. 1 Williamson 

finds that the elasticity of substitution of labor for capital
 

is greater than unity and that the speed of adjustment of 

companies to changes in the wage rate is fairly rapid.
 

However, he does not explicitly use the price of capital
 

in his analysis and his methodis open to many of the 

objectives mentioned by Acharya. doesHe find that during
 

the p-riod ot liberalization intersectoral 
resource allo­

cation dramatically improved, an oft-predicted but rarely 

verified benefit of liberalization. 
If this indeed oc­

curred, output could grow more rapidly than employment for
 

the entire industrial sector even if capital deepening were 

discouraged by the change in relative factor prices. 2 

1J. G. Williamson, "Relative Price Changes, Adjustment
 
Dynamics and Productivity Growths 
 The Case of Phillipine

Manufacturing" Econmic Development and Cultural Change, 
ot. 1971. 

2 Williamson notes that ntra-sector productivity growthwas npgative during this period so that there was limitedaggregate growth in industrial productivity despite the gain 
from reallocation.
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Another study of Williamson,1 also analyzing the 

impact of factor prices in the Phillipines, uses the 

price of capital and the capital stock explicitly, thus 

leading to more confidence in the results.2 Williamon 

finds that changes in the ratio of wages to the user cost 

of capital explain a substantial fraction of the growth 

of capital-labor ratios in the Phillipines betveen 1960 

and 1966. Despite the growth in the user cost of capital, 

nominal wages rosa more rapidly, inducing increasing capital 

intensity. 

We briefly note the experience of Singapore during 

the 1960's as an illustration of the potential effects of 

a constant or slowly rising nominal wage. Between 1968 

and 1971. the rate of growth of output in the industrial 

sector van 24.0. that of employment 17.7, and that of 

real wages 2.3 percent per annum. 

Finally, the effect of import quotas has often been 

cited as a major deterrent to the success of small, labor 

J. 0. Williamson, 'Capital Accumulation. Labor Saving

and Labor Absorption owe morew uarterly Journal of
 
11oomilca Feb., 1971.
 

28Beehowever. Gary Saxonhouse'a comment on Williamson, 

Quarterly Journal Mf yon.e, 1975.NaY, 
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intensive craft firms who.do not have the ability to. 

"lobby" for a fair allocation of raw materials.. After 

the liberalization of Pakistan's foreign exchange regime 

in the early 1960'., many of the efficient, smaller machine 

producing firms were able to expand their scaleas imported 

raw materials could be purchased in the open market. As 

the system gradually moved back towards quantitative controls, 

these firms complained of difficulty in obtaining sufficient 

materials to continue their expansion, thus slowing the rate 
1
 

of grovth of both output and employment.


The preceding survey of the response of employment to 

changes in relative factor prices omits an important effect, 

namely, the more rapid growth of capital accumulation gene­

rated by a substantial response of total private saving to 

increased real interest rates. In South Korea, Brown found 

a substantial correlation of the private saving rate with 

the real rate of interest.2 Thus, private saving as a 

percentage of GNP increased from 3.9 percent in the year 

immediately preceding the interest reform to 9.8 percent 

by 1967. Moreover, statistical analysis confirms this 

increase was entirely attributable to the rise in the real 

1For an extended discussion see Hiromitsu Kaneda and
 
Frank C. Child, "Small-Scale, Agriculturally Related In­
dustry in the Punjab," (Davis, 1971) Working Paper 11. 

2Brovn, 22. cit. and G. Brown "The Impact of Koree's 1965 
Interest Rate Reform" (mimec, 
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interest rate and not to higher real income.
 

Unfortunately, there are I'.-
other analyses of the
 
interent responsivenesR of total private saving rather th.an 
of one form of saving such an savings Occounts, 1 but if
 
such interest responsiveness is typical, 
 .is potential
 
for aiding capital accumulation and hence employent
 

is evident.
 

The preceding survey of the little evidence available
 
indicates that changes in factor prices, particularly that
 
of capital, are difficult to document as a source of the
 
rapid growth of industrial employment in Taiwn. and South
 
Korea. Relatively constant wages seem to have played an
 

important role in Singapore's successful employment per­
formancej while the increased price of capital appears to 
have
 
had 
limited effect in the Phillipines giv-.n relativm.ty rapid
 
growth in industrial wages. Whether or 
not the suess,
 

such as it was, of Singapore, South Korea and Taiwan are
 
replicable in other economies in 
 .4 . : , A 
number of special factors exist. 
 In the two .... i count-lea 
strong governments, made stronger by im.medi:te c::ternal 
threats, were able to obtain tie acqu.psce. -.e of' n.:t.nr
 

Raymond F. ikesell and James E. Zinser, "Thc 4at::z ofthe Savings Function in Developing Coaitriess a ..- ' ofthe Theoretical and bhpirical Literature." Journal t: oncir
L4terature. .March, 1973.­

http:relativm.ty
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oS classes who might otherwise have opposed policies 

leading to potential losses from the chang) in economic
 

environment. In Singapore, recent racial clashes and
 

the separation from Malaysia may have had similar effects
 

on cooperation. Secondly, all three countries are rela­

tively vell endowed with entrepreneurs& thus, given a
 

change to a more favorable economic environment, we would 

expect greater adaptation to the new opportunities than 

might characterize more skill-constrained economies. The
 

ability to search for new production methods, to adapt
 

1
central core processes and to exploit new labor intensive
 

product lines made profitable by the altered factor prices
 

may be a relatively rare capability. Moreover, in all three 

economies, domestic abilities were augmented by considerable
 

foreign skill, usually in the form of direct investment. 

Few LDCs are likely to be as open to such aid, given current
 

ideological propensities.2 A third factor was the openness
 

of these economies. The competitive strtucture, especially
 

the emphasis on exports, undoubtedly increased the responsive­

nose to changed relative factor prices, for reason indicated
 

earlier. Finally, in at least two of the countries (Singapore
 

and Taiwan) either a strong agricultural sector or the
 

1For examples see Gustav Ranis, "Industrial Sector Labor 

Absorption." ,0cOeomicDevelopment and Cultural Change, Oct.,1973. 

2 On the probable benefits from direct MNC investment see
 

0. Holleiner, "Manufactured Ixports from Less Developed Countries 
and ultinational Firms." The EConomic Journal, March, 1973. 
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imports of food from a relatively stable world market •
 

allowed the price of a major wage good to be kept steady,
 
thus reducing any upward pressure which might have developed
 
on the nominal wage paid by industrialists.
 

2. Effects of Differences in Factor Prices FacingFirms of Different Size
 

Given some of the difficulties in interpreting the
 
classical cases of policy induced changes in factor prices
 
and the possibility that these may be unusual-entrepreneur
 
or skill-rich nations-are there alternate empirical bases
 
on which to base an assessment of the potential beneficial
 
effects oz moving towards a more rational factor price
 
configuration? There is a rapidly accumulating body of 
evidence whose major implication Is that differentials in
 
factor prices faced by firms of different sizes have indeed
 
led to alternate methods of production. The higher wage 
and the lower interest rates typically paid by large firms
 
appear to have resulted in sharp variations in factor pro-.,
 
portions among 
 firms within the same industry ina given 
country. Such cross sectional evidence suggests that a
 
change in factor-price ratios is likely 
to be effective 
if combined with competitive pressures in the output market. 
We turn to a review of the available evidence. 

A large number of empirical studies have examined diffe­
rences which exist among firms of different size (as measured
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by number of employees).. Of particular interest is the
 

increase in the capital-labor ratio as the size of £Vrm
 

increases,for a given two digit industry such as textiles
 

or food processing. This pattern at least partly re­

presents the increase in the use of equipment, tools, and
 

mechanical conveyors in response to increasing wage levels
 

as firm size goes up; it being well documented that the
 

wage per worker is highly correlated with firm size. The
 

earliest demonstration of.these now conventional findings
 

appeared in analyses of Japanese manufacturingI and the
 

results have been verified for almost all LDCs which have
 

1Among the studies of Japan are two by T. Watanabe,
 
"Economic Aspects of Dualism in the Industrial Development

of Japan," Economic Development and Cultural Change, April
 
1955 and "Industrialization, Technological Progress and Dual
 
Structure" in L. Klein and K. Ohkawa, Economic Growthi the
 
Japanese Experience Since the Meiii Era (Homewood, Richard
 
D. Irwin, 1968).
 

The results of a large number of analyses of the dual
 
structure of Japanese industry are summarized by M. Shinohara
 
in B. Hoselitz, ed. The Role of Small Industry in the Pro­
cess of Eoconomic Growth (The Hague, Mouton, 1968).
 

Among the studies which confirm the general qualitative
 
pattern of increasing capital-labor ratios by firm size with­
in two or three digit branches are:
 

Gustav Ranis, Industrial Efficiency and Economic Growth:
 
A Case Study of Karachi, (Karachi, Institute of Development
 
Economies, 1961)l


A. R. Khan, "Capital Intensity and the Efficiency of Factor
 
Use-A Comparative Study of the Observed Capital-Labor Ratios
 
of Pakistani Industries," The Pakistan Development Review,
 
Summer, 19701
 

Saul Trejo, Industrialization and Employment Growth: Mexico
 
1950-65 (Ph.D. Dissertation, Yale University, 1971);


Patricio Meller, "Production Functions for Industrial Estab­
lishments of Different Sizes. the Chilean Case", Annals of 7"o­
nomic and Social Measurement, Fall, 1975.
 

I.L.O. Sharing in Development-a Programme of Employment,

Equity and Growth for the Phillipines (Geneva, ILO, 1974),
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been investigated, the major exception being Taiwan.
 

Table 2 presents fairly typical wage patterns by firm
 

size for the entire manufacturing sector in Mexico in
 

1965 and Pakistan in 1960. Disaggregation by two digit
 

branch reveals a similar pattern.
 

Thus, even if companies of all sizes paid the same
 

interest rate and had equal access to imported equipment
 

at the same price, such wage differentials provide pre­

sumptive evidence that larger firms devote more effort
 

to economize on labor than smaller ones. 
 However, equal
 

access to loan finance and equipment are not good des­

criptions of reality.
1 Typically, small firms finance
 

their expansion from the saving of the entrepreneur, his
 

a group likely to have limited
relatives and close friends; 


resources. If borrowing outside of this primary group
 

occurs, it is usually from "grey" market lenders who
 

charge two to four times the going rate charged by
 

On the other hand, commercial banks
commercial banks. 


and governmentally sponsored industrial development banks
 

usually lend to the larger firms at relatively low interest
 

ISee, for example, George Rosen, Some Aspects of In­
dustrial Finance in IndiA (Glencoe, The Free Press, 1962).1
 
Report on the Economic Survey of Bombay (Bombay University
 
of Bombay, 1959); ILO. Sharing in DTvelooment, 92. cit.1
 
Trejo. Industrialization and Employment Growth, pp. cTt.
 

82-908 0 - 77 - 15 
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Table 2 

Wage per Worker by Size of Fir 

loxico - 1965 Pakintau - 1960 

Firm Size 
(number of 
m loveen 

Wage Index 
(over 5o = 100) 

Firm Size 
(numbor of 
e=ployeee 

Wage
(loo 

Index 
and over 100) 

1-5 21 1-9 58 

6-15 41 10-19 76 

16-25 55 20-49 89 

26-50 61 50-99 96 

51-75 6', 100 and over 100 

76-100 70 

101-:50 78 

251-500 88 

> 500 100 

Sources: Trejo, op. cit., p. 112 

Ranis, op. oit., p. 33 
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rates. If interest rates of 10 or 12 percent are charged
 

by these large institutions, smaller firms will typically
 
1
 

pay 30 to 40 percent.
 

The pattern of wage and interest differentials (as well
 

as differential access to import licenses) must be assumed
 

to play a major role in the pattern of increasing capital­

intensity by size of firm as shown in Table 3 for Pakistan
 

and Mexico.
 

The pattern depicted for all firms regardless of branch
 

typically also holds when the firms are disaggregated to the
 

two digit level, though inevitably some exceptions arise.
 

The smallest companies exhibit very low capital-labor ratios,
 

high average product of capital and usually a so:.cwh~t
 

lower average product of labor. As size increases, th!
 

capital-labor ratio and output per worker increase and
 

the output per unit of capital declines. Further analysis
 

typically reveals that the smaller firms are at least as
 

efficient as the larger ones in the sense that if both were
 

to face the same socially relevant factor prices (say the
 

wage rate paid by small firms and an interest rate which
 

ISee the evidence provided by Chandavarkar, 22. cit. 
pp. 61-62. 
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Table 3 

Oapital-abor Ratios by Pirs Size 

?bxico Pakistan 

Size Capital per Size 
(mmber of voru..r (nu=ber of 
omplOYees (wooe) employoos 

1-5 10,489 1-9 

6-15 31,488 10-19 

16-25 48,603 20-02 

26-50 57,496 50-99 

51-75 62,072 >100 

76-100 63,789 

101-250 80,384 

250-500 96,18o 

> 500 104,777 

Sources: TreJo, op. cit., Table 18 

hatni., op. cit., Table 2 

Capital per
 
worker
 
(rupeess
 

.63
 

1.96 

2.13 

2.37 

2.92 
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measures the rate of return either in agriculture or small
 

scale industry), the average cost of production in smaller
 

firms would be competitive with that of larger firms, indeed
 

often lower.
 

While features of production other than differences
 

in factor price ratios might explain some of the observed
 

characteristics by firm size, most studies have concluded
 

that they play a major role. Thus, the examination of
 

capital-labor ratios by firm size provides a rich body
 

of data which confirms the likely responsiveness of entre­

preneurs to changes in their cost structure. Such studies
 

have been executed for a sufficiently large number of
 

diverse countries so that one may infer such responsive­

ness is a fairly universal phenomenon in Asia and Latin
 

America, not limited to countries with a particular history
 

or culture. It characterizes both large and small countries,
 

those which are usually thought to be skill-rich and those
 

which are not.
 

iFor example, production functions in which capital
 
becomes increasingly efficient relative to labor as the
 
desired level of output goes up. See, H. Pack and M.
 
Todaro, "Industrialization, Employment and the Choice of
 
Alternative Vintage Equipment in Less Developed Countries,"
 
Discussion Paper 95, Economic Growth Center, Yale University,
 
mimeo.
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In addition to the analysis of census and survey data,
 

a substantial literature exists based on interview techniques
 

and confirms the robustness of the small scale sector. 
A
 

number of these studies detail the skilled entrepreneur­

ship which characterizes many craft firms in LDCs.
1
 

However, it should be noted that neither the presence
 

of abundent entrepreneurship nor many examples of efficient
 

small-scale craft firms have been confirmed in sub-Saharan
 

Africa. 
A recent ILO study of Kenya, 2 despite its emphasis
 

on the potential role of the "informal sectoS" offers little
 

empirical evidence that craft firms, with say 2 to 25 employees
 

exist. 
Rather, the informal sector consists primarily of
 

self-employed craftsmen such as tailors and carpenters who
 

donot produce products which can compete with typical in­

dustrial goods in contrast to the craft firms found in the
 

IFor example, Edward H. Smith, "The Diesel Engine Industry

in Pakistan's Punjab," (Islamabad, A.I.D., 1970); Leonard

Dudley, "Learning and Productivity Change in Metal Products,"

American Economic Review, Sept., 
1972 analyzes the Colombian

metal working industry; H. Kaneda and Frank Child "Small

Scale Agriculturally Related Industry in the Punjab," 
 (Davis,

1971). 
 For a very useful survey of additional studies see
Bruce Johnston and Peter Kilby, Agriculture and Structural

Transformation (New York, Oxford University Press, 1975),
 
Especially chapters 3,7, and 8.
 

2 Oploment-Incomes andE-uality in Kenya, (Geneva,ILO,1972)
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Indian subcontinent or Latin Amerida. 
 The absence of
 
smaller firms and able entrepreneurs would, it generally
 

t'ue , require a different approach to obtaining labor
 

intensive development, as the response to changes in factor
 

prices may not be adequate.
 

C. Policy Advice to LDCs
 

1. The Need for LDC Government Agreement
 

I will take as a 'point of departure that a labor inten­

sive development process will require the active cooperation
 

of the central government of an LDC. Although it is possible
 

to attempt to stimulate labor intensive production without
 
a redirection of government policies, this appears to me to
 
be, unsustainable in the absence of changes in relative
 
factor prices and increased competitiveness in product
 

markets. One might envision, for example, advice on an
 
individual basis from A.I.D. financed private advisers on
 
small business and appropriate technology to a target group
 
of companies in an LDC. 
However, the aid recipients will
 
not, in the aggregate, be able to obtain an increasing
 
share of investible funds unless current policies of arti-


IA careful study of Nigerian small business can be
found in Peter Kilby, Industrialization in an Open Economy;
Nigeria 1945-1966 (Cambridge, Cambridge University Press,

1969). Chapter 10, in particular, emphasizes the lack of
 success of small manufacturing firms.
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ficially low interest rates combined with credit rationing
 

Arc abandoned. While small businesses usually exhibit
 

high rates of return and could successfully compete for
 

capital in a competitive market, their very smallness
 

and absence of collateral work against them in a rationed
 

market. Similarly, the extensive use of import licenses
 

in the allocation of both capit;il and intermediate goods
 

works to their disadvantage as it necessitates substantial
 

allocations of managerial time, to say nothing of cash
 

payments, to obtain the requisite licenses. In another
 

vein, unless wage good output is increased and its price
 

thus kept low, the growth of nominal wages to both small
 

and large firms will produce strong incentives to rely
 

on! increasingly capital intensive techniques. In sum,
 

the requisite changes in the allocation of investment
 

funds, import licenses, and the price of wage goods are
 

beyond the influence of private, non-profit organizations
 

and any other industrial extension agencies which work
 

directly with LDC firms.
 

Often it is argued that extension activities will
 

generate a sufficient number of success stories so that
 

the demonstration effect will induce a perhaps unwilling
 

government to pursue a labor intensive strategy, including
 

a liberalization of the credit and foreign exchange markets.
 

Such a strategy raises fundamental moral and political
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questions which are presumably sufficiently obvious that
 
they need not be discussed here. Apart from this, it iq
 
unlikely to work. Although a small number of firms may,
 
with intensive advice, identify new products, purchase
 
appropriate equipment and undertake labor intensive low
 
cost production, it is difficult to understand how this
 

can occur on a sufficiently large scale without a prior
 

change in government policiest who will lend to large
 
numbers of small enterprises at low officially sanctioned
 

interest rates given the perceived risks, the absence of
 

collateral, and disproportionately high administrative
 
costs. Yet if the "demonstration from below" approach
 

is to be persuasive it is necessary for it to occur 

simultaneously on a large scale in a number of industries
 
and regions and thus requires substantial amounts of
 

investment funds.
 

More generally, this "private-non-government- approach
 
is, in a fundamental sense, predicated on the absence of
 
entrepreneurst it 
assumes that the critical constraint
 

which has limited the growth of firms with appropriate tech­
niques is the scarcity of able and knowledgeable business­
men. Yet this assumption, for many countries, is counter­

factual. The same group of studies which analyze the pro­
duction and factor price characteristics of firms of dif­
ferent sizes also show that large numbers of small firms
 



(say with less than 50 employees) are present in many' 

non-African LDCs in most branches of productions that on
 

the basis of reported data they have made correct factor
 

choices given the factor prices they faces and that they'
 

exhibit extremely high rates of return on their invested
 

capital. For examples in Pakistan, the rate of return on
 

fixed capital was over 18 percent for medium size firms
 

(20-49 employees) and less than 12 percent for firms with
 

more than 100 employees.1 These are not the characteristics
 

one would expect if the.true bottleneck on expansion of
 

firms using appropriate technology were the absence of
 

entrepreneurial skills. 
Indeed, they are more suggestive
 

of remarkably adaptive behavior in an economic environment
 

which is skewed to favor large enterprises. While private
 

technical aid efforts can undoubtedly improve existing
 

performance, particularly in suggesting new products and
 

indicating relevant sources of tools and equipment, there
 

is little reason to doubt that had small businesses been
 

able to obtain access to critical inputs, such growth would
 

already have occurred in many countries.2 It is for these
 

1Ranis, Industrial Efficiency and Economic Growth,
Table 14. Similarly high rates of return have been found
 
in other countries.
 

Trejo o.cit., pp. 125-30 finds substantial growth for
 
those small s--can companies which were able to borrow
 
externally. Also see the references in footnote 1 
, page 26.
 



reasons that I take am the starting point the need to 

convince the central government of the desirability of
 

pursuing a more labor intensive policy in those cases
 

where this has not been true.
 

It should be emphasized that the emphasis on the need
 

to change the economic environment does not imply that a
 

variety of technical services cannot be beneficial to
 

LDCs, only that by themselves they are unlikely to exert
 

sufficiently large quantitative effects to alter the course
 

of an otherwise capital intensive development policy.
 

Similarly, the emphasis on the probable efficiency of re­

latively small companies is not meant to deny the possi­

bility that large companies may be efficient and capable
 

of adopting correct factor proportions in their production
 

processes. Indeed there is evidence that such firms are,
 

given the correct set of incentives and capable management,
 

quite adroit in identifying and adopting labor intensive
 

techniques. While larger firms, too, may derive benefits
 

from technical advice, in the absence of economic incentives
 

there may be no reason for them to seek or utilize such
 

aid.
 

ISee the Kenyan examples in Pack, %pl6yment and Producti­
vty Growthin Kenyan Manufacturing,'2o. cit. 
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2. 'ggregate Implications of Correct Factor Choice-


Governments may be unaware of the range of choices
 

open to them in pursuing greater employment growth and
 

of the magnitude of the additional jobs which could be
 

created. Their existing policies may not be malevolent
 

but a response to perceptions, such as a shortage of
 

investment opportunities, which are not accurate descrip­

tions of the reality of their economies. Indeed, many of
 

the most harmful government interventions were designed
 

to increase domestic industrial output and employment
 

in a world in which it was thought that'international trade
 

could only be harmful to LDCs because of the alleged de­

terioration in the terms of the trade. 
 It is ironic
 

that the policies undertaken to effect import substituting
 

industrialization, originally advocated by those most con­

cerned vith income distribution and unemployment, are now
 

cited as presumptive evidence of the opposition of LDC
 

governments to policies which could ameliorate current 

income maldistribution and improve low level employment
 

opportunities. While to be sure there are now some groups,
 

IFor an excellent discussion of these issues see I.
 
Little, T. Scitovsky, and A. Scott,,Industrl and Trade
 
in Some Developing Countries, (New York, Oxford University,
 
Press, 1970).
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both business and labor, deriving considerable windfall
 

exter-.
benefits from the existing system, there is also 


sive evidence of the recognition by many governments of
 

the need to alter current policies if violent change is
 

to be avoided.
 

Given my premise that changes in technique require
 

changes in factor prices, it is necessary to follow a two
 

pronged strategy of advice: (1) where governments are
 

insufficiently aware of the employment gains which will
 

result from a change in policy a demonstration is needed
 

of the aggregate gains:
1 (2) enhancement of the govern­

1The continuing blindness of many LDC governments and
 
intellectuals to the perversity of capital intensive develop­
ment policy is shown with exemplary clarity in the following:
 

In this latest effort to improve the
 
country's image, a typical example is
 
"From Blueprints to Bricks," an expen­
sively prepared booklet recently pub­
lished by the Indian Embassy in Wash­
ington. Indian sensitivity about the
 
...oxcart as a metaphor for the coun­
try's backwardness is reflected in the
 
fact that the booklet ... devotes an
 

entire page to answering the question,
 
"Is India still dependent on the oxcart?"
7
 
(New York Times, March 2, 1976) p.
 

The article then details the concern of the Indian govern­
ment to extol mechanized production of all types, and Nehru
 
is cited as having referred to modern, capital intensive
 

The same.
projects as "the new temples of Modern India." 

article quotes an economist in Dombays
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ment's ability to achieve the employment goals.
 

a. Effects on Eployment and Output.
 

There have been a large number of studies of the 

choice of technique at the process level, ranging from 

flour milling to can sealing to methods of road construc­

tion.2 Despite the demonstrated availability of alternate
 

techniques at the process level, there are nevertheless
 

very _ew studies of the aggregate effects which would be forth­

1 cont'd 

I go overseas and my friends think of
 
India as a long line of hungry, half­
naked peasants. Why, the mechanized
 
assembly lines are as much a symbol of
 
where India's going as the bloody ox­
cart that everybody always writes about.
 

Despite a decade of attempts to show the relationship
 
between capital intensive industrial production and
 
underemployment in urban areas, there is little evidence
 
that the message has been absorbed by LDC leaders.
 

See the references in footnote 1, page 2. 
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coming if all sectors adopted appropriate techniques.1
 

A fortiori, LDC policy makers cannot know these magnitudes.
 
Thus an important contribution to generating LDC interest in
 
the possibilities offered by labor intensive techniques can
 

be made bye
I
 

(1) a systematic cataloging of the economically
 
efficient techniques by industry, which have so far been
 
established. 
This would include for each process specific
 

production alternatives such as the type of core production
 
equipment available, alternate peripheral processes, the
 
sources and costs of relevant equipment. Some sample cost
 
accounting analysis such as that shown in Table 4 below
 

might aid the understanding of officials.
 

(2) The use of the above information in projection of
 
some plan or set of growth objectives which the LDC govern­
ment finds plausible or desirable. Such a plan may be the
 

1An exception is Victor E. Tokman, "Income Distribution,
Technology and Employment in Developing Countries, An
Application to Ecuador," 
 Journal of Development Economics,
May, 1975. Tooan's estimates of the aggregate gains do not
take account of potential substitution possibilities in
 many prcduction activities in which considerable scope for
additional labor intensity has been demonstrated. Nevertheless,
even within this'fairly restricted framework, it is shown that
total manufacturing employment could be increased by 17 percent
over a ten year period above that which would be generated by
continuing to use current techniques in expanding production

capacity.
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official plan document but this is not necessary. Pro­

jections can be made of probable total employment growth
 

without altering current production methods and with say
 

two alternative factor price regimes using more labor
 

intensive tecl.niques. The saving in capital obtained
 

by producing the planned output in a less capital intensive
 

manner should also be calculated, as this is a major benefit
 

that is insufficiently emphasized in most analyses. The
 

output of some projects which were nt included in the
 

original plan, but which now become feasible because of the
 

freed investment resources, should be calculated.
 

An illustration of the method Is presented in Table 

4 using data from a study on the choice of technique in 

textile production. Four methods of producing woven shirting 

material were identified, each exhibiting considerably different
 

labor requirements and capital costs. Columns 1 and 2 indicate
 

the inputs required to produce an additional 100 million
 

square yards of material, an increase well within the coals
 

of some development plans. Column 3 indicates the capital­

labor ratio associated with each type of process. Column 4
 

shows the amount of investible funds saved by adopting the
 

Lancashire loom, the least capital intensive one, rather than
 

each of the others. Column 5 indicates the additional
 

employment which would be generated by investing the funds
 

so saved in an activity whose capital-labor ratio was no
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Table 4 

Aggrogto Effects of Alternate Woaving Techniquc 

Type of Loom Requirements per 
100 million square 
yards per annum 

(1) (2) 
Manyeas, Investment 

Capital/Labor 
Ratio (2)/(1) 

(3) 

Investmont 
Funds Saved 
Using
Lncanhrc, 

(4) 

Additional 
Indirect 

EAployMent 

(5) 

Percent­
gee 

Increase I.t 
Output 

(6) 

Lancashire 2,180 S3,582,000 S 1,645 

Battory 1,110 7,163,500 6,454 $ 3,581,500 2,177 100 

Air ot 820 7,677,700 9,665 4,295,700 2,611 120 

Sulzer 510 15,006,300 29,715 11,424,300 6,944 319 

Source: Underlying data were obtained from Cottqn_snnAWPLIc.Mftt 
(Manchester, The Textile Council, 1969). The data are tmlyzed 

more extensively in H. Pack, "The Choice of Technique and Employ­

went in the Cottor. Textile Induatry," in A. Bhalla, ed., Technologi. 

and Nploynt in Indust t, (Coneva, International Labour Office, 
1975). 

82-906 0 - 77 - 16 
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greater than that of the Lancashire loom. These, of
 

course, must be added to the differences shown in
 

Column 1 to derive the total employment differentials.
 

Finally, column 6 presents the percentage increase in
 

output which could be generated by investing the saved
 

funds in additional weaving capacity. 
Obviously, other
 

possibilities will be open, the output gain calculated
 

here simply provides some orders of magnitude. I
 

The potential contribution of AID or a sponsored
 

organization in systematizing information on available
 

techniques and analyzing their implication for a given
 

LDC is obvious. Existing evidence on the benefits to
 

be derived, industry by industry, assure that these are
 

likely to be enormous and such calculations are likely,
 

at the least, to stimulate LDC governments to consider
 

some of the policies necessary to realize them.
 

b. Other Policies
 

Convincing the government of a country of the desirabil­

ity of changing the economic policies to establish a climate
 
more favorable to labor intensive development is necessary,
 

but may not be sufficient to obtain such development.
 

1For a more detailed discussion of these and other issues
see I. Pack, "The Choice of Technique and Employment in theTextile Industry" in A. Bholla, ed. Technoog and Eoloventin Industry, Geneva (International Labour Office, 175 O e 
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Although we know that firms of diverse sizes use different
 

techniques, the speed with which changes to appropriate
 

production methods will be made may be accelerated by
 

the presence of good advisory services, especially when
 

there is a demonstrated absence of entrepreneurship.
 

1. Extension Services
 

Extension-type activities are likely to be best imple­

mented by those who have been involved in industrial produc­

tion management over a long period. These managers are
 

likely to have seen the continuous evolution of production
 

methods and are aware that the 1976 method differs conside­

rably from 1956, to say nothing of 1936 and that the latter
 

two were quite viable in their time. Labor intensive methods,
 

particularly in the peripheral processes, characterized
 

American and Western European production until well after
 

World War IM.
 

These older techniques can still be used to produce
 

many high quality products which are in no way inferior to
 

those produced with more recent equipment. Thus, a large
 

pool of westerners exist who have been involved in relevant
 

production management who could convey both the physical
 

feasibility of labor intensive productiun as well as
 

some of the organizational methods and innovations which
 

surely ocurred and increased productivity. They will be more
 

attuned to the possibility of manufacturing with something
 

other than the latest method, especially where wages are
 

a fraction of the U.S. 1955 levels and interest rates are
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four to five times those in the western countries. By
 
contrastj recent graduate engineers with little production
 
experience are unlikely to be quite so open to alternate 
production possibilities. They have been exposed to the 
latest edition of a textbook in food processing and may
 
be unaware that earlier editions showed different equip­
ment. 
 Moreover, most engineering texts and courses con­
centrate almost exclusively on the technical aspectsof
 
production, such as the chemical changes which occur, rather
 
than on costs. 
Rarely are there discussions of the number
 
of workers used by a machine or the relative costs of
 
different types of equipment. 
Without exposure to the
 
concepts of costs and the discipline of product prices,
 
engineers are likely to be less open than those with produc­
tion experience, who may, in fact, have had similar academic
 

training.
 

Most of the empirical studies of successful use of
 
labor-intensive methods in LDCs are based on 
factory

visits. 
 Plant managers who have bcen successful in such
 
adaptive behavior are often articulate advocates of the
 
physical feasibility and economic rationality of substi­
tuting labor for capital. 
Thus, in addition to aid from
 
western managers, visits by industry teams of successful
 
adaptive managers from LDCs could constitute an important
 
source of advice and encouragement. 
These visits would in
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addition have the not unimportant side benefit of conferring
 

prestige on manufacturers who successfully avoid capital
 

intennive patterns; they .11 demonstrate to the recipients
 

of technical counseling that there are avenues to achieve 

supra-national recognition other than installing an auto­

mated rolling mill. Moreover, such missions may even lead
 

to a strengthening of the position and prestige of the
 

successful managers in the country of origin of the advisers.
 

No apriori case can be made about the size of firms
 

which are iikely to derive the greatest benefit from ex­

tension advice. The evidence cited in Section B on the
 

characteristics of firm by size suggests that smaller firms
 

have had, by force of circumstance, to undertake more labor
 

Intensive production in the past. Presumably, they possess
 

more knowledge about the sources of used or appropriate new
 

equipment and the types of adjustments that may be made to
 

take advantage of inexpensive inputs. Nevertheless, such
 

past adaptation might have been more extensive and produc­

tive with more information and advice. Some production
 

alternatives and potential products may not have entered the
 

set of choices among which small firms made past decisions.
 

On the other hand, large companies with perhaps limited
 

experience in choosing labor Intensive processes, may initially
 

need guidance in identifying sources of information. However,
 
they may require less aid insofar as they employ a technical
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staff which may be used in these activities. Thus, the
 

provision of industrial extension services should, at
 

the outset, be neutral with respect to size until infor­

mation.on the intensity of need can be obtained.
 

2. Tax Policies
 

Although higher interest and foreign exchange costs
 

are likely to provide strong incentives to the search
 

for more labor intensive equipment, some measures are
 

open to the government to augment these incentives, yet
 

perhaps reduce opposition to the impending changes. Most
 

LDC governments levy some form of business profits tax:
 

indeed, the wide variety of tax holidays and accelerated
 

depreciation are directed at reducing these taxes in the
 

hope of generating greater investment. As indicated
 

earlier, many of these devices decrease the cost of using
 

capital and implicitly encourage capital intensive produc­

tion methods and should thus be ended. An alternate set
 

of tax provisions for reducing the tax burden might be
 

substituted which would further encourage the search for
 

labor intensive techniques. Reductions in the average
 

rate applicable to a given level of income could be made
 

contingent on companies presenting a costing of alternate
 

production processes when considering either replacement or
 

expansion. Presentation of detailed cost estimates for at
 

http:mation.on
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least one more labor intensive process, including peri­

pheral activities, could be made the standard for
 

being placed in a preferred tax category. If the comp­

any chose the more capital intensive process despite
 

lower costs at the prevailing market prices of factors,
 

its average tax rate would be increased, rather than 

lowered. 

Table 4 illustrates the calculation.along with
 

supporting evidencewhich would be submitted by compa­

nies. Some fairly difficult issues are embedded in 

these calculations, particularly with respect to the
 

interest and wage rates to be used by firms. 
 If the
 

prevailing market levels are not socially appropriate,
 

the computations will have limited usefulness as a guide
 

to tax policy. However, some firms may find that even,
 

at existing factor prices, labor intensive equipment
 
1 

yields the lowest costs.
 

Clearly, given limited administrative ability, all
 

firms could not be required to submit such proposals.
 

Presumably, it would be best to start with the largest
 

companies and then move down through the size distri­

bution until administrative ability is exhausted. 
An
 

See. for examplethe study of Pickett 
 L G ., 2R. cit. 
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tIblv 4 

Costs of Weaving Shirting Material
 

(dollars per 100 yards)
 

Lancashire 
 Airiet 
 Sulzer
 

Loom (Elitex) Loom 
Space .198 
 .093 
 .152
 

Power 
 .385 
 .385 
 .291
 

W4eft Waste 
 .035 
 .408 
 .338
 

Pirning .472 _
 

Capitnl Costa* 
 .658 
 2.167 
 3.796
 
(including depre­
ciation and inte­
rest charges, as­
suming an intcrest
 
rate of 20 percent
 
per annum)
 

Cost of Labor 1.744 
 .652 
 .404
 
(wago$832 per
 
year)
 

Average Unit 
 3.493 
 3.705 
 4.981
 
Costs
 

Source, 
 Cotton andAlliedTextloe, 
 Vol. rI, p. 83 for lines
 
1-4. Line 6 calculated from pages 86-90.
 

including transport and inRtallation costs equal to 20
 
percent of the cost of a battery loom.
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obvious and important potential role for bilateral advice
 

would be a catalogue of alternate procenes as well as
 

training for LDC administrators, facilitating their abi­

lity.to establish the accuracy of the alternatives pre­

sented. Compliance with tax provisions could be aided
 

by the extension service.
 

Such tax provisions require some confidence that
 

more efficient, labor intensive alternatives exist whose
 

adoption would, in fact, result in lower costs for the firm.
 

That such choice exists in most industrial activities is an
 

underlying assumption of this paper. At a corrected set
 

of interest and foreign exchange ratea more labor in­

tensive techniques are, in fact, likely to be the least
 

cost techniques for producing a large number of products.
 

3. Strengthening Ability to Finance Loans
 

One other area in which a considerable contribution 

could be made by AID is strengthening the ability of LDC
 

lending institutions. The arguments made earlier for in­

creasing the access of small scale, labor-intensive firms
 

to capital ignored the ability of the existing lending
 

institutions to effectively implement lending programs.
 

Clearly, not all loan applicants will have a reasonable
 

chance of success. Some screening must take place even
 

with high rates of interest which should discourage the
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less eftcient firms from applying. Moreover, the book­

keeping involved after the loans are made is not an easy
 

task given the potentially large number of borrowers and
 

.the relatively limited experience found in the financial
 

sector in many LDCs. 
 Augmenting the administrative capa­

city of the lending sector may thus allow the removal of
 
a critical bottleneck tQ small scale lending. Portuate3yv 
the bookkeeping for these loans should be a fairly labor
 

intensive activity, providing Jobs for many high school
 

graduates. 
Assuming that both the processing and book­

keeping of loan programs will not be automated, the trai­

ning would best be undertaken by those who have had ad­

ministrative experience before routine banking activities
 

were themselves automted. This criterion suggests older
 
middle level banking officials in the DCs or some of the
 
demonstrably successful ones from LDCs as the "teachers."
 

Conclusions
 

The emphasis of this review of issues has been on the
 

necessity of convincing LDC governments of the benefits to
 

be obtained by a labor intensive approach to their future
 

economic development and the need for them to alter the
 

prices which businesses pay for their factors of produc­
tion in order to align the private profit decision with
 
that of the national interest. The major beneficiary
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of the proposed changes would be the small business sector
 

which in many countries has been found to be labor intensive
 

and highly profitable, but severely discriminated against
 

by current policies with respect to credit and the availabi­

lity of imported raw materials. Increasing the price that
 

larger companies pay for capital goods by freeing the
 

interest rate from legal limits as well as raising the price
 

of foreign equipment is also likely to result in their
 

changing the mix of capital and labor used in their pro­

duction. If this first order of the agenda can be achieved,
 

it would constitute an important change in perception and
 

commitment, without which almost all other actions are likely
 

to be futile. Nevertheless, it would be pollyanish to
 

assume that changes in factor prices are a magic wand
 

whose movement will , immediately lead to a maxi­

mum adjustment in factor proportions.
 

Even without technical aid or extension servicesthe
 

labor intensity of aggregate output should increase as the
 

result of the expansion of the quantitative importance of
 

small firms and adjustments by larger ones. Both sector4
 

though, would almost certainly benefit from a variety of
 

technical advice which would increase familiarity with
 

efficient, but older, equipment and peripheral processes,
 

such as material movement. The particular form which such
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aid should take has not been specified, though the indi­

viduals who should provide it are identified as those who
 

have had production experience in particular industries
 

before some of the recent mechanization. These advisers
 

could be organized by AID-or international organizationst
 

they might be resident in a country for a year or visit
 

for shorter periods; they would be expert in well specified
 

production processes such as meat packing rather than "food
 

processing" generalistsl they would thus be older business­

men rather than academics, production managers or super­

visors rather than staff engineers.
 

Such technical advice should strengthen the adjustment
 

in factor proportions to changes in factor prices, providing
 

yet more concrete evidence to governments of the beneficial
 

effects of the latter. 
But, it must be noted that without
 

a change in the set of economic incentives faced by business,
 

there is little reason to.believe that technical advice by
 

itself will lead to substantial changes in the labor in­

tensitt of production.
 

The entire discussion of this paper has been in terms
 

of the options open to affect the development of the manu­
facturing sector. 
Although in many LDCs manufacturing employ­

ment is.a relatively small part of total employment, it is
 

nonetheless true that an increase of 50 percent in the number
 



247 

of satisfactory jobs provided by this sector could make
 

a substantial dent in the number of poor currently engaged
 

in informal urban activities.
 

The potential for labor intensive development in
 

other sectors can also be shown to exist. The import
 

of most analyses of the green revolution is the potential
 

labor intensiveness of the new.technology, a potential
 

often not realized because of distorted price structures,
 

particularly the subsidization of modern farm equipment
 

such as tractors.1 The correction of distorted factor
 

prices wculd thus result in greater numbers of agricultural
 

jobs, reducing the absorptive burden of the industrial
 

sector.
 

A number of studies are beginning to appear about
 

the possibilities of substituting labor for capital in
 

construction activities such as roads and housing.2 These
 

analyses confirm the possibility of limiting the use of
 

equipment in some, though not all phases of construction
 

IFor a good review of the issues see Johnston and Kilby. 
Agriculture and Structural Transformation, a. cit. 

2Examples are George Irwin, Roads and Redistribution
 
(Geneva, TILO, 1975) and a forthcoming ILO study on alter­
nate techniques available in home construction, by W. Paul
 
Strapsman. A number of IBRD studies are also in process.
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projects. lihile here, too, factor prices faced by private
 

contractors and/or government agencies will be of importance,
 

other obstacles such as the organization of huge numbers
 

of workers, difficulties with the seasonal supply of
 

workers and so on will be considerably more important
 

than in the manufacturing sector; thus, organizational im­

provement would probably require more emphasis than in the
 

manufacturing sector.
 

The priorities outlined imply substantial scope for 

AIDt arranging for advisers who can persuade LDC govern­

ments of the need for change; providing these advisers with L 

detailed information system about available production options 

(including peripheral operations as well as core equipment);
 

and providing advice on techniques for altering factor
 

prices including the use of variations in profit tax rates
 

to induce a search for appropriate equipment. Provision
 

of technical production advice will also require substantial
 

AID efforts in identifying individuals who are not among
 

the traditional purveyors of development wisdom.
 

Intensive search within the business corssunity will thus
 

be necessary.
 

These activities, carefully implemented for (initially)
 

a limited number of countries should be instrumental in
 

augmenting the number of cmployment opportunities Ohich
 

allow higher incomes than those earned by the poorest
 

segments of the non-rural population.
 



APPENDIX E 

APPROPRIATE INSTITUTIONS FOR APPROPRIATE TECHNOLOGY:
A FRAMEWORK FOR ANALYSIS AND GUIDELINES FOR AID 
ROLES 

(By Dr. Bruce Koppel and Dr. Gary Hansen, East-West Technology an(
Development Institute, Honolulu, Hawaii, April 1946) 

INTRODUCT ION 

What is appropriate technology? 
 From some points of viev It
 

describes a category of particularly adaptive and ingenious 
 technical
 

choices that have been an attribute of rural 
areas and poorer countries
 

for several decades. The current appropriate technology movement from
 

this perspective is 
an attempt to acknowledge and encourage this sort
 

of creativity and, through various approaches to exchanging information,
 

an attempt to proliferate recognition that there is 
an alternative.
 

Another perspective on appropriate technologies is that It represents
 

a viable path to economic growth that it is especially suited to the
 

resource liritations and endowments of poorer areas and offers 
an
 

alternative to the uosatisfactory transfer of advanced technologies;
 

and reliance on the trickling down of the benefits of advanced technology
 

utilization to less advantaged sectors. 
The current appropriate
 

technology movement 
from this vantage is 
an attempt to legitimize and
 

elaborate the option, to 
incorporate it into the profiles of national
 

planning, and, through various approaches to generating and diffusing
 

.appropriate technologies," 
an effort to reduce unbalanced economic
 

growth, and increase employment in 
areas with chronic shortages of
 

resources necessary for more rapid growth under other alternatives.
 

This paper will argue that a distinction can be drawn among appro­

priate technologies 
that crosses between these 
two perspectives and
 

which may provide 
a more useful basis for thinking In practical terms 

about the roles of appropriate technologies in social and economic 

change. It will then be argued that the basic problem for research and
 

extension is to actively Incorporate into planning a more complete
 

(249)
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specification of the diffusion profile of anticipated and desired users.
 

Processes to implement that inclusion are discussed and roles for effective
 

allocation of AID resources identified.
 

Two types of appropriate technologies can be defined in relation 

to the problems uniquely addressed and the objectives and means character­

istically offered. The two types are: product design and production 

technology. 

The major problem addressed by product design appropriate technologies 

is the lack of access by low and moderate income producers and those in 

certain production (e.g., rice), service, or infrastructure (energy)
 

functions to capital choices which can enhance output and return. In
 

developing solutions to the problem of access sets of private and social
 

objectives have been specified as objecwivt s. The private goods to
 

be maximized are increases in output and improvements to returns to
 

labor. The social goods to be maximized are increases in output and
 

conservation of critically short or maldistributed resources (cash,
 

access to credit, fuel). Since the principal resource constraint is
 

capital, --ranging from farmers lacking cash or credit to purchase
 

equipment to the high foreign exchange costs of importing equipment,
 

the preferred means to realize the objectives noted above is to sub­

stitute a smaller, simpler, more economical technology for high-cost
 

capital.
 

The major problem addressed by production technology alternative
 

technologies is the scarcity of perceived viable alternatives to capital
 

expansion paths; paths which are typically labor displacing and
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characterized by high per-worker and per-workplace investment. In 

dcveloplng solutions to the problem of marginally viablc alternative ;, 

the basic private goods to be maximized are increased or maintained 

output levels, returns to investment and market position. The principal 

social goods to be maximized are increased or maintained output and
 

product quality and increased employment. The principal resource
 

constraint is uncertainty about firm expansion paths which are not capital
 

intensive. Uncertainty and risk can be attributed to several factors,
 

including the desmonstration effects of comparable product output in
 

industrialized societies, but a more basic set of 
factors is the perceived
 

inconsistency between non-capital intensive paths and attempts 
to
 

increase standardization, to enhance the predictability in estimating 

required inputs and attainable outputs, and to break critical input
 

and output bottlenecks. In developing apprapriate technology solutions
 

to the problem of the uncertainty of alternatives to capital-intensive
 

expansion, the preferred 
means is to reduce the uncertainty by substi­

tuting effective combinations of labor and capital to capital alone.
 

The next two sections will discuss the major "costs" which are
 

typically confronted in evaluating alternative means within each of
 

these two types of appropriate technologies, the major routes developed
 

for trade-offs between objectives and costs, the problems of defining
 

and locating appropriate target groups, and the principal derived 
or
 

second generation problems of appropriate technology utilization. An
 

outline of the argument for each type of appropriate technology is
 

presented and then illustrated through discussion of problems of
 

92.0 0 - 77 -17 
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agricultural auvelopment and rural industrialization. 
In Section I1,
the diacusmion Is focused on the problem of identifying R and D functions.
 
In Section IV, a set of roles for AID are identified which address both
 
short and long run objectives concentrated on enhancing I and D 
effectiveness and appropriateness.
 



1. What are the major

"Costs" which are 


typically confronted 
in evaluating alter-
ative means? 

W What are the major 

routes fot trade-offs 

between objectives 

and costt 


S3=TIW I: AN OV!LIU F T EAN 


Product Design 

1. Labor may be dispLaced. 

2. 	The skills and/or infra-


structure required to 

effectively utilize the 


product may not be present
 

or may be distributed in a 

fashion that Is inconsistent 
with the group initially 
identified as lacking access. 

1. Specification of "acceptable" 

levels of labor displacement. 


2. Specification of "acceptable"
 
distortions in product 

diffusion. 


3. Clearer link between the skills 
required and the labor markets 
that are to be reached. 

T
 

Production Techmology
 

1. Dislocations in work organization. 
These can ariae from new d-mando on
 
supervislon. planning task organis­
ation. group rather than Lndividual
 

skills. etc.
 

2. 	Inefficiency. that is. maintenance or
 

deterioration of quality control.
 

standardization, and overall competitive­

ness. This will be particularly problem­
atical in dual economies and/or 
economies just beginning import 
substitution emphases in the products 

and markets involved. 

3. Increased administrative costs associated 
with recruitment and training and coping 

with the possibly increased likelihood
 

of work interruptions.
 

1. Specification of "acceptable" levels 
of dislocation, inefficiency, and 

increased administrative costs. 

2. Provision of alternative forms of
 

labor subsidization and compensetion.
 

3. Rationalization of industry involved
 

to improve competitive position
 
through product differentiation and
 
sub-contractIng.
 



2. 	The Diffusion Profile
 
A. 	How is the "target" 

group identified? 

-Industry 

-Size 


Product Design 

4. Provision of alternative 

employment opportunities. 

This route assumes that the 

costs have a spatial dimension 
which amounts to encouraging 
migration and/or invites 
providing new forms of employ-
ment at the origin or the 

destination.
 

5. Provision of delivery and
 
support structures which
 
enhance the probability of
 
effective diffusion and back
 
up subsequent utilization. 
This ranges from direct 
concern with marketing to 
the organization of 
information services. 

1. 	Primarily in terms of output 

bottlenecks in activities 

already characterized by high 


labor input and/or low possi­
bilities for additional labor
 
input without reducing
 

marginal return.
 

1. The major criterion is access,

low or non-access can be 

measured through cash income, 

but it can also be measured 
in 	terms of relttm ahip to 

Productio Iftchmoloy
 

4. Provision of various input and
 
marketing facities to reuce
 
uncertainties an-i coet. 
 This can 
proceed on a national basis throuj 
various forms of regulation. etc. 
or It can proceed on a local or 
regional basis through development 
of appropriate ifrastrucezr. 

1. 	Primarily in terms of labor
 
substitution possibilities 
(without output or retuza tction). 

1. Small and medium firms, usually

defined in terms of number of
 
actual workers. amount of investment, 
and with judged potential for
expansion given market structure.
 



Product Design Production Teeooloa 

existing formal and 
money markets given 

non-formal 
the cost 

of available technologies. 

-Zdeati@ 1. The usual assumption is that 
end-users in addition to 

1. The usual assumption is that firms 
will or do have access to markets, 

lacking sufficient resources 
to acquire existing technol-
ogles, do not even have real 
access to those technologies, 
This suggests that end-users 
will be found in concentrations, 

-for new labor, for supplies and 
outputs. When tied to rural industrial 
ization, emphasis will be placed on 
market centers and firma located there 
The emphasis Is therefore on assumed 
or required linkages. 

For rural industrialization or 
agricultural development, this 
means weakly developed or non­
existent intermediate towns and t. 

market systems. The emphasis is 
therefore on the spatial 2&re­
gation of potential users. 

-Special Group 
Characteristics 

1. Most work has been in agriculture. 
Special attention is usually 
given to particular crops and/or 
particular tenure classes. 

I. 

2. 

The focus of efforts is often on firms 
which have indigenous entrepreneurs. 

Specific programs may be directed not 
at the firms directly but at partic­
ular groups of unemployed whose skills 
background, etc., are to be maximized. 

a. Row are "target" 
groups reached? 

-Organization 1. The Private Sector. Fabricators 
in the private sector often 

1. Industrial extension, 
to a managmentand/or 

-­ usually tied 
sngineiring 

will do product production and capability. 
will be involved in marketing. 



-"Style" 

C. Uhat are the major 
problems which 
typically charac-

Cara@ efforts to 
reach "target"groups. 

Product Dsign 

2. ,arketing and production are 
often Integral components of 
broader policies directed at 
the increase in production ofsome coindity. This can vary 
from subsidies to producers 

of the technology to subsidies 

to end-users 
to purchase the 

technology. 


I. Extension work is generally 
couched In terms of recom-

mendatione. 
This results from 
two basic factors. First. 

products are designed for 
some typical cmodity pro-
duction function. They are 
increments. to existing func-
tioma and as such, there is 
mu~ch less concern for 
particular adaptive stresses. 
Second, the assumption is that 
large numbers of emd-uGsea 
face virtually Identical
 
problems. tace-to-face meetang
with each user is often not 
possible. 

I. Inability to deal with all 

users often leads to focus 

on 	certain users; -but these 

may not be the target group. 
This problem is derived fromemphasis on number of 
adopters. 


Production Techoloj 

2. 	 The Private Sector. Thi is I e 
common, but private consaltam les 
may play the sams function. 

3. 	Indirectly, through subsidy or
 
compensation policies Which alter
 
Incentive strategies for som
 
"typical" target fir. to move to 
labor-Intensive expesion. 

1. 	Extension work is generally diagnostic.
 
This results from what is ultlmt ely &
 
fire by firm form of analysis, alhtbo, 
referenced to industry production­
functions and labor substitutabilities. 
Dualism and work organization character.istics requdre sometimes extensive 
modificationof industry elasticities 
to each case. Appropriate Technology asreconfiauration yields firl-focused 
anlyis. 

1. 	Location of optima. ..rine can be
 
expensive and uncertain. Reliance
 
on existing sources 
 of Information 

(tax records, etc.) may exclude the
 
very firms that are the 
 target. Arelated problem is the inability in 
many cases to know whcther the sample 
chosen is even repretarive of Ih 
target population.
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2. Some product design appro-
priate technologies require 
utilization patterns that 
differ from current production 
patterns. In agriculture, the 

2. The emphasis on management and engi­
gineering inputs may underestimate 
york organization related problems. 
-particularly quality control and 
standardization. 

typical example Is a pump 
which requires a number of 
farmers to coordinate 
activities that vere formerly 
conducted with significantly 
less coordination, 

3. Evaluation In terms of increased 
eloyment my skew firm selection 
to already expanding firms or lead 
to labor addition with very low 
marginal productivity. 

3. Provision of follow-up In 
terms of materials (spare 

parts, service) and infor­
mation is more difficult to 
institutionalize, partic- CA 

ularly for low access groups. 

D. What are the major 
routes to reduce 
problems in reaching 
"target" groups. 

1. Organization of user 
cooperatives, 

2. Assignment of diffusion 
functions to local-level 

1. Designation of particular market 
centers or urbanareas in addition 
to industry or size designations 
can provide more manageable par&­
meters for firm selection. 

planning on governmental 
institutions. 2. Organization of extension to reach 

marginal firms. This can vary from 

3. More active utilization of preliminary organization of firm 

existing private sector 
capabilities either through 

associations to utilizing marketing 
structure as an enry point. 

subsidies, etc. to local 
agribusiness sector and/or 
subsidies to users to create 
a more effective demand for 

complementary private 
investment in agribusiness. 



Produet Dein Production Technoloav 
3. Uht are the principal 1. Intermediate technologies 1. Certain types of appropriate tecb­

derived or second may be a link to unet level 	 nologites. e.g.. second-hand equipment,generation problems of of capital choices. This viii 	 may only be short-run solutions to
appropriate technology be true for cod-user. but more employment and epansie problems
Utiliation. Significantly for the agft- and they place firm in poSItion of 

business and relevant private dealing with now and more diffiLult 
sector* for which more capital problae of equipment maltmace 
choices is their logical and repair.
market expansiom and for 
policiee which encouraged by 2. Appropriate-technology capital-laer
any succeeses may look for configurations may not be effective
further capital possibilities. optiona for small and odflum fire 
All of this can have serious survivability in dual and import­
employment and migration substitution economies. 
consequences. 

3. Increased employment may require2. Product design appropriate control and coordinating functions 
technologies may increase that place significant stress on 
dependence oa external markets organizational operation. Task decom­
for parts. servicing. etc., that position for example as part of a 
may inject a major element of 	 capital stretching strategy can Lead 
uncertainty, 
 to the necessity of compensatory
 

incentives for old labor used to
 
3. For the types of econmic broader autonomy and complex manage­

activities typically cuvered went and planning functions to reduce
 
by product design appropriate the uncartaintias of absorbing and
technologiaes. Cpital choicee coordinating new labor and mew tasks. 
May represent irrev sible 
akeratioaos in production 4. The relationship between socio­
functions, 	 technical systems within the firm, 

the emergent social properties of 
4. The relationship of particular 
 the firm vithin the cosaigy and 

technologies to established assesmenats of labor substitutability
social patterns in which the often do not get recognition untilactivity is embedded may not 	 stress has been placed on exiating
become clear until after firm and firm-esmamity erganisation.
technology adaptation. This 



Product Design 

can take the form of 
dislocations in patterns of 

goal-setting, cooperation, 

labor recruitment. etc.. 
and/or in recognition of 

patterns which are more or 
less critical for the 
effective utilization of 
technologies, 

Production Technology 

S. The reliance of particular labor 
expansion paths on local and
 
regional infrastructure. -particularly
 
labor markets, -- and the fragility 
of those markets given broader
 
changes in labor incentives. This is 
part of the larger problem of the 
assumptions at-out labor and output 
markets that often characterize 
production technology appropriate 
technology vork. An example is the 
experience which has accompanied 
workplace dispersion approeaches. 
Both mar'kzta and labor projections 
prove uurellable. 
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SECTION UIA: PRODUCT DESIGN
 

For low-income farmers, increases In output and/or improed
 
returns to investment can be attained through a 
wide range of alter­
ations in the role of technology in agricultural production functions. 

Mechanical seeders, dryers, threshers, tillers, pumps, and milling 
devices are only a few examples of equipment which If properly introduced 
and utilized, can yield substantial income gains for the agricultural
 
producer. It is frequently the case however that these items and
 
other forms of agricultural equipment are available on the market at a
 
price which exceeds the purchasing power of low-income groups and at
 
a scale inappropriate for smaller parcels. 
 Broader accessibility to
 
these capital goods can only be achieved by reducing the cost of thE
 
equipment and/or enhancing the purchasing power of the end user.
 
Equipment redesign frequently exists as a cost 
reducing alternative.
 
Many agricultural devices are frequently imported and incorporate overly
 
elaborate design characteristics. In-country modification of Imported 
equipment or development of new models can yield substantive cost
 
reductions through the application of simplified design requirements.
 
the utilization of local materials, and/or the employment of low-wage
 
labor in small-scale fabrication firms. 
 Such cost reducing modifications
 
can also yield signifscant savings of foreign exchange through decreased
 

dependency on equipment imports. 

While a wide range of product design are available to Improve small 
farmer incomes, the questionof "appropriateness" must be comprehended 
within a larger social context. In more conventional terms, the 
appropriateness of any one particular technology choice must include
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some assessment of externalities or social opportunity costs (i.e., what 

may be good for the small farmer may or may not be consiatent with 

the larger public good). Some candidate technologies may yield sub­

stantial gains without any significant concomitant social costs but the 

more common example is less benign. For example, the Introduction of 

more efficient milling equipment may yield higher levels of rice output
 

but at the same time exact a heavy price in the corresponding displace­

ment of traditional methods of handpounding, a highly labor intensive
 

operation. The result in social terms can be a sizeable loss of
 

employment and income for the rural labor force.
 

The problem of assessing the appropriateness of a particular
 

technology suggests that a range of trade offs are available to the 

decision maker in coping with the task of minimizing opportunity costs 

and that certain compensatory actns (public.works projects, resettle­

ment programs, etc.) to offset the costs in loss of income for displaced 

labor may be required. 

The above example suggests that anticipating and calculating 

social repercusdons of any technological change constitutes an integral 

component of any evaluation process to assess whether a particular product 

design is appropriate or inappropriate. 

Another major component is the likelihood that the product will reach 

the desired target group. For example, even if measures are taken to 

reduce the cost of equipment, market outlets may be so distantly, 

located as to prohibit the small and low-income farmers from getting 

real access to theso products. In addition, market outlets say be
 

unavailable for absorbing the expected production increased arising from
 

the use of new equipment.
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In brief, the choice of any particular product design will likely
 

necessitate addlitional assessments of certain policy and organizational
 

measures to assure that target groups are able to benefit from the pro­

posed technical change. In many cases the process of assessment should
 

illuminate significant relationships between the problem of product
 

design and the kinds of institutional capabilities available for
 

undertaking the task& of securing its diffusion and adoption within a
 

particular clientele group. Thus, proposed designs which contain
 

moveablc parts and attendant requirement.% ior high-precision fabrication 

may entail a rcliane upon larger scale manufacturing fir-ms. While 

these firms, in contrast to rmaller metal working industries, are able 

to produce more sophisticated designs they may not have established 

market outlets in more remote areas. In addition, these firms may
 

enjoy the -. atus of being shielded from normal competitive pricing by 

virtue of government allowances which provide issured access to credit
 

and Imported raw materials. 1hese advantages. may incline firma to
 

price their products beyond the reach af lower income farmers.
 

In the first line production of a particuldr design, it may be
 

necessary to overlook the above constraints and engage the services of
 

larger fabricating firms. Larger firms are in a more secure position to
 

invest more resources in distribution and marketing services. 1hile
 

the Initial diffusion profile may be skewed in the direction of higher
 

income groups in areas of close proximity to urban centers, the eventual 

entrance into the rarket of more competitive and perhaps smaller scale 

producers may give rise to a somewhat more equitable diffusion profile. 

These diffusion bottlenecks can also be partially removed by supplementary 
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In some cases, however, the particular dimensions of a proposed
 

product design vill require major orgatilz.ikjnal and institutional
 

changes in order to 
secure 
its acceptance and effective utilization by
 

the target group. 
This is especially the case In the diffusion of 
some
 

so-called "indivisible" technologies, where the product design cannot
 

be scaled down Into smaller self contained units to meet the needs of
 

individual srall farrers. 
The apprnpriate.ness of these innovations, and
 

core particularly their capital expense, can only be justified if the
 
end users art. organized to 
 fully utilize the proposed design. The full
 

dimensions of this problem -ire implied in both the acquisition and utiliz­

atlon of ncw product designs. Thus, *h. ,.spital costs of some technical 

Inputs exceeds the purch.iring power of the individual farmer, 
a condition
 

which necessitates a mutual 
sharing of saving and 
investment burdens
 

among an aggregated clientele. 
 A siilla- need for organized responses
 

within the target grotip would also apply with respect to product
 

utilization. 
The use of tube-Alls, 
tractors and other indivisible
 

technologic:. may require a considerable degree of 
regulation and planning
 

in the allocation of 
their services. at 
peak demand periods, a condition
 

which in turn entails significant modifications and indigenous social
 

innovation 
in the collective organization and allocation of work patterns
 

within villages.
 

In sur-jry, the introduction of new 
product designs characterized
 

by th( need for group responses in the diffusion profile my require
 

substantial and sustained extension programs to strengthen or establish
 

new mechanisms of reciprocity and collaborative decision-making within
 

the Clientele group. 
 It is often the case. however, that government
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extension services and other auxiliary public agencies are unable to
 

provide an adequate levelof support for new organizational structures
 

within village communities. New capital equipment consequently remains
 

either under-utilized or 
falls under the control of groups not Identified
 

with the target clientele. Cumulative research 
on the establishment
 

of agricultural cooperatives designed to asuist low-income farmers
 

indicates that In most developing areas control over these organizations
 

and the benefits they provide eventually acrue to the more privileged
 

and higher Income groups within the rural sector. In summary, the
 

appropriateness of a particular product design will need to be assessed
 

with respect to the likely capacities for generating sustained organized
 

responses within the target group in order to 
avoid unacceptable distor­

tions in the diffusion profile.
 

Calculation of an initial cost-benefit estimate for a particular
 

product design along with an attendant assessment of anticipated
 

bottlenecks and distortions within the diffusion process needs to be
 

supplemented by analysis of likely intended and unintended social and
 

institutional implications of 
the extensive acceptance ef a particular
 

technological innovation. On the supply side of 
the equation, a wide­

spread adoption profile will likely necessitate the increased provision
 

of inqtitutional services (spare parts distributors, maintenance and
 

repair shops, credit facilities, etc.) in sustaining the optimum
 

utilization of a particular product innovation. Likewise, on the demand
 

side, the extensive adoption of a new product dect 4 n will likely entail
 

major increases In output and a larger marketable surplus. In the case
 

of agricultural commodities characterized by low elasticities of demand,
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substantial production increases at the aggregate level viii result
 

in price rructions and attendant Income losses for small-scale producers.
 

A downward price spiral of this kind would defeat the intent of a
 

technological change designed to assist small farmers and would need
 

to be mitigated by such compensatory actions as the introduction of a
 

price support program. a measure which implies a more encompassing range
 

of institutional services within the rual sector. The problem of
 

initiating compensatory policies becomes even more complicated in the
 

care of smalV-scale production of export commodities where producers
 

are highly vulnerable to the cyclical fluctuations of supply and
 

demand in world trading patterns.
 

Anticipating the secondary and tertiary effects of technological
 

change assumes greater significance when seen from the perspective that
 

a proposed product design innovation may foster increased producer
 

dependency upon market services. Since most small farmers are without
 

capital resources as a cushion against temporary vacillations in market
 

performance, any adoption of a new product design which involves less
 

insularity from market forces will pose high levels of uncertainty and
 

risk for the small-scale producer. These vrulo ,abillties are magnified
 

when new product designs enhance producer specialization in one ortwo
 

coercial crops at the expense of abandoning traditional and more
 

diversified cropping strategies for home consumption and sale. A
 

temporary price decline under conditions of increased specialization
 

can represent a substantial loss of income for some small producers and
 

an attendant decline in their access to requisite consumption Items
 

within the larger matket arena. This problem is further compounded I!
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product designs cannot be re-deployed or substituted for other production
 

functions thereby preventing small farmers from engaging in compensatory
 

actions in the pursuit of more profitable cropping strategies. Likewise,
 

the widespread adoption of certain product designs may constrain a
 

farmer from reverting to former production practices, a condition which
 

would have serious repercussions given a sudden scarcity of comple­

mentary production factors or the demise of adequate technical services.
 

Thus. intermittent or prolonged shortages of petrol and/or spare parts 

may make it prohibit Ively exp.nsiw, to su!.t.ln the operat ion of a 

motorized tilling device but equally expen!A;ve and impossible to revert 

back to anlmal power. given their p.a;t replacement and increasing 

unavailability as an alternative product ion input. 

Potential streer. and bottlenecks, rit ion.d above increase 

geometrically under condltions where the sucess!fil1 diffusion and 

adoption of one product design !i.ad di.tt lbutor, and consumers to seek 

new avenues of capit.i suhtitutlon and expansion for new or complementary 

product Ion functions. in these ,nst.nces, one or several technical 

Innovations eiay unleat.h an accelerated pa(e of technological change which 

is both unantlcipated and undesired when viewed from a larger perspective 

of the spill over effects and di.,ruptions these engendered in patterns 

of cooperation, income distribution and labor allocation within village
 

coonunities. Much of the conterporary 
literature in rural development
 

is a chronicle of how proffered and well intended technical changes have
 

triggered a chain of social and economic reactions which could neither
 

be constrained by public policy or adequately accommoodated within the
 

larger social system. It would seem Imperative therefore that the
 

82-0" 0 . I? . is 

http:su!.t.ln
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proposed diffusion of a new product design would involve both proSection 

of anticipated secondary and tertiary ramifications with respect to the 

existing social order and an assessment of the prospect of mounting an 

effective set of policies and administrative instrumentalities in 

coping with these changes. 
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SECTION IIB: PRODUCTION TECHNOLOGY
 

The concern for introducing appropriate changes in production
 

technologies is very much associated with the problem of how to
 

accelerate the transmission of growth oppoltunitles to the rural
 

sector and secondly the need for reducing capital expenditure costs
 

per unit of increased employment. In the first instance, it is
 

frequently the case that industrial growth patterns tend to cluster
 

around larger urban area; where modern production processes character­

ized by capital intensity and high wage labor assume an if
important 


not dominant role in shaping the 
larger configurations of investment
 

and employment patterns within tLe national economy. 
 At the same
 

time, however, a spatial distribution of growth opportunities in favor
 

of larger urban areas creates a corresponding loss of economic momentum
 

in rural 
areas serving to further exacerbate intersectoral discrepancies
 

in income and employment generation and accelerating the pace of rural
 

to urban migration. One corrective action in overcoming this sectoral
 

dualism and the attendant dysfunctional consequences in welfare and
 

income disparities is to undertake a program of 
industrial dispersion
 

whereby new production capacities 
ire deliberately distributed and
 

assimilated within the rural 
sector. 
 The second concern for enhancing
 

labor-capital 
ratios simply reflects the need for production technol­

ogies compatible with labor abundant and capital 
scarce resource
 

endowments. 
 In this situation, an industrial profile based upon capital
 

intensive production technologies serves to exact a heavy price 
in social
 

opportunity costs by making a scarce resource 
less available and under­

utilizing an abundant resource (labor).
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The assessment of appropriate production technologies requires an
 

understanding of the organizationof production within identified target
 

firms and the direction in which these production structures can be
 

modified in order to 
attain both higher output and greater use of labor. 

A preference for descaling production technologies into smaller units
 

reflects not only an effort to capitalize on the pre-existing pattern
 

of traditional small-scale production units within the rural sector,
 

and the attendant range of resources (capital, labor, and management)
 

at their disposal, but the interest in small production units also
 

reflects a concern to avoid the large 
resource investments for infra­

structure improvement usually required in support of 
larger production
 

units.
 

With small and medium firms as the identified target group an
 

assessment 
is then in order with respect to the range of possible and
 

appropriate changes in production technologies within these structural
 

constraints. 
An initial analytical component would be the charting
 

of likely expansion paths for smaller firms (market surveys), in order
 

to establish probable opportunities for increased production, and/or
 

improvements in existing product lines, or the adoption of 
new product
 

lines. 
 Once a new product design has been identified the next analytical
 

phase would be an assessment,of the range of alternative production
 

technologies available for utilization in the production process. 
A
 

final assessment would entail some calculations concerning the capacities
 

of the target firms and society within which they are embedded to absorb
 

and sustain a proposed range of technical innovations. In each step of
 

this analysis, assessments concerning calculations of appropriateness
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with respect to expansion paths, alternative production technologies and
 

absorptive capacities, are made from the perspective of the cost and
 

benefits a particular innovation will yield, and the various trade-offs
 

available in optimizing some values without at the same time exceeding
 

certain levels of specified stress or costs with respect to other
 

priority concerns.
 

In many instances, assessments of expansion paths and the Identifi­

cation of candidate product designs constitute areas of analytic concern
 

which link directly to the problem of selecting appropriate production
 

technologies. Thus, new products containing high precision components
 

and/or the requisite need for standardized parts will in turn most
 

likely necessitate the adoption of production technologies which are
 

relatively rigid in their factor requirements. In these instances the
 

prospects may be somewhat limited with respect to moderating capital
 

costs and expanding the scope for labor substitution. Constraints of
 

this kind assume a more prominent role when new and complex product
 

designs are in competition with products already imported from abroad
 

or under production by capital intensive firms within the indigenous
 

modern sector. Requiring and preserving a market position under these
 

conditions will place great pressure upon small firms in maintaining
 

high levels of quality.control and efficiency in order to compete with
 

established trade mark brands.
 

Assessments concerning the appropriateness of a particular expansion
 

path and the choice of certain production processes require some evaluation
 

of rural 'sector social structures and their capacity to absorb and sustain
 

a proposed range of modifications In production processes, and similarly
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some anticipatory projections of the secondary and tertiary social and
 

economic repercussions likely to be generated by these changes. 
Studies
 

of small and medium scale firms undergoing transition from simple to
 

more complex production processes indicate that a wide range of problems
 

and obstacles are encountered in adopting new patterns in the organiz­

ation of work and management practices. It is frequently the case that
 

traditional structures of work and authority are not openly responsive
 

to changes associated with the introduction of more complex production
 

technologies. In trying to anticipate probable 
sources of elasticity
 

and rigidity in the relationships between technology and work organiz­

ation and a larger set of cultural and social constraints, the primary
 

assessment task becomes one of measuring the capacity of the target
 

firms and community to support and sustain a proposed range of technology
 

innovations and specifying both the acceptable levels of social stress
 

and/or probable distortions in organization and production performance.
 

Thus, in some instances, certain components of a proposed change in
 

production technology might need to be discarded with perhaps some
 

concomitant marginal declines inquality control and output, a cost
 

judged acceptable however, given the benefits acquired in not having to
 

sustain major remodifications in traditional work patterns. 
 In other
 

instances, certain production processes are likely to be more rigid in
 

their technical and factor requirements, and consequently less amenable
 

to redesign adjustments in achieving greater compatibility with tradi­

tional structures of authority and work organization.
 

Assessment of technology choices needs to include consideration of
 

the probable secondary and tertiary costs involved in the adoption of
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new production and organizational processes. In many instances, the 

requisite demands for social change accompanying the introduction of a 

new technology may be quite substantial and pose a high level of risk 

and uncertainty for many of the participants In the target audience. 

In other cases, new forms of work organization involving more structured 

and Impersonal types of labor-management relations may have their 

replication and spill over effects in other parts of community life 

as attendant increases in labor mobility and higher levels of group 

conflict serve to undermine traditional patterns of affiliation and 

group solidarity. All of these tensions are magnified when the target
 

groups are subject to the destabilizing influences of producing for high
 

risk markets. Vulnerability to fluctuations in market demand along
 

with likely irregularities in servicing more distant markets (transport
 

bottlenecks, tariff impositioss, etc.) can exact a heavy price in
 

comunities where traditional and diversified sources of employment and
 

income have largely been supplanted by the performance of small industries
 

dependent upon a wide range of decision-making structures far removed
 

from their control. In these instances, policy and institutional
 

measures designed to sustain and reinforce acceptable measures of
 

comunity resilience and economic diversity may be in order where the 

assessment procedure reveals anticipated high levels of dislocation and 

stress attendant upon the introductionof new work and production processes. 

Once the assessment process has encompassed.a set of evaluations
 

concerning appropriateness of a projected range of expansion paths, an
 

examination of alternative production technologies, a profile of variations
 

in absorptive capacities, and anticipated social changes associated with
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the support of a particular technology innovation, the analysis should 

move to a concern for problems of diffusing and sustaining the innov­

ations within the target firms and the identification of various
 

institutional measures necessary to adequately perform this support
 

function.
 

The first task in this exercise entails the identification of the
 

target or candidate firms, a process which includes consideration of such
 

criteria as firm potentials for high levels of labor-substitution with
 

low concomitant expenditures for new capital investment, firm location in
 

proximity to existing infrastructure and market services, and likely
 

firm dispersion in areas of high labor or unemployment densities.
 

Other variables could be added to these calculations and certain
 

assessments would need 
to be made in terms of the trade-offs associated
 

with alternative strategies for firm selection. 
It Is possible for
 

example that firms with high potentials for labor substitutability
 

would not be located near required infrastructure services, or that
 

firms with adequate market centers would not be located in spatial
 

areas where policy measures intend to provide the major focus of
 

economic assistance. In this latter case, where developsent targets are
 

defined primarily in terms of spatial dimensions (an impoverished province 

or district) or group characteristics (low-income labors), it may be 

that the range and number of existing small and medium scale industries 

will be quite limited, and that major emphasis will have to be placed
 

upon the development of new firms. In addition to new firm generation, 

in any of the above cases, compensatory or ancillary measures for such 

Investments as infrastructure Improvement or higher levels of expenditures 
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for capital outlay may have to be accepted as an additional cost factor 

in the attainment of a desired range of development benefits.
 

- The assessment process for the selection of candidate target firma
 

also needs to include consideration of appropriate assistance programs
 

to introduce and sustain a proposed range of technical changes.
 

Conventional definitions of industrial extension services usually limit
 

the scope of services to engineering and management assistance, and 

while these capabilities Iay be adequate in situations where marginal 

modifications in production processes are in order, where more substantial 

changes are warranted with respect to firm production processes and 

workplace organization, a wider range of social science expertise would 

need to be made available in order to properly assess not only levels of 

managerial and technical elasticity, but more importantly to anticipate 

the range and thresholds of stress patterns under conditions of innovative
 

change within the firm structure. The need for these analytical
 

capacities is particularly important when the establishment of new
 

firms requires some familiarity with social and psychological processes
 

tied to the identification and development of new entrepreneurs.
 

The task of formulating a generalized development strategy for small 

and medium scale firms is somewhat encumbered by the fact that technical, 

managerial and organizational problems may vary widely from one firm to 

another, requiring that extension programs remain relatively responsive 

to the provision of a wide spectrum of assistance profiles. This flexi­

billty in the diffusion of services is particularly important in cases 

where knowledge of existing firm structures is relatively limited, and 

where there is some risk that initial firm samples are not sufficiently
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SECTION 111; R AND D FUNCTIONS 

The princlp.ai Implictihon of our discussion for R and D Is the 

complexity but Importancr of Incorporat Ing ictive concern for anticLpated 

diffuion ptofile. Into the R and D problem identification and project 

selectIon proceser. Incorporation of anticipated diffusion profiles 

can be su=Imrlid .i 

1. Anticipt ing. likely stresses that would be generated by 

particular product. or pro-ens designn. 

2. Making expliclt the a.t.umptions which constitute or support 

expertamt 1,,n-. of dllffu1,,on And "success." 

3. Ant Il p.t lvg tvo, .,n.ttr.. r ,.mnd/or ,alttred conditions which 

can b e expe, ti d to ircopanN dlffu ,ion or will br required to 

f.cillitate dlif~ion which cannot be adelquately confronted through 

mod if icit lou of the Appropriate technol ogy .nd which will require 

theref,re 

A. . p,i f i .,A I',t , .o c r'et.ibl, Ir., l. of -. tr,..r n-. nd/or 

spc lfc.it it , I . It r, d c ond t i,'n whi,.h --. v , I, r irt Ical 

h. spec II Iit ion o t itIri or phi'. I n : e prvct 4,J; 

c. some att rnt ron t. I. r s .i nJ c-,.t %. o I .opplemtent.ilI ct IvIt ics. 

Inco.VorAtn ) fDfft,. ion Ptof i lc.. Into Produ,.- t isEn..n'R A, r 

Target gr,upr (u'u.illy externailly Identified) or likely target 

grouIt. (A %puclfic.ation which can be madr internally) need to be Analyzed 

In terms of 

a. Hardvare And software assuaptlont. This applic ot only to the
 

end-user but to those support facilities or capacities critical for
 

http:princlp.ai
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equipment maintenance. The major hardware concerns are assiptions 

about inventories of or access to couplesentary or oupatible 

equipment. This would range from fuel and other inputs where 

required to ownership of or access to tool% for normal upkeep.
 

Software assumptions can be placed in two groups: Intra-process
 

and extra-process. Intra-process software .aniuptionsrefer to
 

characterit ec% of the procee. _nrlywhich will be directly affected 

by the proiu, denign: 

1. The major intrir-proeris concern is: How interdependent
 

are the various steps in the proce-x affected' Vhere inter­

dependence Is very high. either technlrgic ally (output of 

one stage is input of inother and the i~cr of the second Is 

dependent on the fir't cr socially (I'!.lted labor allocated 

sequentially), the Introduction Of a y r-,,rftcatIons CLy have 

effects outside of or broader than might be expected from 

simple sibstitution. 

2. The major extra-prores&. cnnernr. are: How socially and 

culturally embedded i the procrss! Iv difficult Is it to 

distinguish organization of the proceRN from organization 

of the extended family, village, etr.' Difficulties in 

distinctions will lead to problems of rxtenion entry and 

complicates understanding of production and marketing 

orientat ion. 

b. Relationships between alternative product designs and the 

organization and range of production technologies. In point a., 
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1. Reorganization of inputs. For a number of reasons, both 

economic (oroduct designs which break output bottlenecks and 

yield greater murginal return to labor may lead to a reallocation 

of labor inputs) and social (people my want to be associated 

with a new product, to the extent of reallocating time even 

If the m~rginil return. to increased equipment-time are 

diminishing). the reallocation of labor and time may lead for 

example to increased specialization, to the subcuntracting of 

formerly performed operation. etc. The question of whether 

these steps are good or not requires reference to broader 

questions referenced in point e. below but It is important to 

anticipate, weigh and assess likely changes. 

2. Reurganization of outputs. For reisens similar to those
 

discussed in d.l.. equipment which breaks an input bottleneck
 

my lead to specialization of outputs. Product focus will be
 

good or bad, of course, in relation to broader market factors
 

but he point of sections d.l. and 4.2. is that skewing may
 

occur and that particularly in somewhat fragile environments,
 

skewing oay be irreversible imwersion into market viscissitudes
 

that may prove problematical. This is most true for small­

scale industrial enterprises but it is potentially true in
 

agriculture as well. A portable dryer can encourage WYV
 

planting and input investment on the assumption the product
 

will be marketable, but it will probably lead to a broad range
 

of labor-substituting input reallocatlons (technology for labor
 



e.g. pest and weed management through chemicals rather than
 

hard labor). A hired tractor can facilitate better land
 

preparation but It may encourage reduction of multiple cropping
 

already practiced, and increased dependence on the market for
 

home consumption.
 

e. Aasessment of the durability of the current policy environment
 

and its relationship to user incentives. Assessment of both the
 

existing and prospective policy environments is an important element
 

of any process of target group identification. It relates to the
 

durability of particular problems, bottlenecks, incentives and
 

represents a guage against which to assess not simply user 
costs
 

(how long will a particular product design pay) but research and
 

development costs (what contribution will a product design make to
 

*atput, Incomeetc.). For example, a paddy rice dryer would be
 

considerably less worthwhile if 
acceptable moisture-content levels
 

were raised, If support rice prices increased enough to make even
 

penalized moist rice a paying proposition. Another example is the
 

current Direct Seeding Program in the PhLlippines. This is an
 

approach to rice planting which seeks to make maximum use of
 

average rainfall curves by direct seeding a rice crop before or at
 

the start of a rainy season, harvesting in the height of the rainy
 

season, and planting a second transplanted crop for harvest in a
 

relatively dry period. Dryers will be necexsary for the first crop.
 

It is easy to imagine a number of plausible scenarios which would
 

make the dryer a poor investment.
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I. The investment forces a comitment to a pattern of i.wd 

utilization thtt may acceler,ite nutrient depiction; thus 

requiring at the least, significant complementary Investment 

in fertilizers. 

2. Removal of adequate support levels, giving additional
 

advantage to larger or locationally more well-placed producers,
 

etc.
 

To illustrate how these types of questions might be incorporated
 

into I & D project selection for product design a form of analysis
 

we will call Likely Stress Points (LSP) will be utilized. This
 

can be seen as a decision-making aide since the problem at base
 

is one of determining needs, assessing possibilities, anticipating
 

costs and stresses, evaluating alternative modification, and
 

complementary activities, and then deciding that 
a particular design
 

and a particular package of production, marketing, utilization and
 

follow-up assumptions are appropriate. Figure 3-1 is an LSP for
 

Product Design. The columns are defined by a major dimension of
 

product design utilization; --the relation of the product to an
 

existing process. Three types of relationships are noted. Variable
 

means that the content of the function involved and the function as
 

performed with the product is characterized by a broad range of
 

empirical possibilities. This would apply in situations where a
 

variety of outputs were being produced and the function involved
 

(e.g. packaging) varied accordingly. Uniform means that the content
 

of the function does not vary with output. Uniform functions would
 

be found where there was specialization and finer divisions of labor.
 



vIm= 3-1 

P&ODUCT DESIGN LIKELY STtUSS POINTS 

Product Desin Utilization 
The relation of the product to existing process: 

The function Is: 
The product's translation of the function will be: 

IS 

NDVEL 

WILL BE 

UNI1OSN 

IS WILL BE 

VARIABLE 

IS WILL 21 

Process social 

C.'rrent emfedodeess 
Is:Labodemm &@As 

by sew prd ct 
will be: 

LOW 

HIGH 

WILL BE 

is 

Organizt ion of 

Utilizat ion: 
Increasing
Indivtoib~lltteo 

WILL BE 

Process Transformation: 
Increasing Production Function Modifications 

IM TERMS OF: regional market organization,group identifiability, 
follow up required and likely.etc. 
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Novel means that the function is not a well-established part of or
 

vell-integrated into the larger production process.
 

The rows are defined by a second dimension, the social embeddedness
 

of the process. 
Two types are noted for discussion, low and high.
 

Low eabeddedness implies that the organization of the process is
 

distinct fromthe organization of the comunity. 
The social effects
 

problem will tend to be restricted to within firm people. High
 

eabeddedness implies that the organization of the process is-closely
 

intertwined with that of the comunity. 
In this situation, alter­

natives in process can be quickly translated into broader social
 

change, which may or may not be problematical. 
The two dimensions
 

form the core relationship. The question then is to assess
 

I. the implications of changes in one dimension for what 

may be required of or will be elicited from the other 

dimension;
 

2. the linkages between relationship 1. and major diffusion
 

profile factors in 
terms of degrees of change which might 

be stress producing; complementarity and process assumptions 

which may not have been clear, leverage points for intro­

ducing and multiplying change or for modulating its intensity, etc.
 

An Illustration
 

Tugaya, a small town in the Southern Philippines is the major brass­
ware manufacturing site in the country. The process Is very labor 
intenaive and highly embedded--being a comnity activity in which decison­
making, skill transference are closely tied to broader cultural patterns
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of leadership and socialization. 
A major output bottleneck is wastage
 
due to lack of control over temperature in the brass-molding phase of
 
the process. 
With the extension of electricity to Tugaya, a proposal
 
is being made for several simple electric ovens which could maintain the
 
uniform temperatures needed. 
 The present heating method is varlable,
 
that Is, it has wide variation in performance to accommodate a broad
 
product mix and because of unpredictable components used in the heating
 
process. 
The suggested product design would make that function uniform.
 
Individuals 
are to be trained to operate these ovens and these individuals
 
would be the target of periodic retraining as agents for communication
 

of new brassware ideas.
 

The shift from variability to uniformity is 
a case of specialization
 
that, in 
a highly embedded activity, will make unnecessary skills
 
developed over time to 
predict and cope with variability. If that
 
coping skill is relatively high in the apprenticeship and cultural scales
 
of the community, what are the possibilities for non-acceptance unless
 
a short-term approach to minimizing this obsolescence is developed? 
 The
 
attempt to select a set of individuals to operate the new ovens and to
 
subsequently utilize them as extension contacts 
assumes a relatively
 
low degree of embeddedness, i.e., 
these individuals can operate external
 
relationships without jeopardizing internal ones. 
But if task roles and
 
skill transference 
are closely linked to the distribution of authority
 
and prestige, is it feasible to assume 
that Individuals selected externally
 
can function as desired or that 
individuals selected Internally will be
 
chosen on the basis of relevdnt criteria? A compromise is to expand the
 
training to operate through the apprenticeship hierarchy; and to devote
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additional emphasis to a variability area that bas not been veil developeds 

marketing.
 

This is a simple example, but it serves two purposes. First. it
 
suggests the sequence of questions that need to 
be asked and relates 

those to a core relationship--in this instance the effect of a change 
in the relationship on certain other factors. Second, It provides 

further evidence of the multidisciplinary character of the appropriate 

technology problem.
 

Incorporating Diffusion Profiles into R & D for Production Process
 

Incorporation of a diffusion profile in this category of appropriate
 

technology R and D is characterized by many of the same questions which 
pertained to product design--particularly a,c,d,e, and f. However, there
 
are additional questions which derive from the direct reorganizing thrusts
 

of appropriate technology for production process and from the predom­

inant thrust to generate employment without losing market position; 
a
 
different trade-off than that faced by appropriate technology for product
 

design (increasing output capacity without incurring high fixed costs).
 

Three major additional questions need to be addressed: 

1. 
What are the optimal possibilities for labor expansion in
 

soclotechnical terms? 
 Economic analyses of the possibilities for 

labor substitution are couched In a form of analysis that is
 
basically output-(and hence, returni related. But the capital-labor 

substitutability research and the microeconomic recomendations 

which come 
from it need to be enriched through integration with
 

sociotechnical "tracer" analysis. 
The latter examines the social
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organization of particular technical processes with spoial emphasis 

on the Jnterrelationship of production indLvisibilities and-inter­

dependencies with control and management attributes. The combination 

of CL analysis and tracer analysis would offer considerable potential 

for assessing the management feasibilities of alternative C/L 

paths and it would provide insight on the process distortions which
 

may result from labor-capital substitutions at particular points.
 

For example, C/L analysis which suggests that some capital stretching
 

strategy such as shifts would expand employment, need to be assessed
 

in terms of the coordinative requirements demanded by shift labor.
 

2. What are t,.e interrelationships between firm and community, 

--particularly in terms of labor pools, labor recruitment, and skill 

transference? Expanded demand, particularly for any special set 

of skills can place stress on existing firm-comnunity linkages. 

the feasibility and costs of going beyond existing labor markets 

can be very high--in economic terms (cost of developing new 

recruitment mechanisms), in technical terms (the problem of finding
 

or developing skills required and the intermediate costs in terms
 

of output quality, market deadlines, etc.) and in social terms (in
 

terms of residential and occupational migrants as outsiders and the 

broader alienation costs vis-a-vis the comunity).
 

3. What are the interrelationsips between the possibilitds and
 

problems in altering production processes and characteristics of the 

industry and region. The linkage to industry has been widely 

recognized and while in policy terms small or medium enterprises 

may be the focus of appropriate technologies, in more operational 
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terms, the question reduces to small or medium firms In Induatries 

presumed to have special labor elasticities and growth possibilities.
 

The significance of dualism, a structural feature of many industries
 

in developing countries, usually requires interpretation in light
 

of the production functions which characterize a particular industry.
 

The role of regional structure has been recog.ized much less often,
 

even though one of the more popular books in the appropriate technology
 

field, Schumacher's Small is Beautiful devotes considerable attention to
 

it. The viability of existing workplaces and the possibility for their
 

expansion or dispersion can be related to several dimensions of regional
 

organization:
 

a. The distribution of intermediate market centers. Thts factor
 

is particularly true in rural areas. It suggests that for both
 

efficient collection of inputs and viable marketing of outputs,
 

growth possibilities will require certain minimal externalities
 

and that externalities tend to be found in the collection of
 

functions present in intermediate centers.
 

b. The linkages between regional settlements. Settlement size, in
 

terms of functional diversity and for some products, in terms of
 

market size, Isonly one dimension. A related but distinct dimension
 

is the set of linkages which tie settlements into systems. These
 

systems can be arrayed hierarchically as functional diversity is
 

related to linkage diversity. The idealized pattern has been a
 

neat ordering of overl~pping service areas. But in most areas of
 

the third world, this pattern is not found. Instead patterns which
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reflect administrative and colonial demands are found and these
 

place several stresses on the range of choices present in desig­

nating certain industries and classes of firms within those
 

Industries as suitable growth prospects through appropriate
 

technology. 
Three patterns can be identified which yield special
 

stresses.
 

1. The Primate City. The concentration of a nation's
 

industrial, service and financial resources in 
a single
 

major urban center is perhaps the most common and most 
 serious 

problem pattern. While externalities are certainly present,
 

they take the form of critical diseconomies. First of all,
 

there may be too small a market to support the large number
 

of sellers. 
Second, the possibilities for individual firm
 

expansion through more labor-intensive production must be weighed
 

against the social costs of strengthening any "pull" factors 

for rural-urban migration. 
Third, as the term primate implies,
 

urban infrastructure may be so weakly developed outside the
 
major center that the costs of reaching that market 
 do not provide 
an effective alternative to the primate city domestic market, 
--a
 

factor that strengthens primacy and leads to distortions in
 

economic growth strategies as recent ILO missions have indicated.
 

2. The Extractive City. 
 For many developing societies, the 

principal mechanism for participation in international trade is 

the export of unprocessed or partly processed local natural 

resources. The settlement pattern that typically accompanies 

this is one characterized by a port city connected to dispersed 
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smaller settlements. The system is organized to facilitate 

movement out rather than between and it is this factor which 

places limits on growth possibilities. The effective market for 

any of the dispersed collection points will be quite small. 

The port town will have limited production externalities,
 

principally because it is mainly a transfer point. Most goods
 

are imported and most functions will be service oriented. The
 

real economic base of such a region is highly delicate. A
 

crop disease, a fall in world prices, demand for the crop, a
 

rise in shipping costs, --any of these factors can virtually
 

put the region "out of business."
 

3. The Administrative Town. This is a pattern which makes
 

sense as an approach to revenue collection, maintaining peace
 

and order and other administrative objectives. Centers are
 

developed to transmit higher level desires down and taxes up.
 

They do not have significant local or indigenous functions and
 

thus are not able to serve as effective catalyzers of economic
 

relationships. While that does not preclude such relationships
 

from developing, it can make the growth possibilities very
 

limited by making access to distantly located administrative
 

resources a critical necessity. For example, if credit alloc­

ation decisions and policies are made in Bangkok, what are the
 

Implications for small enterprise entrepreneurs in the Northeast 

who seek assistance in developing markets and hiring more people. 

A significant dimension of these three patterns is that they all tend 

to deflect extension attention away from rural areas and from non-administrative 
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centers. 
Much of the recent discussion on labor migration (Todaro), for
 

example, suggests that the probability of finding employment in an
 

urban center relative to an origin area is 
a major factor in migration
 

decisions. If that is 
so, then it follows from the high unemployment
 

characteristic of cities that the major long-term growLh possibilities
 

and short-term need are outside the big city, the extractive port, and
 

the administrative center. 
 But, the patterns described briefly require
 

that careful assessment be made of the assumptions defining target group
 

selection in terms of short and long run costs, competition and
 

complementary investments needed.
 

Figure 3-2 is 
a Likely Stress Points (LSP) diagram for incorporating
 

diffusion profile concerns into Production Process R and D. The columns
 

are defined in terms of the degiee to which production must yield standardized
 

output (borrowed from Woodward). Unit production will be outputs that
 

are made to specification, made to order. 
The variability and often
 

low volume for any single order, makes even simple forms of capital
 

stretching, i.e., jigs and fixtures, uneconomical. Batch production is
 

also production to varied specification, but the volume is sufficient
 

to permit, to differing degrees, the devotion of certain equipment to
 

thc same function for long enough periods and large enough outputs to
 

provide opportunities for 
a wriety of capital stretching and labor
 

absorbing strategies (jigs and fixtures, shifts). 
 Continuous production
 

in addition to representing continual production of the same outputs,
 

thus encouraging significant capital investments,-- is also characterized
 

by a concomitant development: 
 a high levelof task decomposition for the
 

application of capital investment that significantly increases the complexity
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and interdependence attributes of the process. 
The rows are defined by
 

the control systems characteristic of work places. 
Two types are noted.
 

Personalistic control is a highly flexible form of control, adapted to
 

varicd outputs and to supervising not simply job performance, but skill
 

transference. 
While such control systems may be highly centralized or
 

decentralized, effective control tends to be fragmented across actual
 

work-groups. It Is the work-groups which allocate labor and define the
 

overall task sequencing. Mechanical control is a form of control
 

best suited to coordinate complex and highly specialized inputs into
 

optimal patterns for output production. Control cannot be fragmented
 

because particular stages are dependent on other stages.
 

These two dimensions form the core soclotechnical system relationship.
 

The LSP proceeds through analysis of 
that system and its Interrelation­

ships to the diffusion profile factors discussed earlier.
 

An Illustration
 

The construction of wooden ships in eastern Indonesia is a process
 

that has gone on unchanged for many geuerations. A group of artisans.
 

organized in relation to 
a 20 year apprenticeship, contract themselves
 

to an entrepreneur who has found a buyer and the raw materials. 
 It is a
 

system in which seasonal unemployment is high and in which supply lags
 

behind demand; -­the latter condition weakening the wood shipbuilding
 

industry as a whole. The system is 
a unit process with highly personalistic
 

control.
 

With expansion of demand for sailing ships and with the possibility
 

for motorizing the ships to give them supplemental power, there are growth
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possibilities that are constrained by two factors: 
 1) the present
 

contracting system which leaves workers unemployed and 2) the skill
 

transference process which is premised on the construction of one boat
 

design only. To 
confront these problems, i.e., to meet demand and
 

increase employment, the following proposals have been made:
 

I. Create a "shipyard" to which buyers comewould rather than the 

complex system which currently links buyers and entrepreneurs.
 

2. Convert the organization of production 
from apprentice-focused
 

work group--each capable of building a boat--to specialization
 

focused work groups, --each capable of producing a particular
 

boat part. Instead of the same group producing a boat from
 

log to finished product, each boat would be worked on by different
 

groups at different times. Specialization, in turn, would faitil-

Itate t'- introduction of appropriate technologies for wood curing, 

more precision in cutting, etc.
 

3. The control function would shift from apprentice-based to
 

coordination derived from plans. 
 The plans would represent the
 

range of "models" possible With the components available.
 

These changes represent a number of assumptions about factors which
 

would not be stress-producing; --assumptions which would need testing:
 

1. The creation of a stationary labor force will not displace the
 

current mobile labor force.
 

2. 
The reduced need for long apprenticeship will not displace the
 

current highly skilled labor force.
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3. The increase in specialization will not stretch existing
 

managortal capabilities and will not suffer from the absence of a
 

process to replace existing master craftsmen.
 

4. The assumed expanding market will not be saturated or reduced
 

by competition with other forms of ships and thus replace seasonal
 

unemployment with no employment.
 

These assumptions do not include the problems of introducing change
 

to begin with. The recommendation is to work through the entrepreneurs.
 

However, since the entrepreneurs have only an indirect connection with
 

actual production, that recommendation amounts to an usurpation of
 

craftsmen functions by entrepreneurs or the training of new people entirely.
 

The reorganization is justified in order to meet a demand for a
 

flexible product, to support an expanded demand for ships, and to facil­

itate the introduction of managerial process adjustments to improve
 

product equality and precision and the addition of a motor to ship
 

design. A number of trade off strategies could be explored to reduce
 

the potential social dislocations and, it might be added, the unpre­

dictable direction of change in ship quality and ccmpetitiveness.
 

1. A configuration for the addition of engine power could be
 

explored which had narrower ramifications on overall ship design
 

and construction.
 

2. A shipyard could be formed without sacrificing the existing
 

work-group organization. The grounds for this tradeoff would be to
 

alter labor recruitment rather than skill acquisition processes,
 

limiting specialization to new functions (motor installation), and
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seeking to incorporate Improvements of existing functions into
 

'existinlg work organization (wood curing, rib measuring, etc.).
 

3. To prepare for a time when specialization would be unavoidable,
 

a consolidated shipyard might be encouraged to take on other
 

construction-related jobs.
 

R and D Functions Summarized
 

What should be clear by this time is that the problem of appropriate
 

technology ishighly multidisciplinary. The relative importance of
 

particular questions will vary from case to case, but because we do not
 

believe that it is possible to develop a small fixed set of questions to
 

a large number of questions must be
fit all situations, we conclude that 

held in readiness. The decision which questions to ask is the critical 

R and D function and while as will be explored below there are orgaiz­

no
ational answers to structuring proper question raising, there is 


substitute for what those organizational alternatives seek to accomplish:
 

the presence of a variety of viewpoints focused on defining and dealing
 

with a particular problem.
 

There are three additional factors. 
 First, R and D must be sensitized
 

by an active link to relevant policy agencies and processes. In a policy
 

environment unfavorable to subsidizing labor' expansion, certain target
 

groups may simply not be reached ;hrough technological inputs alone. In
 

a policy environment encouraging survival of small-scale enterprises or
 

rural industrialization, the feasibility of certain product.design and 

production process appropriate technologies increases dramatically. Second, 

R and D must be sensitized by an active link to varying elements in the
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relevant private sector. This is a delicate matter because in velfare
 

terms, some elements may lose through broader industry reorganizations
 

implied by some appropriate technologies, but it is also the case that
 

in most situations the target group itself,, if not the success of the
 

target group, will come to rest on the private sector. Third, R and D
 

needs exposure to unmediated feedback on its problem perceptions and
 

alternative solutions and that implies some type of extension function.
 

82-908 0 - 77 - 20 
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SECTION IV: A ROLE FOR AID
 

AID can move in either or both of two broad directions. First,
 

an emphasis can be placed on the short-run goals of enhancing the
 

capabilities of indigenous institutions to work on appropriate tech­

nologies. Second, an emphasis can be placed on developing a multi­

disciplinary capacity independent of or in conjunction with the assets
 

and liabilities of particular institutions.
 

The Short-Run: Enhancing Institutional Capabilities
 

Two approaches can be identified at the outset:
 

1. Arrangements can be developed to facilitate the distribution
 

.of goods produced in the U.S. This may have the advantage of
 

leapfrogging certain R and D time, but it may necessitate even
 

more R and D time to deal with the inappropriateness of such
 

technologies.
 

2. An alternative would be encourage the development of adaptive
 

research capabilities to reduce the inappropriateness of imported
 

technologies. If that goal is complemented by some interest in
 

developing or enhancing an indigenous capability to do adaptive
 

research, various forms of technical assistance can be productive
 

(e.g., Georgia Tech SSI work). This approach has a broad consti­

tuency in developing countries and capacities for adaptive research 

already exist or are being developed in a number of places. A 

variant of this approach that has considerable potential is the 

development of intermediate technology information networks, linking 

research institutes, universities and in some instance the private 

sectors in several countries (e.g. Technonet).
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Given our own argument, alternative 1. would rarely seem appropriate
 

unless the technologies were selected by and were the result of a thorough
 

process of feasibility and assessment research. Alternative 2. is a
 

reasonable strategy provided that its' most severe limitation can be
 

overcome. It does not lend itself to the development of sustainable
 

capabilities. This is because the needs for recognition of the benefits
 

of this style of indigenous problem solving may not be well developed given
 

the demonstration effect of used or obsolete Western technologies and
 

because the resources typically provided by external assistance for
 

institutional or program start-up are not complemented by local contri­

butions and goal-setting early enough to enhance possibilities for local
 

assumption of comparable responsibilites upon the termination of
 

assistance. The latter point is quite complex because the performance
 

criteria often used by external assistance organizations place greater
 

emphasis on immediate input-output accounting and less on growing local
 

capabilities which may not he reflected in immediate or high level
 

output accomplishments.
 

However, alternative 2. can be improved by raising the questions:
 

What are the advantages and diadvantages of varying types of institutions
 

and what are their major needs to make them appropriate institutions?
 

Table 4-1 suggests in outline form an answer to these two questions.
 

There are two viys to summarize Lhis table. The first is a distinction
 

between diversifying the capabilities of institutions already working on
 

appropriate technology questions and diversifying the functions of insti­

tutions with capabilities that fit appropriate technology questions but
 

not currently being applied in that manner. Universities and private
 



TABLE 4-1 

WPE OF 
INSTITUTION 

Universities 


Research 
Institutes 


Extension 

Agencies 


INSTITUTIONAL BALANCE SHEET
 

NEEDED TO BECOME AN 
APPROPRIATE INSTITUTION FOR 

ASSETS LIABILITIES 
 APPROPRIATE TECHNOLOGY
 

Possess diverse resources; Relevance in terms of 
 Better links to policy
not accountable in narrow 
 problem-oriented, action-
 and private sectorsdevelop­
economic terse alone;Broad research often not well 
 ment of internal evaluation
 
range of research is established; resources 
 criteria which support
legitimate. 
 may not permit an action action research;access
 

focus;many competing 
 to broader resources. 
demands for limited 
resources; better 
Universities usually 
concentrated in urban 
areas;organizational 
innovation very difficult. CA 

t 
Possibility of specialization Often have little connection Better links to extension 

and well defined problem focus, 
 with application or utilization and utilization evaluation;
 
of research output;specialized problem oriented rather
 
focus may be too narrow; than discipline oriented
 
difficulties in surviving 
 internal organization.
 
success,that is, knowing the
 
limits of particular
 
approaches.
 

Often quite sensitized 
 Absence of R and D capability More direct and continuing

actual problema.needs and 
 often results in misapplication links to R and D capabilitle

possibilities 
 or overuse of particular revised performance criteria
 

materials;internal performance
 
criteria tend to reward performance
 
in less complex situations
 



TABLE 4-1(continued) 

TYPE OF 

INSTITUTION 


Nanagement 

Institutes 


Private 

Industry 


INSTITUTIONAL BALANCE SHEET
 

ASSETS 


Focus on decision-making 

and risk is highly relevant; 

.substantial continuity and 

coherence in programs, 


Possibility of mobilizing 

resources often very high; 

many 'networks' for 

Implementation already in 

place;economic considerations 


ensure a form of assumption 
testing. 

LIABILITIES 


Work is often characterized 

by no critical evidence for 

appropriateness of particular 

approaches and assumptions; 


non-performance typically 

blamed on 'culture';scope 


of what can be managed often
 
overestimated;decision-aking
 
for appropriate technologies
 
not well-developed;more
 
marginal and embedded economic
 
activities typically ignored.
 

Profit motivation may not 

address basic appropriate 

technology questions adequately; 

private Industry operations 

complicated by dualism, 


NEEDED TO BECOME AN
APPROPRIATE 
INSTITUTION 
FOR

APPROPRIATE TECHNOLOGY
 

Needs to be supplemented
 
by alternative viewpoints;
 
requires link to research
 
and extension capabilities
 

which deal constructively
 
with inappropriate assumptions
 

Needs links to public
 
sector institutions to
 
ensure public good and
 
welfare objectives are
 
being addressed.
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industry in developing countries may be examples of the second. Reuearch 

Institutes, Extension Agencies and Management Institutes ay be Illustra­

tions of the first. A second form of summrisation is to draw a distinctiom 

between effective approaches to a particular problem and developing
 

capacities to engage a broad range of problem. Universities, extension 

agencies and private industry probably have the best potential for the
 

second; research institutions and management institutions problably have
 

the best potential for the first.
 

With these questions and distinctions in mind, a more effective
 

allocation of technical assistance and other AID inpuLs becomes 

discernable. The category "Other AID Inputs" can be sumarized as 

efforts to link existing capabilities In commo efforts. This could 

involve programs ranging from support for the establishment of consorti.
 

(a relatively looseconfederation of diverse institutions to work on a
 

broad range of problems related to appropriate technologies) and task
 

forces (the organization of several institutions into functional groups.
 

with each group tackling a major component of the same appropriate
 

technology problem) under the aegis of some key institutions to the
 

consolidation of existing capabilities into some nev institution. 
 The
 

major challenge for activities in the institution-building approach is
 

to enhance Indigenous problem-solving capabilities and to sustain those
 

capabilities once developed. 
This may require the incorporation of
 

representatives of commn target groups into R and D planning, a step that 

will invite the kind of accountability necessary to ensure institutions 

stay on their toe$. A major challenge for AID will be to avoid account­

ability for itself strictly in terms of the distribution of intermediate 
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technology hardware or even the creation of jobs through such hardware. 

but rather to become accountable in terms of contributing to the development 

of institutions that can weave together diverse capabilities in a focused 

fashion and continue to do that after AID leaves in a manner tha defines
 

a problem indigenously, 
 i.e., It sees the problem from the point of view
 
of the 
user and imediate benefactor aware that it is the social good 

which needs maximization and sees the problem from the point of view of
 

those directly and indirectly affected aware that acceptance requires
 

maximization of private goods.
 

The Lon-Run: Enhancing Indigenous Problem-Solving Through Expanding

Disciplinary Boundaries
 

This is a long-run objective, but it 
can be met through short- and
 

long-ru, activities. 
The basic objective is to support the establish­

ment of a field which might be called development technology. 
One
 

pillar of the field would be basic technological and engineering skills.
 

But several other pillars would together be given equal weight: 
 the
 

Individual, the Individual and work organization; work organization and
 

the region; the Individual, work organization and the region. 
A four­

year sequence is presented for illustration in Table 4-2. 
Students each
 

year would be Involved in a problem seminar on appropriate technology
 

whichwould progress from exercises involving uses of intermediate 

technologies and inventorying existing technologies to progressively 

more complex problem-solving. For undergraduates and/or for a graduate 
version of the same curriculum provision could be made for specialization 

in terms of:
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A D'VLO IMEN TECmOLOGY CURUIUm 

Year 

The Individual 

2 
The Individual and 
the organization 

3 
The organization 
and the region 

4 
The Individualthe orga ization 
and the ration 

MicroacooaOlcoo 
Social Science 
Research Methode 

Psychology 

Industrial SocioloS76 
Macroeconomicc 
Theories of 
Entrepreneurship 

Social Psychology 

ReiOtual Developmrnt
conomic Geograr'.Y 

Rual Sociology* 

Industrial Economics 
Economic Anthropology 
Alternative Extension 
Approaches 

Alternative Evaluaton 
Methodologs 

T3C =LOCTNLIATD CURRICULUM 

Continuing Seminar: Problems in Development Technology: 

-R and D Management
-Action-Remrch 
-Diffusion of Innovations 
-inventrying local technologies 
-etc. 

62 semesters 
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-- R and D management (problem identification, screening 

alternative solutions) 

-- Appropriate technology extension and evaluation 

Agricultural or industrial focus (with greater degree of 

specialization possible also) 

- Urban or rural development. 

The same profile of curriculum inputs could be decomposed or recombined
 

into modular training packates raaging from several months to a year each. 

With appropriate types of follow-up, this latter option could be fruit­

fully combined with alternative 2. in short-run objectives and serve as 

a "shakedown" for broader degree applications. Hodules and curriculum 

should be implemented on a regional basis to ensure a reasonable degree
 

of Initial relevance and where possible on a national basis to increase
 

possibilities for linkages to the policy and private sectors. An example
 

of this latter course would be the establishment of regbnal centers for
 

graduate education in development technology. The centers would be
 

located at universities with the potential for meeting regional as well
 

as national needs.
 

A Role for AID Sumnarized
 

Optimally. both the short- and long-run objectives need to be
 

addressed. A way of conceptualizing a program which sought to do this 

is presented in Table 4-3 and Figure 4-1. The key words of this conceptu­

alization are feasibility, Institutionalization and continuity. Whatever 

is to be done must be feasible--for AID and for the institutions with 

which AID would work. The critical capacities which we have already 



TANAJ 4-3 

A RZOLEFOt AID 

Phase: 

Broad Gbjecriva 

FEASIBILITY 

Demonstrate the possibility of 
institutioas doing multi-
disciplinary work on appropriate 
technologies 

INSTITUTIONALIZATION 

Strengthen capabilities 
of selected sttutl 
to do effective R and D 
and extension 

CONTINUITY
Encourage dnmlopmnt 
of a professonal 
O p sional 
ultidisciplinry 
community to arolve
and maintain standards 

Major AID 
lstruments Technical assistance and grants 

for pilot and denaostration 
projects and feasibility 
research 

Technical assistance and 
program grants to institutions; 
short-term training in U.S. 
and/or at specially assisted 
non-U.S. institutions 

Educational grants 
for U.S. and/or 
Indigenous training; 
Program grants 
and technical 
assistance vhere 
needed for curriculum 
development, testin. 

codification 

Major Indigenous 
Institutions 

Selected from Table 4-1 
and appropriate public 
agencies 

Selected from Table 4-1 Universities, 
Research Institutes 



FIGURE 4-I 

A FLOW CHART FOR THE GROWTH OF DEVELOPMENT TECHNOLOGY 

Strengthen selected National
 

Inst itut ions 
-technical and program
 
assistance to expand
 
and deepen capabilities
 

In critical functions
 

Feasibility Activities 
-Demnstration Projects 

Establishment of Regional Centers 
for Graduate Education.Documentation, 

-feaibUlity research S..hnPf o and Research In Development Technology 

Strengthen Professional Coe~unit)y 

in Development Technology
 
-non-degree and degree
 
training jur.!or and middle­
level staff;curriculua
 
development
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discussed require two characteristics before any significant change in
 

appropriate technology activity can be expected. One is the need to
 

institutionalize capacities, to locate critical masses of capabilities
 

in places where the likelihood of impact is highest. The second is the
 

need to create and/or enhance the professional infrastructure which will
 

guide the long-range course of this type of work and thus ensure that
 

the learning process is a) cumulative and b) not restricted to individual
 

experiences within a few institutions. In other words, it is the
 

professional infrastructure which will provide continuity.
 

AID can begin with selected feasibility activities to deonstrate the
 

possibilitie& of organizing for and programming around multidisciplinary
 

approaches to technological R and D. AID can then embark on a carefully
 

designed program to strengthen selected national institutions and
 

prepare them for the assumption of regional roles as the professional
 

manpower for regional Institutions is created through non-degree
 

trabing of junior and middle-level staff.
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CONCLUSION
 

Most discussions of appropriate technology are cast in 
terms of
 
economic and engineering decision-making. The question of social
 

effects is always present but rarely given sustained attention. We
 

have no quarrel with attention to economic and engineering decision­

making, -­only an objection to the tendency to disembody the decision­

makers from the social milieu in which decisions are made or to pursue
 

adequately the linkages between choices, decisions and social milieu.
 

Those objections might be peripheral were it not for the social and
 
cultural situations into which appropriate technologies are 
to be
 

insinuated. 
In these situations, the category social effects is 
not even
 
the whole story because what roles technologies will actually have and
 

how they will actually be utilized will be an "effect" of local
 

social and cultural organization.
 

We have tried 
to strike a middle but feasible ground between the
 

biases of the existing mainstream and the biases of a more system-oriented
 

view. 
We do not deny that change is often disruptive nor do we suggest
 
that it be avoided because of that. 
 Instead, we have tried to make three
 

points.
 

1. The decision-problem in appropriate technology Is 
not how to
 

satisfy lists of eloquent and often inconsistent criteria of
 

what appropriate technologies are or ought 
to be. The decision
 

problem is a trade-off problem in which hard judgments need to be
 

made about costs and benefits, impacts and opportunities.
 

2. 
In making those kinds of decisions, it Is first necessary to
 

anticipate as best as possible what the terms of trade-offs will
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be and having made those decisions, it is even more important to
 

continue assessing the terms of the trade-offs. One way to do
 

all this without sacrificing change is to compare intervention and
 

explication strategies. The former seeks to minimize social
 

effects, the latter tries to utilize them.
 

3. External assistance can make a short-range contribution by
 

providing the materials to enter a diffusion stream. The role
 

of assistance is then defined in relation to alternative forms of
 

initiating and maintaining a diffusion stream. External assistance
 

can make a long-range contribution by going to the heart of the
 

problem--it is currently one defined by multidisciplinary fields-­

and seeking to create an integrated professional community which
 

can develop and maintain perspectives and standards, cumulate,
 

evaluate and transmit experience. The role of assistance is then
 

defined in relation to wedding alternative substantive strands.
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ATTACHMENT F 
EXTRACTS FRom PAPFRS ON AI-PROPRiATE TECHNOLOGY 

APPROPRIATE AGRICULTURAL TECHNOLOGY: ASSESSMENT OF 
NONFARM IMPACTS 

(By Clark Edwards, Economic Research Service, U.S. Department of Agriculture) 

CONCLUSIONS AND IMPLICATIONS 
Ah objective of economic (levelopment in less developed countries (LDC's) is to 

increase agricultural output as a means toward improving the availability offood and at the same time toward generating a surplus which can be used to
foster further economic growth. There is concern both with the efficiency of pro­
ducing and ith the equity of distributing food and income. Intermediate agri­
cultural technologies, which are efficient and also al))roprlate to social, religious,
political and economic conditions, are preferred to high technologies. The lattermay appear to drive faster aLnd harder towari'd efficiency goals, but appearanlces
somnetimes deceive. High technology tends to increase lie Income distributional 
problems between the "haves" and "have-nots."

Even appropriate technology, taken as a single means toward a single end, canhave side effects. Two mechanisms through which these effects are transmitted 
are: forward and backward linkages from the advancing agricultural sector to
the noafarm sector; and changing opportunity costs for resources, particularly
for unskilled labor. To the extent that such unintended side effects are also un­
desirable, a successful program to intro(duce appropriate agricultural technology
to LDC's needs to he accompanied by companion strategies to maintain balanced
growth. The companion strategies serve to increase the availability of local re­sources, expand markets for local products, ensure equitable regional distribution 
of economic gains, and build appropriate Institutions.

Unskilled labor Is tie rewoure most likely to hip in abundance and underused. 
Some policies emphasize birth control or migration strategies to deal with thelabor surplus. The latter tends to be more a way to transfer the problem from 
one region to another than to sol'(, it. Eduhcation promgrams which raise the skill
levels of these workers and enable them to join a relatively skilled labor force,
appear to show more promise. Policies to introduce large inputs of capital from 
abroad tend to accompany inducements for nmalappropriate technologies and in. 
stitutional arrangements; emphasis at first should be on finding appropriate op­portunities for small increments 4!f local capital accumulated from the increasingagricultural surplus. Natural resource development policies may emphasize de­
velopment of indigenous materials, including minerals, thnber, and water, for 
use in both farm and nonagricultural industries.

Terhnological advance must be appropriate for nonfarm economic activity as 
well as on the farm. This includes flnling ways for processing and distributing
farm products, manufacturing and marketing purchased farm inputs, and village
and urban nonagricultural industry development needed to create Jobs and In­
crease the productivity of unskilled labor. Introduction of appropriate technologyrequires education iII the form of on-the-job training for workers and also in the
form of technical assistance for entrepreneurs. The burden for conducting re­search and disseminating new i(eas may, in the begianing, depend on nonlocal
people, but implementation and further developments of appropriate technology 
over tine shomld Imcomne endogenous.

Market expansion should concentrate on local village markets first. Derived
demand for jobs for unemployed village residents depends on building the eco. 
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mimle base of the village conuninnty. The quality of life of those residents de­

pends on their oplortunitles to consume what they produce. Domestic urban 
inarkets shotid receive attention second, and expading markets for exports 

third, Value added domestically is preferred to exports of raw materials. Import 
value added to imports of raw materials add to de­substitution and domestic 

rived demands for donestic resoulrces. 
RegiOtl emhiasis should begin with develolment of a rural, nonfarii econ­

omy In tht, agricultural village and small town. At first. the local economy imy 
lielinked to the agricultural base, but over time nonagricultural industries need 
to be developed to sustain regional growth. Explicit policies need to lbcImple­
iented to develop transportation and commounication channels aniong villages 
and sinall towns and between these and the larger urban centers. Policies need 
to ailddress equitable regionaIldispersion of economic development over the enl­
tirelaloll lie conlcerned1 Nvithi m1ailtainlng a rural-urban b ala nce.natnand niel 

Institution boilding aiy emilnlasize ecoiani(e Institutions, Including those 
which cieate miiarkets for goods and services as well Ias nioney inarkets an(] those 

wiich establish goals an(d plaits for eoion licdevelopmnt. But these must be 
accomlpanied by concern for builling social, religions, and political institutions 
as well. which are organized to ass(ss goals, resolve conflicts, and deal with 
clhanoge. 

APPROPRIATE TECHNOLOGY FOR AGRICULTURAL DEVELOPMENT* 

(By Joint S. Bals, NE/TE('II. All)) 

SUMMARY
 

An alproiriate agricultural machinery technology should Include three major 
tategorles of hardwure with i diversity of options in each category. The major 
categories are hand tools, improved aninal tools and small tractors. The design 
options wouhlladapt tile equipment for the diversity of farming operations of 
the LD('s. This equipment would lie designed, produced. distrlloted and serv-
Iced for the family farm enterprises of the LDC and should achieve measurable 
positive benefits in terms of both production and employment. Although it is 
possible to ilke a narrow econonle and technical cast for larger tractors ias 
alroprilate technology this case isweakened by the consideratIon of the soelo­
political impacts of the large tractor technology. The problens experienced by 
LDC's in in( reform 1habeen taken as Indication that adequate political will 
does not exist to restructure drastically the pattern of farminig enterprises. Thls 
the appropriate technology should he designed to raise the prosluctivity with the 
broadest seglnent of smaller farmers using i techlology that is heavily depend­
ent on labor. Tils strategy (ontains ittrade-off of production and employment 
factors and represents a jutlgment tilt at this stage is not well supported with 
field data. Romne caution an( continuous evaluation is suggested during the pur­
suit of the strategy to ensure that the benefits do in actuality conform to the 
expectations ill an acceptable degree. 

Pamifly Farm as the Target Oroitp.-The family farm enterprises of the lI)C. 
like their U.S. counterpart are the most efficient users of available land. This 
strategy would provide these farmers with the tools and equipment to further 
raise production and the well-being of the farmo family and] their society. These 
farmers are not well off economically. in fact generally significantly poorer than 
the urban labor class. In past development programs there has been a preocca-
Iatlon with production for the commercial market which resulted in the neglect 
of the family farm. More i ecently the emphasis on the "rural poor" focused upon 
the landless and therefore also neglected tile family farm group. The family farmn 
merits attention because It Is a poor group with production lotential. The family 
farm Is nlot a narrow typology and the strategy has the flexibility to suPport the 
ful galiut of mechanical technology required to develop the potential of this 
segient of the LDC ecnoliny. 

A PositivcSocial Impact.-An Increase in total food supply and an increase In 
hlconle of a sizeable segment of the faril population will have broad social bene­

*Dlacusslon Paper Prepared for Appropriate Technology Committee of AID/W Staff. 
1170.ritne 
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This strategy attempts to Improve equity I)ypositively excluding a sizeable 
segneit at the top end of the econonmic spectrum. However the available produc­
tion parameters Indicate that there are limits on tilelabor absorptive capacity 
of a production increasing technology and it is not proposed that this technology 
will correct all social ills although there is expected to lie a net gain in well-being. 
1'rodurtivit,, Ilcnefts.-This technology will not produce maximum production 
per unit of input as this is only one of the benefits sought from the intervention. 
lowever the internal lotivation of the family farm enterprise is comparatively 
high. le'rhalis higher than call lieattributed to economic factors alone. Thus, tile 
return for imnproving tile proluction technology is iultiplied by the factor of good 
managenlcnt. A Ilrge portion of the iroKldl(i n1will le Consulled by tilefarmer 
and by his albor force thus making leasurelment difficult. At the same time a 
ick of fertilizer, for examiple, ilay ill fact limit llroduction more seriously than 

will Ie assisted by tilebetter tools. Iealistically itis tie' conmbination of better 
fErinng iiithods rather thian inlyone that p riodhc' cro1p yields aid it will he 
necessary Io expand all of tile inputx ill slnic coordinated manner in aclieving 
lil productlvity gain. 

fits. 


road Based E.',vonoo, mi' t.-The industrial facilities for producing, dis­m 

triunting, servicing till(] relairing of this ichologyalpropriate (alnlie wholly 
Ihndigenous or nearly so. This Irolldens lii, econlllldi benlefit illthe society and 
also vonforns with fiscal managemll en'lt objectives of many LI)('s. The simplicity
opftill technolo;gy anld Itscalp:alility for ilnilncdiale utilization (-til make it Itil 
attratlive IJlvestinelt fiir local eintrellrlleurs. It is generallly felt that previous 
i'iilni1lsi oi Solphistlicated thclillology was too 11113py stiIlauhte wide interestto 
an( heilne resources were acu'lllulling or being ('lrixlullled ulnpriodutively. The 
irolosed Iechnology offers the opiortunity to lest that hy'lotliess. 'I'Tle caveates 
il.list tp hastily addhed. Thiiere is 111 extensive set of policy and administrative
 

adjustinlents thlatilst b' s1111111tlleolsly institlited if the full benellitsof tills
 
eclhnology tire toit,realized.
 

Ilroad'linscd I'olitical 11petct.-iThe objective is to provide itmodest positive 
i'l.(lOnle andl/or so'ial Ijentit to a broad segnent of tile loplation. Till' target 
groll of farii families ar-inininally involvei, or at the iiiiiediate frilnges of, 
il Iiresent iiro'sses. Strengthning status, notably'llcal of their eclomlic 

ihilr relative econonli stiltns, is expwti'd to i1love Ii 'lrlllitical Cliability.
 
At till'n1i t,ime tii ere is Io tihreat of i Istlilit ill revolution, iior Is It necessary
 
iS i i priec'ndition for utilizing the te.ililogy. Thus the pIrthilctling plitical
 

xasesholll iroaden itsthe illlacts of tie tiehnology airi felt. Tills broadenIing
 
will iot s y be Ii iNllinumers of flarlers. lut linnumbnilers of Industrial or irbai
 
p1artIipants as well. Soiine Iiy bt coneriled iusthe iolitical Interests of agricul­
to r' lre strengt ii'ii aed(idI 'gini to reslinlIp ti' aigro-h ixit s. Yet tie agro

Inlustrhs Interests 11ay thil h'iI'es becolne the oltial bridge that links the
 
existing conservativ'e riral miajority nid tile s(lletinis ]hyiper-'nlodern nrbaai
 
Industrial class.
 

Compatiblc With Existinq Technolog.-TIe appropriate technology conceIt 
readily assiilltes existing traditional and mllodern technologies. It Is not liro­
posed to rephlce any existing te'ihnlogy With 11technology piroposed to be "'right".

It is proposed that -xlstlng technology will lie 0o11plphieilted
supplelental and 

iii the course of Imiproveinti . )isllaceiiient will occur in the context of evoilu­
tionary Iniprovelent iS rsourlces are Imobilizd . The estahlshnlieit of the low
 
technioloies will iprove the productivity of the existing technologies by collimol
 
relihnce on tilesamle infrast ructuri' in(1 Other felatures iflle econonly and uNocial
 
structure.
 
Requires Mifnioial Ilacilitatili; l'ro/rams.-Tii'e lDC's have made significant
 

gains in fertilizer, irrigation, etc. fur IIY' agriculurertI i Industry and Infra­
tructure of i Iiohrii economly. Tei'se art tih esserntial buillng blocks of the
 
new technology. These Ilocks ieed to I(eexlilei aid (erh1ps niosified to permlit 
continuell agrihcltural expansion, lit drastic ilodiliations are not required. 
There 11111Yhe nmjor Iproblels ini expinding these varlous clenrts, but the expan­
sion of the agricultlural eConii.3' Shouhli aillijor rucellrc enabling more rapid 
expansion.

The crucial factor Is to s'rceive tle Influential nature of a met of Interlinked 
Policy and administrative i)lIcli's focusedi at the family farm as a dynamic eco­
nolile enterprise. The family farni his the capability of a high multiplier effect 
Illutilizing development resources to yiell both a production Increase and all 
ihmpirovement In soc'ial well iing. Policy reformulation and some restructuring of 
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the administrd t ive set-up are necessary to achieve tie target objective of the 
family enterprise. However the more important benefit will be the economic stim­
ulation and reinvestment of resources when the family farmer reinvests in his 
enterprise and expands the productive capability. The industrial response to the 
farmers demand for capital goods becomes an integral element of the expansion 
of the total economy. Much of this expansion can be underwritten by farmers and 
rural businessmen as they recognize the potential returns of this kind of dynamic 
new business enterprise. An appropriate agriculture technology thus becomes an 
effective engine of economic and social development. 



ATTACHMENT G 

ExTiumc,' Fnoh "Tim INrCEC MEN'T OF U.S. Fims To ADAPr PRODUCTS 
ANI PnOCESSES To MEET CONDITIONS IN Lss-D)VELoPeI) COUNTRIES" 1 

Iv. CONCLUSIONS AND IECOM MEXNATIONMS 

A. Product Adaptation. 
Most of the products (except for the traditional ones) that one finds today In 

developing countries originated in develo,:-d countries, and underwent little 
change as manufacture eventually started in the developing countries. Most of 
these products nanufac.tured locally are considered "mature" according to the 
product life cycle sequence. For example, one might find in a developing country
iasubstantial market for non-leakproof batteries and inexpensive motor scooters, 
two products whilth have been declining iII consumption in the IT.'S. and ill 
Europe. Typically. such products are manufactured either by hovally-owned 
(onlpallies or by Investment from other developing countries. U.S. Investlors 
typically do not compete prlmarlly fill the hailsis of price but oil the basis of 
product quality and( brand namnes, so ,roducts manufactured by U.S. subsidiaries 
tend it) be coilirable with similar prolucts mnnufnetured it the developed
countries or in developing (ountries by nion-U.S. I ansed multinational enter­
prises. The local consumer is very conscious of "Western" quality standards
through Imported goods. so that products manufactured loally for Ihe sane 
inirket have little scope for extensive product adaltation. 

The examl)es of prluct design ly U.S. investors to lit low income imrlets 
are few. An oft cited case Is the deveolpmient !)f special low cost intoliiibiles for 
developing countries by Ford find General Motors-the so-called IpeoplesM car. 
Although Ford and General Motors both are producing and marketing In (level­
oling countries a low-cost vvhIele capalde o f different iassenger/cargo configu­
rations, the long-run competi tive outlok for these vehicles vis-a-vis Italian or 
Jaipantee ears is still not clear. For oxaiple. would it car designed specifleally
for the varied road conditions found ii Brazil compete suceessfully will tile 
locally built Flat 127, of which more than onile mill on units have already been 
manufa(tured in Italy?

'roduct innovation Iby multlmitntial enterprises in the development of new 
foods of a high nutrition content for developing countries has been less till" 
successful. Often these foods tend to N, more expensive than the nutritionally less 
valuable staple foods they are nioant to repince. Also, the marketing of new foods 
has proven difficult in poor countries. where the products were not accepted by 
ile tpopulation segnient that needed them most. Furthermore. multinational 

ctmtnpanties concentrate their efforts on foods for the higier ile(nime end of .the 
amarl.et because of the s1i rce I taii ty i produi(ng for the lowest Ilncolme 
levels. In this case lill argulilent caln be ladile for governlment sutbsidies to Illiake 
the lanutfactutre of stch low-income, higli-nntrition foods profitable.

('learly the lroblem of product adlitation reqti res more Investigation. Studies 
sltul focus oi low ulch product adaptation Is done through corporate research 

.find development efforts of Itrge inultina-tIonil firms. find how much product
developmlent Is done fit tile level of the) host ounitry. Also, mitulies are needed 
oil the dlsseminatin of new low income Ilrolh-t technology frot design centers 
In developed countries to leveloling countries. The development of simplified.
hit modern products. specifically des nmed for low income markets might prove 
a very fruitful grontid for smalil engineering firms. However. the development 

1A r)'lmrt to Agecy for Internatlol)I I)vpotllpmilt by Mlannempnt Anilyil Center.
 
Inc., under the dilreetlon of Robert B. ,Stobngh. 'rofessor of Biustness Adminlstratloa.
 
1I11ri11 ,hl tSIreo SeHltol. ill 976'. 11170. 
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of such products by large multinational enterprises seems much less likely, for 
these firms are more Interested in concentrating on developing new products 
for high-income markets. 

B. Process Adaptation 
We suggested earlier that adapting to a more labor intensive manufacturing 

process in developing ,,ountries often Is more appropriate than simply transfer­
ring capital intensive technology (adjusted for scale) from developed nations. 
However, at this stage of our knowledge of the )roldem, it would be wise not 
to make generalizations, but to approach each investment decision on a case-by­
case basis, as is suggested by Chudson and Wells. Most foreign investors, In­
cluding the U.S. multinational enterprises, have a preference to use their own 
technology rather than adapt it to meet local conditions. Thus, sonic presence 
or Inducement is likely to be needed to achieve adaptation. And, the larger the 
firm, the greater an inducement must he before it will become important to the 
firm. 

Host countries are vitally concerned with tilechoice of technology and are 
likely to play a major role Im achiev!ug adaptation to meet local conditions. 
Hence, we spell out some actions that would be aplropriate for them. All anal­
ysis of each major investment would lie desirable, albeit time-consuming. 
Such an analysis would involve the calculation of both the private profitability 
of the Investment for the foreign investor and the social profitability for the 
host country-the latter calculation is commonly referred to as "social cost­
benefit analysis." If tile social profitability, calculated using shadow prices, does 
not meet certain criteria, then the host country should ask the prospective in­
vestor to modify his proposal i the direction of more labor intensive technol­
ogies. However, we believe that knowledge of techniques to determine social 
profitability and knowledge of alternate technologies are not widespread IIl less 
developed countries. 

In addition to this direct inflence ol investors, developing countries could 
take a number of actions (oue specific and several general in nature) that would 
exert Indirect Influence on investors to choose more appropriate tecliology. 

First, the host government could facilitate the importation of second-hand 
equipment or equipment from other developing countries. Often governments of 
developing countries ire loath to spend scarce foreign exchange on second-hand 
equipment since they feel they are getting "second-hand technology." Such an 
attitude biases investments towards a more capital intensive production because 
in newer equipment from the United States, Europe, or Japan, capital Is sub­
stituted for labor (by increasing fixed capital per unit output, find reducing the 
number of operatives).

Second, developing countries could reduce factor price distortions in labor 
markets and capital markets. We have seen that relative factor prices have little 
effect on tile choice of technology when investing firms are able to avoid price
competition, but, if the economic environment is more competitive, relative fac­
tor costs influence the choice of technology. Tile elimination of subsidies to 
capital for Investors would be a tile right direction. Thls.1 ac­step ill should lie 
companied by the elimination of tax holidays io that the calculated return oil 
Investment by the foreign investor would be made on an after-tax basis. This 
would add pressure towards cost reduction, and hence toward a more appropri­
ate production technique. Also, duty free (or preferential tariff) Importation
of capital equipment should be discontinued, thus making the Iport of ex­
pensive machinery ilore burdensome for tile investing firm. On the other hand,
subsidies for employment should be offered to offset the difference between what 
tile firm pays for labor alld what the true cost of tile labor is to the economy. 
. Third, the business environment could lie made more competitive. so that 
investors will need to pay more attention to costs, and therefore will feel more 
pressure to adapt technology towards.reducing manufacturing costs. Tills can 
he done by decreasing the degree of protection from imports, and also by seek-
Ing to enlarge the market, possibly through regional Integration. Furthermore. 
a more attractively sized market call be offered to the investing foreign firm 
If the number of competitors in the Industry is kept low. This might seem a con­
tradiction to the recommendation to Increase competition, but It has the experi­
ence of many developing countries that a large number of producers in one 
Industry, when the market is limited, actually results III higher prices. Effective 
competition could come front Imports. and the degree of competitive pressure 
may be adjusted through the variation In Import tariffs. 
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Fourth, a host country could take steps to facilitate foreign investment that is 
intended to serve export markets by taking advantage of low labor costs. These 
firms have a built-in competitive pressure to adapt their manufacturing process 
to local wages. Here the host country need not worry about increasing the com­
petitive climate in order to bring about tiore adaptation, since this kind of 
investment seeks to reduce costs through full utilization of low wage labor. 

Fifth, the host government could give very clear indications to prospective 
investors as to what its policy is on imports of foreign technology. Often, differ­
ent ministries send out different signals to investors, which cause conflicting 
responses. For example, the ministry of industry might have a preference for 
"modern" investment, and the creation of a highly industrialized leading sector 
in tihe economy. The ministry of labor, on the other hand, might pressure the 
Investor for maximum employment. 

C. The Mode of Tran8fer 
When technology is transferred together with equity investment, it Is difficult 

to separate manufacturing technology from management technology. Indeed, 
often the host country Is not aware of the alternatives. The foreign Investor 
presents for approval to host governments a complete package, indicating few, 
if any, alternatives to the production process. The employees of ministries who 
review this project proposal are often not familiar with the industry. 

But when technology is purchased via licensing agreements or in the form 
of equipment, this separation is made clear. Thus, technology not packaged 
with an equity investment may offer more alternatives to choose techniques that 
are more appropriate to the local environment. Unfortunately, not all tech­
nologies that a developing country might need are available through licensing 
or equipment purchase, because U.S. multinational enterprises tend to prefer 
equity Investments to pure licensing arrangements. 

Though licensing permits time local entrepreneur or government a wider cholce, 
the transfer of skills is, however, more limited than with an equity. In certain 
developing countries, for example, there might be no local firm capable of effec­
tively making use of licensed technology. Joint ventures offer a good me.ns of 
transferring modern industrial skills, while at the same time involving a local 
entrepreneur who might ask pertinent questions about the manufacturing process 
used. Still, some review of technology by the local partner might favor capital 
intensive technology (since this partner shares in the benefits of non-price com­
petition) and thereby not pressure tileforeign partner for more adaptation. 

To be sure, studies have pointed out that U.S. multinational firms possessing 
exclusive technologies, which are held only by a few firms In the industry, do 
not readily enter into joint ventures as do firms in industries which have more 
mature technologies. But this need not unduly handicap developing countries in 
encouraging technology transfer via equipment purchase, licensing, or joint ven­
tures (or some combination thereof) ;because products and processes that are 
appropriate for developed countries are likely to he mature and hence are often 
available through licensing. 

. Detaileil Recommendations 
The key conclusions upon which our detailed recommendations rest are: 
1. U.S. multinational enterprise-those large firmns that account for most U.S. 

foreign direct investment-base their corporate strategies on the products and 
processes they develop for use in the United States and other economically 
advanced countries. They have preferred not to change these products and 
processes unless pressured to do so, either by the direct influence of a govern­
ment or-by indirect Influences such as strong competition. 

2. The host governments should be the organizations most concerned with the 
use of appropriate technology, and are likely to play a major role in inducing 
firms to adapt products and processes to meet local conditions. Yet officials of 
local governments lack knowledge in achieving such adaptation. 

3. The transfer of technology via purchased equipment, licenses, or joint 
ventures rather than through arrangements in which U.S. firms have 100 percent 
ownership will facilitate the adaptation of technology to meet local conditions. 

The two key tools upon which our recommendations rest are: (1) educational 
programs and (2) monetary incentives. 
1.Educational program8.-Establish an "intermediate technology organiza­

tion," perhaps a separate Institute, with the primary function of providing In­
depth training in the choice and evaluation of appropriate technologies. This 



training would be provided for government officials and enterpreneurs from 
developing countries and for U.S. equipment suppliers, U.S. manufacturing com­
panies, and U.S. consulting firms. 

Although a number of viable formats could be developed, an illustrative one 
would be to have a "core" program in which the participants study individual 
cases of technology transfer to obtain better knowledge about the problems and 
opportunities involved, and also to learn about cost-benefit analysis so that 
differences between the view of the investor and the view of the nation are made 
explicit. The "core" program could be followed by a "practice" program, in which 
the participants visit U.S. firms engaged in the development of equipment, 
processes and products in order to insure that the U.S. entities are aware of 
the needs of, and exposed to opportunities in, host countries. 

As an illustration of one possibility, officials in charge of tile textile industry 
in less-developed countries and local entrepreneurs interested in textiles could 
visit U.S. manufacturers of textile equipment for a sufficiently long time to meet 
two goals: (1) the U.S. manufacturers would know local requirements; and (2) 
the persons from the less-developed countries would know the capabilities of the 
U.S. firms and become familiar with U.S.-inade equipment. The net result would 
be greater exports of U.S. equipment, equipment that would be appropriate for 
the host countries. 

Although the initial experience involved in starting the program would help 
In deciding upon future participants, we believe that it will prove important to 
involve officials of less-developed countries and U.S. equipment manufacturers. 
These two groups would have Inuclh to gain from the programs.

In addition to providing these "core" and "practice" programs, creation of 
a training organization would provide a permanent body of people Interested in 
furt her dissemination of Intermediate technologies to developing comntries. Such 
i Iermanent Ihody could: 

(a) organize conferences on particular topics concerning the problems 
and opportunities offered by Intermediate technologies ; 

( b) sponsor academic studies on appropriate technologies, and develop 
an archive of research cases drawn from various industries In several 
developing countries ; 

(c) act as an Information clearing house for U.S. technologies that would 
lie appropriate for developing countries, and keep extensive permanent files 
open to all interested parties: 

(d) publicize its role of information dissemination, through circulars 
and advertisements in trale publications and by publishing a journal ; and 

(c) provide experienced consultants both to governments and industry.
Prior to the creation of a formal organization. AID should take two steps to 

help insure that the creation will be sum'cessful : 
1. Visit organizations in other countries, especially France, Japan, and the 

United Kingdom, that are interested in technology transfer. Although none of 
these organizations are Identical with the one recommended by) us, something
useful can be learned by visiting them. These visits should last a number of 
weeks in order to provide thorough knowledge. 

2. Organize an international conference on the subject of appropriate tech­
nologies for developing countries. Such a conference should last for a minimum 
of ten days. Its purpose would be three-fold. 

(a) ed,ucate decision-makers concerning the benefits of more labor In­
tensive technologies for developing countries; 

(b) make these decision-makers of the analytical tools-e.g. social cost­
benefit analysis-to soundly evaluate Investment proposals;

(o) discuss the establishment of the "intermediate technology organiza­
tion."
 

The participants to such a conference should be:
 
(a) officials from developing countries-these officials should be em­

ployed in the ministries that evaluate foreign Investment proposals, and 
should have themselves participated in such evaluations (All) could as) 
the governmnents of developing countries. through the American embassies. 
to submit suitable candidates for such a conference; the cost could be 
borne totally, or in part, by AID) ; 

(b) entrepreneurs from developing countries or their engineering person­
nel-these should be persons responsible for equipment selection; 



323 
(a) oflicial.s from countries that have a prograin of attracting foreign

invest nall t for export ildustrles-suchi as Indonesia, Korea, Malaysia,
Taiwan, Shi ga pore, Mexico anad the Bahaalas: 

(d) U.S. equipment nlanufacturers-these coul Ie attracted through ap­
prolprlate advertiselents of the conference phs correspmndence and con­tacts with trade alssocitiloS;

(c) engineers from I.S. firms involved In the design of plants for de­veloilng coun trles-adlvertiseinenits and correspondenee should be used;(f) personnel from U.S. consulting firms interested in less developed
Clontries-agai, advertisenents alid correspondence should be used;(g) Illanagers of U.S. ulultilnational enterprises with an Interest In seek-
Ing better tevhnologies for less deveioled ouni ries;

(h) managers of IT.S. firms il industries that suffer because of competingIliports, and that would(Inetit from off-shore Investnent or procurenent­
e.g. textiles, garlmelnts, shoes ; an12d

(i) scholars who have studied the prol-lenls of aliprolrlate technology for
developihg countries. 

2. .Monetary invceatircs.-Although we believe that the educatolall progralnsare likely to prove the most cost-effective lethod of obtaining results, sone
experlimentation with monetary ineenlives should he worthwhile. Sow examples
of actions that AlI (couldtake include:

(a) Ask U.S. investors about to invest illa1new a less-develolped country to developdesigu of iplants that wild emptlloy more laboir and use less caipital than 
their custonmry Iplant designs. If tile investor, after having developed a Inew('
design decided not to (2se It, All) woild pity%for tile extra expenses incurred inmaking tile design (a limit on the exlpenses provided vould lie set in each case)and would obtain the rights to the design so tIlat It could lie m11ad(e availhble to
otler firms. If oil tile other hall(, the iew%design were to be adollted by tilefirl that dvehleled it, 110rei1lirsenlent would lie (itle.

(b) Give grants to U.S. equimllllent imialluflleturers to encolliage the develop­mlent of lplproprilte technologies for less-developed countries. The reward sys­tviIl Illight be sinliaillr to that discussel above Ilider (a) ; i.e. the inl is paid for

the design if it does not use it, hot not paid if it does.


(e) Give gran.ts to consulting firms to enciurage te couinlng of foreign Il­vestnelt opportunities with U.S. conlpaies ; for exalple, a U.S. consultlng flrnlcouhi survey one or two low-in(ome countries for investment opportunities andthen encourage U.S. firins to expllpit the.e opportunities by using approlrlate
technology. To illustrate: There al'e oportunities for investments in food­canning facilities in some African countries such as Kenya; i U.S. consulting
fIral could locate these opportunities anld then fornl it company eollslloed of a
U.S. eqlipment manufacturer, a U.S. food conpany, and local entrepreneurs tostart a factory utilizing appropriate technology.

(d) Give special export credits for U.S. tirms that export used machinery for 
use in less-developed countries. 



ATTACHMENT H 

INTERMEDIATE TECHNOLOGY: AN INFORMAL SURVEY 
(A Canse Rtudy by Peter W. Askin) 

PART I 

INTRODUCTION
 

"The substance of man cannot be measured
 
by Gross National Product. Perhaps it
 
cannot be measured at all." (Schumacher, p.20)
 

"Poor countries slip, and are pushed into the
 
adoption of production methods and consumption
 
standards which destroy the possibilities of
 
self-reliance and self-help. The results
 
are unintentional neocolonialism and hopeless­
ness." (Schumacher, p. 195)
 

Until a few years ago, the concept of intermediate or appropriate

technology was but a ripple in the backwaters of development theory

and practice. Even then it was usually discussed within the
 
context of other issues. The concept now goes well beyond these
 
issues. Interest in intermediate technology has burgeoned, and as
 
a concept it is n.w entering the mainstream of the litany and
 
literature of development. Not a few think it should be the main
 
focus of development activities. Terminology has become a serious
 
problem in understanding the concept. The definitional problem

will be discussed in some detail later, but at this point, it is
 
necessary to state that the terms intermediate or appropriate

technology are used interchangeably throughout the text of this 
paper, unless otherwise noted.
 

Why the sudden interest in intermediate technology? There appear
 
to be a number of reasons. Developed and developing countries alike
 
are becoming frustrated over the realization that aggregate­
economic growth theories and foreign aid programs with massive
 
transfers of capital since the end of World War II have done little
 
for the masses of people who constitute the world's poor. World levels of
 
food production are not adequate to remove the specter of mass hunger;

unemployment exceeds thirty percent in many of the poorer countries
 
and threatens to go higher; the tide of rural to urban migration has
 
not been turned; and population growth threatens to wipe out the
 
advances that have been made.
 

The second set of factors that have contributed to the relatively

sudden popularity of intermediate or appropriate technology flow,.from
an increasing lisillusionment with some of the results of large-scale
industrialization and modernization. The concept of intermediate or
 
appropriate technology has great appeal in the industrialized
 
countries to those who long romantically for the simplicities of a
 
bygone era they never knew, or who are alarmed by the ramifications
 
of the limits of growth theories, the rapid depletion of nonrenewable
 
resources and the threats of environmental destruction. In the
 
developing countries, the concept converges with the resurgence of
 
nationalism, ethnicity and the desire to preserve traditional cultural
 
values, as well as a frustration with the results of Western-inspired

development programs.
 

There is yet a third set of factors which is probably more germane.

From disappointment with the results of conventional development wisdom
 
has come the growing belief that (I) economic progress in many of the
 
poorer countries has been frustrated or retarded by attempts to transfer
 
and utilize inappropriate "Western" technologies and (2) that more
 
appropriate alternatives can and must be found.
 

(324)
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Dr. E. F. Schumacher, in his book Small is Beautiful 
....perhaps


wab more responsible than anyone in capturing most of the above
 
factors at their confluence, channeling them into a concept and

popularizing that concept into a movement. 
Ralph Nader reportedly

carries a dog-eared copy of Schumacher's book wherever he
 
goes. A 1976 U.S. Presidential Candidate, Governor Brown of
California, is also a Schumacher fan and has established an inter­
mediate technology position on his staff.
 

The literature on the subject is vast, groping and growing; yet

there is a dearth of well-documented experience concerning applica­
tions of the concept. The principles, even the definitions, under­
lying the concept are unclear and unestablished. It is not clear
 
from any level of analysis exactly how intermediate technology is
 
to be universally employed as a deve-lo-pment strategy in solving the
 
problems of the world's poor. A few disclaimers, therefore, are in

order. This paper attempts only a limited and informal survey of the
 
subject. It describes some of the major definitional and conceptual

problems that have emerged. It addresses but does not attempt to resolve

the more controversial issues surrounding intermediate technology.

Mainly the paper attempts to assess on the basis of a limited field
 
survey, how the concept of intermediate technology is viewed by

policy makers, planners, practioners, innovators, etc. in some

developing countries and to describe the major applications of
 
intermediate technology activities in the countries surveyed. 
Lastly,

the paper attempts to arrive at some conclusions concerning the
 
role of international agencies in assisting the development and
 
dissemination of intermediate technology.
 

The latter is relevant to all United States agencies involved in
 
external assistance. In the Secretary of State's address (delivered

by Ambassador Moynihan) to the Seventh Special Session of the United
 
Nations General Assembly last September, he stated:
 

"Developing countries need not only new
 
funds but also new technology. Yet the
 
mechanisms for the transfer of new
 
technology and for its local development
 
are limited, and are seldom at the sole
 
command of national governments, and the
 
technologies of industrial countries must
 
often be adapted to local economic and
 
social conditions. New institutions and
 
new approaches are therefore required."
 

It is particularly relevant for the Agency for International Development

(A.I.D.) in that last year the U.S. Congress amended the Foreign

Assistance Act to include a section on "Intermediate Technology" and
 
to require A.I.D. to greatly expand its efforts in this field.
 

Intermediate or appropriate technology is an exciting idea
 
which, theoretically, holds out a great deal of promise to the poorer

nations of the world. It is also a rebellion--a rebellion against

neo-classicial economics and against much of the conventional
 
development wisdom of the last twenty-five years. As such, it has
 
provided to date far more questions than answers. It also runs

the risk of becoming a development fad or a panacea. It is definitely

in danger of being over-attended, over-conceptualized by the
 
development experts of the West and under-attended by some developing
countries. Nevertheless, the concept of intermediate or appropriate
technology has focussed attention on some important questions. It 
has made technology a major development issue and has served to sharpen
the debate on the larger issues of employment versus production and 
growth versus equity. It points up how little is known about the

relationship of technology to growth and of the development process
 
itself.
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PART 11 

THE CONCEPT 

"There is nothing in the experience of the last 
tventy-five years to suqgest that modern tech­
nology, as we know it, can really help us to
alleviate world poverty, not to mention the
problem of unemployment which already reaches 
levels like thirty per cent in many no-called
 
developing countries, and now threatens to
become endemic also in many of the rich 
countries." (Schumacher, Small is Beautiful, 
p. 148).
 

"We know that labor is there, waiting to be
applied. 
The brains are there. It is possible
 
that the motivation is there also. What is 
needed is the technology. Not sophisticated
technology emobdied in heavy capitals not 
primitive technology, btt something in-between 

tools and machines -- appropriate to the

situation in the particular country at that 
time." (Hon. Clarence 0. Long, Representative
of the State of Maryland, Hearings before 
Comuittee on International Relations, 94th
 
Congress, First Session on the Foreign

Assistance Act. p. 336)
 

A. Some Definitional Problems
 

Terminology in definitely a stumbling block to the analysis and
understanding of the concept of intermediate or appropridte technology.

It has been alternately referred to as appropriate technology,

low-cost technology, labor-intensive 
 technology, capital-savingstechnology, alternate technology, self-help technology, village-level

technology, progressive technology, indigenous technology, peoples'
technology, light-engineering technology, adaptive technology, light­capital technology and soft technology. There are probably more,
 
and more to come.
 

For the most part these terms are used interchangeably in the
literature, but at times they become almost slogans, deliberately
chosen it would appear to connote a particular bias or ideology or
to emphasize a particular set of economic or 
social variables. For
example, the terms labor-intensive or capital-savings technology(regardless of country origin) emphasize the employment factor intechnological choice. Indigenous, peoples', 
or village-level

technology focus on the local development, modification and adaptation
of technology--normally technology that derives directly from

traditional tools and methods. 
Alternate and soft technology tend
(but not always) to embrace more ecological and environmental

considerations such as alternate and renewable 
sources of energy and
the environmental impact of technologies. 
Adaptive technology.
generally means the modification of an existing technology--normally

the scaling down of large, sophisticated machines and processes to

smaller, cheaper and simpler products and methods.
 

Intermediate Technology (a term that is falling out of favor)
 
on the other hand refers, at least in the Schumacher sense, to new
products and processes which in scale, simplicity, accessibility and
Uftivttj lie admevhere between existing primitive and advanced 
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technologies but which are closer to the former than the latter on the
spectrum of possibilities. The term intermediate technology has fallen
from grace because it is thought to convey images of a static and
"second-beat" technology. 
Actually there is little evidence in the
literature to support this belief and almost none was found in 
a
 
survey of three developing countries.
 

Appropriate technology has been defined somewhat differently.
One author 
(Morawetz) defines it "as the set of technologies which make
optimum use of available resources in a given environment. For each process or project, it is the technology which maximizes social welfareif factors and products are shadow priced." A.I.D. has adopted atentative definition which states it simply as 
"technology which enables
developing countries to provide goods and services for their people in
 a manner which is compatible with LDC conditions." One definition
that seems to make as much sense as 
any comes from Indonesia in which
technology in general was looked upon as falling into three distinct
categories--traditional, intermediate, and advanced Western technology.
Appropriate technology was then defined as that which uses 
a combination
 
of these three.
 

It will serve no major purpose to prolong this semantical ping-pong,.
Most authors have settled on the use of the term appropriate

technology, or the simultaneous use of both appropriate and inter­mediate, but no one 
seems entirely comfortable with this compromise,
probably because it begs so many questions. One can only speculate
that some of the uncertainty and debate over concept and application

flow directly from th6 lack of precision in terms and definition.
 

B. Towards A Conceptual Framework
 

It would be nice at this point to lay out clearly and briefly the
conceptual framework for intermediate or appropriate technology as
background to a discussion of some of its applications. Unfortunately,
one doesn't seem to exist in any ready and recognizable form. Part of
the problem of course is the potential scope of the subject.
Conceivably, few forms of economic and social activity are excluded.
Theoretically, the concept can be applied to the productive as well
as to the non-productive sectors, to consumption patterns and to social
services as well as to the production of goods, to health delivery
systems as well as to the mechanization of agriculture. Another part

of the problem is that the subject is so closely related to other
major issues and processes. In one sense, it goes to the heart of the
development process itself and challenges current theories of
development and economic growth. 
The concept flows directly from
the major development problems of unemployment, regional imbalances,

income distribution inequities and the relaticn of technology to
growth. On a more philosophic plane, it represents a search for a
more rational lifestyle,.a modus vivendi 
for man with his environment.
 

In an attempt to provide some further insights into the concept,
the author has chosen to approach the conceptual framework problem
from five different but related angles--first, a somewhat philosophic
view; second, the economic issues; thirdly, the question of
 
technological choice; fourth, 
some application issues; and last, by
an attempt to extract some conclusions concerning characteristics
 
and criteria.
 

1. The "Schumacher School"
 

On a broad plane, the concept of intermediate technology with
Dr. Schumacher.as its chief prophet, is in a sense a rebellion against
 

http:Schumacher.as
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A recent Newsweek review of Schumacher's
neo-classipal economicS. 

simple;
book stated: "Schumacher's message T- deceptively 

should
the economic system should serve man, man 


not 
serve the system. Modern economists, he main­

tains, have established material growth--in the
 

form of the gross national product--as the chief
 

measure of social progress. 
As a result, economics
 

has become a psuedo-science in the service of a
 

pseudo-philosophy--materialism--in which greed and
 

envy are justified through the uncritical worship
 
(Newsweek,
of continuous and unlimited growth." 


March 22, 1976, "Thinking Small", p. 14T-


Schumacher advocates the Buddhists' "Middle Way" and contends 
that
 

man can better meet his needs by scaling down his wants. 
This must
 

happen, he notes, because man cannot continue to use up nonrenewable
 
In economic and technological
resources at the present rate and survive. 


terms then, the "Middle Way" is finding the right development path
 

"between materialist heedlessness and traditional immobility". 
In the
 

search for the right development path, finding the "appropriate 
scale"
 

the scale of
of things becomes all important. He applies this to 


organizations as well as to the scale of machines, to consumption
 
He admits that this concept
 

cannot be universally applied, but argues that it is ideal for ful­

filling the needs of the poor. 


patterns as well as to production methods. 


To Schumacher, it does not mean going
 

back to outdated methods, but rather forward into new technological
 
states is to develop appropriate technologies
territories. The task, he 


which will create literally millions of new workplaces. In short, he
 

is advocating Ghandhi's principle of production by the masses, 
not mass
 

production.
 

Schumacher elaborates on this in a hypothetical example. He speaks
 

of a $100 technology (actually he used pounds sterling) in terms 
of
 

investment per workplace. The hypothetical cost of a workplace using
 

traditional technology would be about $1.00 while the workplace 
invest­

ment in utilizing Western technology would be about $1,000. The gap
 

is enormous and the latter technology crowds out the former. What is
 

needed, Schumacher contends, is a $100 technology (or $100 investment
 

per workplacs); one that is "immensely more productive than 
the
 

indigenous technology, but immensely..,cheaper than the sophisticated,
 
These
highly capital-intensive technology of modern industry." 
 jobs to be
technologies, Schumacher states "must be cheap enough for 


provided in very large numbers and simple enough to be used and 
main­

tained by rural and small town populations without sophisticated
 

technical or organizational skills and with very low incomes. 
It
 

follows that equipment of this kind will have to be provided largely
 

from indigenous resources and employed largely to meet local needs".
 

(Stewart, p. 108)
 

Following are two brief case examples which illustrate this approach
 

to intermediate or appropriate technology:
 

Example One: Metal Bending Machine (AFRICA)
 

The problem posed to the Intermediate Technology Development
 

GROUP (I.T.D.G.) in London was to find a simple tool by which African
 

village craftsmen (blacksmiths and metal workers) could bend metal
 

around the wooden wheels of new ox-carts. The least expensive modern
 

piece of machinery to do this cost in the neighborhood of 700 British
 

pounds and required an electric drive. The I.T.D.G. knew that
 
to do this which had fallen
European forefathers had a simple machine 
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into obscurity. They finally found auch a machine in 
a French village.

They redesigned and upgraded it. It is simple and can be made and used

by any village blacksmith. It costs seven British pounds to produce

and is all hand-powered.
 

Example Two: The Egg-Tray (ZAMBIA)
 

The I.T.D.G. found a situation in Zam.',ia where egg producers were
 
in despair because the supply of imported egg crates had given out.
 
No one in Zambia knew how to make them. 
The need was for a million
 
trays a year. A multinational company reported that the smallest
 
egg-tray making machine turns out one million trays per month. 
The
 
company also reported that it would be uneconomic to make a smaller
 
machine. The I.T.D.G., working with the Royal School of Arts and a
 
small manufacturer in Scotland, redesigned the egg-tray (into a much
 
better one) and designed a prototype machine to produce it. The
 
machine is now being used in a number of African countries.
 

This kind of intermediate technological generation is going on in
 
a number of countries in Africa and Asia, more examples of which will
 
be discussed later. These above examples illustrata several different
 
aspects of the concept: One is that it was stimulated by outsiders.
 
The target group was small-scale, low-income craftsmen and farmers.
 
In one case an older, discarded technology was rediscovered and through

modern sector knowledge was redesigned, upgraded and put into
 
effective use at low cost. In the other case, the same result was
 
achieved by developing a completely new (in scale) technology.
 

The Schumacher School, while not ignoring the economic questions,

refuses to be imprisoned by the rigors of quantitative economic
 
analysis; most of which Schumacher dismisses as pre-conceived notions
 
translated into foregone conclusions. This School also tends to
 
limit the concept of intermediate technology to the non-modern or
 
traditional sector and with the belief that unless this 
sector begins

to grow, any hope in the modern sector is illusory. At the heart of
 
this conceptualization is the belief that the right path is the
 
dynamic approach to development which treats technology as the central
 
issue. This in turn will open up avenues of constructive action which
 
the static, econometric approach fails to recognize.
 

2. The Economic Debate
 

The Schumacher level of conceptualization does not satisfy most
 
economists. However, they are often badly split in their own attempts

at conceptualization and analysis of appropriate technology. Space
 
does not permit a full discussion of the economic debate but the following

(largely drawn from Sarah Jackson's work) represents a useful summary

of the main arguments:
 

a) The Arguments in Favor
 

- Capital is scarce relative to labor which is in direct contrast to
 
the countries developing and exporting the technology. Therefors, the
 
capital requirements for providing full employment via these technologies

.is simply beyond the reach of the poor countries; also they cannot afford
 
the corollary levels of investment in infrastructure, market and market
 
support systems demanded by higher technologies.
 

- Labor, for the poor countries is the abundant resource. Therefore,

appropriate technologies would use more of the abundant resources for
 
each unit of output.
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- The large-scale nature of production of capital-intensive


technologies cannot be achieved or fully utilized in poorer countries
 
kecause of the small size of their markets.
 

- Appropriate technologies can better take advantage of traditional
 
qconomic activities and make fullest use of existing organizational,
 
ranagement and entrepreneurial talents.
 

- Smaller-scale permits more geographic dispersion and wider links
 
iith the rest of the economy.
 

- More appropriate technologies will permit more jobs from the
 
limited capital available. This in turn will spread the benefits more
 
4uickly and will spark more demand for marketable products.
 

- Appropriate technologies are more likely to stimulate the tradi­
tional sectors by developing backward linkages with agriculture and
 
other feeder industries. Large-scale production using capital-intensive

technology, on the other hand, tends to displace traditional sector
 
economic activitins.
 

- Western technologies tend to ignore the raw materials of the
 
ountries in which they are introduced, because they have been
 

developed for a different climate and environment. This not only adds
 
to their cost but may make them totally inappropriate for local conditions.
 

- Technologies which make maximum use of poor countries' resources 
would produce higher rather than lower rates of growth and better distri­
bution of income, and would permit them to compete (under laws of
 
comparative advantage) more equally in world markets.
 

The counter-arguments are based mainly cn the rapid growth through

accelerated industrialization theory of development. In other words,
 
in order to raise their rate of growth over time, poor countries must
 
create their own industrial sector as soon as possible.
 

b. The Arguments Against:
 

- Capital-intensive investments maximize total output in the shortest
 
time. Returns on capital are usually greatest when capital is combined
 
with the most efficient Western technologies. Therefore, they generate

the greatest savings for necessary future investment and thus continued
 
economic growth.
 

- Labor-intensive industries take longer to produce a given output

and tie up scarce working capital longer.
 

- Labor is not as abundant or as cheap as it looks and entrepreneurial

talent is not as abundant as it seems in developing countries. Wage
 
rates are often artifically high. This is generally the labor required

for industry. Cheap labor, where it exists, may not be suitable for
 
efficient production even with small-scale technologies. Labor-intensive
 
industries require more complex management skills which are in short
 
supply. Therefore, available entrepreneurial talent should be used where
 
it will yield the greatest return.
 

- Capital-intensive industries generate downstream employment generation

which more than offset the fewer workplaces of the industry in question.
 

- Many industries are not economically divisible because they must
 
produce for an compete in wide domestic and international markets. Quality
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control and precision in production become critical and cannot be
 
achieved in smaller-scale, labor-intensive and geographically-dispersed
 
production ?rocesses.
 

- Decentralized, small-scale industries are not conducive to creating
 
the necessary environment to form a critical mass of competitive
 
innovation.
 

- Western technology can be transferred more easily to poorer

countries than developing brand new, and possibly more appropriate
 
techniques.
 

- The prestige value of developing a modern capital-intensive

industrial sector cannot be underestimated. It also provides labor and
 
management with skills that eventually will be needed in a modern economy
 
and exposes them to modern work values of precision and efficiency.
 

The economic debate seems to center on one basic question--whether

maximum production through the use of Western technologies or the fullest
 
utilization of available resources is the best path to economic growth?

The question is in some respects a challenge to basic economic theory at
 
bath the macro and micro levels. The quick-growth theory has not solved
 
the problems of massive unemployment and inequitable income distribution.
 
On the other hand, increasing labor-intensive activities may reduce
 
overall output which many countries cannot afford to have happen. Thus
 
the developing countries are confronted with a production versus employ­
ment dilemma.
 

At the micro-level, the theory goes, variations in capital-labor
 
ratios are the standard responses to variations in factor prices.
 
Output is always maximized when the productivity of the one scarce factor
 
(capital) is maximized (by technology and other efficiences). Further,
 
as long as the marginal productivity of labor (the abundant factor) is
 
positive, every increase in employment will increase the productivity

of capital. Therefore, increasing employment will increase output.

The trouble is practice has not followed theory. Case after case has
 
been cited of labor-rich countries following capital intensive methods.
 
Why haven't these countries,or particular businesses, selected mixes
 
of production factors more consistent with their factor endowments and
 
cL.nparative advantage? Is it because the productivity of labor is n-ga­
tive? Is it due to the abseice of labor-intensive alternatives? Is it
 
due to inappropriate conditions of choice, e.g., lack of information,
 
distorted factor prices (and thereby wrong-headed government economic
 
policies), tied-aid, etc.? Or can it be attributsd to planners' and
 
entrepreneurs' irrational preferences for sophisticated technology and
 
methods of production? There are few conclusive answers to these
 
questions. Some evidence has been found to support the 'onclusion that all
 
these factors have an adverse influence on technological choice at
 
various times. Certainly, in terms of the theory, developing countries
 
operate in an imperfect world of competition. Information does not flow
 
freely so available choices are not always known. The factors of
 
production are not mobile. Entrepreneurs and other decision makers may
 
become enamoured with the more sophisticated equipment or processes.

Import policies, licensing practices, etc., may indeed make capital
 
goods irresistably cheap.
 

Factor price distortions are believed by many economists to play the
 
largest role in bringing about production mixes contrary to a country's

factor endowment. In fact, some contend that unless factor price distor­
tions are removed, appropriate technologies will not and cannot emerge.
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What causes factor price distortions? If government economic policies
 
are wrong in terms of a country's factor endowment, this will create
 
a gap between market prices and the real or social costs of
 
production factors. For example, if through government policies interest
 
rates are kept artificially low, if capital imports are encouraged by

low import tariffs, if foreign exchange is overvalued, and if foreign aid
 
ani investment are plentiful, the price of capital becomes cheap

relative to its inherent scarcity. Also government policies regarding
 
wage laws can distort factor prices. Labor may become overpriced

relative to its abundance by artifically high minimum wages, fringe

benefits, hiring and firing policies, etc., or wages may not
 
distinguish sufficiently between skilled and unskilled, or between
 
skills in high and low demand. These distortions, therefore, give the
 
wrong signals to the planner and the entrepreneur and lead them into the
 
wrong factor mixes and technological choices.
 

What are the solutions? The standard responses of course are:
 
(1) reform government policies, or (2) shadow price the factors of
 
production to determine their real or "social" costs and make the
 
technological decisions on that basis. Neither solution seems that easy
 
or terribly realistic. It takes massive persuasion and political will
 
to carry out a full package of policy reformz. The government's

development planner can shadow price production factors and make recommen­
dations accordingly. This may or may not influence the technology chosen 
for government-financed or government-controlled projects. It is 
difficult, however, to see how this technique will influence or affect 
the private entrepreneur who, regardless of the shadow price argument,

must still pay the market price for his production inputs. Conceivably,
 
shadow prices could be used as indicators that government policies are
 
wrong, e.g., they could be used to establish more rational import

policies. They could also be used in a situation where government has
 
established a centralized mechanism for screening or improving the import

of capital goods. In the final analysis, the tradeoffs will be made on
 
the basis of how a country perceives its development priorities and
 
carries out its development strategy.
 

3. The Question of Technological Choice
 

By this time, it is apparent that in one sense there is nothing
 
basically new in the philosophy underlying intermediate or appropriate

technology or in the arguments against it. The industrial and agricul­
tural development of Europe and the United States were based on innova­
tive and incremental approaches to technology--largely in response to
 
factor (labor) scarcities. China, Japan, and even India are to some
 
degree more recent examples. The basic difference is that today there is,

theoretically, a more pronounced choice among three basic alternatives:
 
(1) utilization or transfer of existina technologies (ranging from
traditional to the more advanced Western technologies) , (2) adaptation 
and modification of these existing technologies, and (3) invention of new
 
ones. Each choice has its own set of issues and problems.
 

Staying with existing traditional technology may mean continued low
 
levels of output without the generation of additional employment. On
 
the other hand, the international transfer of existing Western'technology
 
to developing countries is made difficult in many cases by what has been
 
referred to as a "communications gap" and a "suitability gap". Contribu­
ting to the "communications gap" are such factors as the high costs of 
transfer, international restrictions and the exercise of monopoly power.
 
Even if these obstacles are overcome, most "Western" technology has been
 
developed to suit developel country factor endowments, and seldom will
 
be "appropriate" in all respects.
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Generation of new technology can be stimulated in at least two ways.
One is simply to cut the country off from imports--a la the Chinese
model--thus forcing entrepreneurs and engineers to Be-nventive and
innovative. 
Another is an extensive local research and development
effort, for example, through the establishment of Appropriate
Technology Centers (ATC's). 
 In the first case, it is thought that if
factor prices are not right, there will be little incentive to innovate
unless it is forced or done for 
reasons of challenge or patriotism. In
the second case, research tends to be isolated from producers and the
problems areas. 
As will be shown later, this becomes a key issue at the
application stage. 
There is, however, a surprising number of national
and international appropriate technolgoy centers already established and


functioning.
 

The third general alternative is of course technological adaptation.
To many, this offers the most promising area for the development of
more appropriate technological choices. 
 It would seem to follow that
 a country must be semi-industrialized in order to fully exploit this
process. 
 In other words, it would require a cadre of entrepreneurs and
trained engineers to identify the potential for adaptation and at least
a light engineering or small capital goods production capacity to
follow through. 
It is possible that other factors such as production
costs relative to sales price, absence of factor distortions, the existence
of competiton, high tariffs on 
imports, are also important incentives

in the adaptation process.
 

The element of choice is basic to the concept of appropriate
technology. 
Opinions differ on how much choice actually exists for
developing countries. 
 Some feel there is a fairly wide shelf from
which to choose and therefore they favor the alternatives of transfer
and adaptation. Others are convinced that the shelf of choices for 
a
particular product in a particular country situation is 
in reality
quite narrow or even non-existent. 
 They emphasize the generation of
new technologies. The Schumacher School certainly bacs the latter
view. 
The problem, as has been suggested, is that very little is
known about the processes of generating new technologies, and therefore,
the adaptation alternative seems to have the best track record.
 

4. Some Theoretical Applications
 

Earlier it was 
stated that the concept of intermediate or appropriate
technology could embrace almost any form of economic and social activity.
Theoretically, this is true, but it is by no means proved by practical
experience. The literature suggests a wide variety of current and
possible applications, the full impact of which remains to be documented
and assessed. 
Space does not permit even a partial listing but they
include almost every sector. Following are 
just a few examples.
 

I agriculture: 
 improved hand tools and equipment such as hoes,
weeders, shellerE 
 wheel barrows. 
Small-scale animal-drawn or motor­driven equipment such as--steel-tipped plows, harrows, power tillers,
harvesters and threshers, irrigation pumps, which increase productivity

over traditional tools and methods.
 

In rural industry: improved small-scale equipment and methods for
making small-scale metal products such as 
farm implements, spare parts,
cooking utensils and other home products. Simple food processing
equipment and methods such as vegetable oil pressing, processing of
food grains and vegetable fibres. 
 Cottage industries such as
spinning, pottery making, paper making, wood working, 
leather working,

etc.
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urban industry simplifying modern technology or redesigning
trad iti 
 tology in such manufacturing activities as farm equipment,
metal products, chemicals, sugar refining, cement and brick making,
shoos and leather goods production, glassware production, pharmaceuti­cals, food processing, food preserving, wood and paper products,
ceramics, even in oil refining and car manufacturing (e.g. the Jeepney
and the Fiera).
 

In transportation, water-works and construction: 
 more efficient but
labor-intens vo methods of road building, ship-building, irrigation
systems, water filtration (home and city), low-cost house construction,
 
etc.
 

In the service sectors: 
 low-.cost health delivery systems, educational
methods, and water purification and sanitation systems; also, developing
simple and low-cost information dissemination systems, as well as
simplified marketing and distribution systems for a range of commercial
 
goods.
 

In the nerg sector: 
 developing wind and solar-powered equipment
for and arm water use and small-scale irrigation systems,grain drying, etc. 
Developing methane gas converters 
(poweredby
animal dung) for home cooking, lighting and refrigeration.
 
Even a summary list like the above points up a major application
issue--is intermediate or appropriate technology applicable primarily
to the traditional or non-modern sector? The question is important in
fashioning criteria for appropriateness and determining research and
other allocations in the development and dissemination of appropriate
technology. As conceptualized by the "Schumacher School", it seems to
pertain almost exclusively to the traditional 
sector. 
 Under the economic
debate, the concept is widoned and, in fact, the debate strongly suggests
a bias for the modern sector. For example, the factor price issue
pertains much more 
to the modern than to the traditional sector. The
problem is compounded by the fact that the line between the traditional
and modern sectors is not that clearly marked, and to the extent that it
is, it is constantly changing.
 

The question also can be looked at in terms of where the greatest need
exists. 
 As we have seen, appropriate technology springs from the need 
to
increase employment and to decrease income disparities. 
Between the
two sectors, these needs are much greater in the traditional sector and
the type of response to the need is likely to be different than in the
modern sector. The problem in the modern sector is often that the produc­tion processes have been organized on too sophisticated and large a scale,
thus leading to idle capacity and wastage of capital. The response then
is to lower productive capacity, save capital and where possible increase
the labor inputs. 
 This is generally accomplished by modifying downward
Western technology rather than creating new technologies. 
Modification,
however, does not necessarily increase employment.
traditional sector is somewhat opposite, i.e., 
The problem in the
 

the production is
organized around technologies that are 
too primitive and too inefficient
to increase incomes, stimulate business and industrial activity and
generate employment. Depending on the product, this calls for either
major adaptation of Western technologies or more likely, the need to
generate completely new ones.
 
There are other points at issue. 
Assuming limited financial
resources, there will be competition between the two sectors in the
allocation of resources for the development and dissemination of appro­priate technology. 
Whether an adaptive or new technology approach is
taken, the process is expensivi. Innovation and inventors are present in
All countries but the supply is limited. 
Therefore, it will be
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important to decide which sector (or products) should receive theemphasis. 
 Another point is that if income is increased in th
traditional sector, it is likely to be at the expense of 
the m.xdernsector. 
Or conversely, and perhaps more importantly, care must be
taken that in developing more appropriate modern sector technologies,
it does not further destroy jobs and markets in the traditional
 
sector.
 

There is 
no simple answer to the question of whether intermediate
 or appropriate technology is primarily applicable to 
the traditional
sector. 
 The usual answer of course is that it is applicable to both
sectors. 
 It is also clear that most of the conceptualization and applica­tion efforts to date do in fact give primary emphasis to the traditional
sector, partly because it is easier to work in this sector and also because
the needs are more obvious. 
It could be that much more is known about
the "tinkering" process to make primitive products more efficient than
the process of scaling down and simplifying larger and more sophisticated
techniques. 
This suggests that perhaps one of the greatest weaknesses in
current approaches to appropriate technology questions is the attempt
to apply the concept uniformly to both sectors. 
It is possible that
each sector requires a substantially different approach beginning with
the objectives and on through the conceptualization and application
 
stages.
 

5. Characteristics and Criteria
 

It goes without saying that the foregoina discussion falls far short
of a clear and consistent conceptual framework for intermediate or
appropriate technology. From 
it, however, one can draw a few conclusions
regarding the nature, characteristics and criteria of appropriate

technology.
 

It seems relatively clear that the overall objective of appropriate
technology for the developing countries is to achieve a state of
technological independence. 
This does not imply a state of scientific
self-sufficiency or technological isolation. 
 More correctly it implies
the development of local resou.-ces 
(labor, entrepreneurs, materials,
research capacities, supporting systems etc.) 
to the point that
developing countries can make their own technological choices
consistent with local resource availabilities and national goals such
as increasing income, output, employment and basic services. 
In this
context, the major characteristics and criteria by which appropriate
technology seems to be recognized and applied include the following:
 

a. Low cost inputs:
 

- low capital cost per work place
 

- low capital costs per unit of output
 

b. Intensive use of the abundant 
factors of production:
 

- labor
 

- local materials
 

- entrepreneurs 

c. Simplicity of inputs and outputs in their:
 

- manufacture
 

- operation
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maintenance and repair
 

- organization and need for support systems. 

d. Low cost outputs that:
 

- are accessible and affordable by low income
 

groupsand
 

- fulfill basic needs.
 

Small in scale relative to capital-intensive and advanced
 

technological activities.
 
a. 


f. 	Economically efficient and commercially viable.
 

g. 	Compatible with local political, economic, social, cultural
 

and physical environment.
 

Encourages indigenous innovation, self-help and participation
h. 

in the process (i.e., growth from below).
 

i. 	Geographically dispersed.
 

to changing conditions
j. 	Dynamic, progressive and adaptable 

and requirements.
 

Most of these factors have been discussed in some detail earlier.
 

A few points, however, need to be stressed. First, the above
 
In practice, they
characteristics and criteria represent an optimum. The
 

may not all be present in every type of appropriate technology. 


second point, not often brought out in the literature, is that in
 

most cases, appropriate technology is highly 
location-specific.
 

This characteristic immensely complicates the task of drawing 
a conceptual
 

framework and mounting any broad projects or programs to 
develop and
 

It particuarly complicates the
disseminate appropriate technology. 	 The
 
task of organizing realistic and effective international 

assistance. 


final point is that, despite the heavy emphasis on traditional sector
 

needs, the response to these needs requires the use of modern scientific
 
innovation and
and 	engineering knowledge and skills, as well as 


The 	challenge is whether technicians trained in the modern
imagination. 

sector can adjust their thinking and skills to extract the best from the
 

new and the best from the old in developing something 
in-between which
 

is more appropriate for the utilization of local resources and
 

conditions.
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PART III
 

LDC ATTITUDFS AND APPLICATIONS
 

"When bulldozers were sent to Asian nations
 to replace shovels, we turned their values

and their culture upside down," sa's Carl

Madden, a top economist at the U.S. Chamber

of Commerce. 
"I agree with Schumacher that the
rich nations must walk softly through the rice
fields." ("Thinking Small", Newsweek, p. 14)
 

Most of the theorizing about appropriate technology has occurred in
the industrialized countries and among international development experts,
although a few of the more worthwhile contributions to the 
literature
have been made by practitioners in the developing countries. 
 Very little
attention has been paid to date, however, on how the concept of inter­mediate or appropriate technology is viewed by the developing countries
themselves, e.g., 
by planners, policy makers, industrialists, small
entrepreneurs, inventors, educators, as well as by the target of this
technology--the low income groups. 
In other words, how do these qroups
look at appropriate technology as a development strategy? 
Is it responsive
to their national, 
sector and local priorities? 
 What are the problems
and conflicts associated with it? 
 11owis appropriate technology
stimulated and supported? 
 Where are the nuclei of ongoing intermediate
and appropriate technology activities? 
 How do developing country officials
and innovators view the role ot 
international assistance in developing
and disseminating appropriate technology?
 

These and related questions were the subject of 
a very limited
survey conducted by the author in three developing countries. The purpose
here is to describe the results of this survey and to relate these
results to the concept and later to the role of international assistance.
 
But first, a couple of caveats are in order.
 

The countries surveyed were the Philippines, Indonesia and Sri Lanka-­also a brief visit was made to 
the Technology Development Institute
(TDI) of the East-West Center in Honolulu to discuss its activitin. in
the field of appropriate technology. 
 The survey focussed on the -Ural
sector in each of these countries. 
 This was the result of time limitations
and the author's conviction that in terms of need this is the sector
most relevant to the general concept and

assistance. 
 to the role of international
It excludes, therefore, most activities pertaining to small
and medium-scale urban-based industries and to 
the service sectors, as well
as to alternate sources of energy.
 

A. ThePhilippines
 

I. Some Background Notes
 

The Philippines have made great economic strides since their
break with the colonial pattern of trade and investment of'thirty
years ago. Since that time industry has been built up through a
process of import substitution of primary and consumer goods. 
The
process was fuelled and financed to a large extent by a lively
warket for traditional agricultural exports. Industrial growth slowed
down in the 1960's, however, as easy export markets ran out and 
the
country attempted to shift into the secondary phase of import
substitution, i.e., 
capital and producer goods. Additional growth
from this point was purchased at 
the price of increased inefficiency
and was accompanied by rising numbers of 
un and underemployed and
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worsening family and regional income distribution. The economic
 causes appear to be the constraining effect of continupd import substi­
tution programs and the slow growth of the rural sector.
 

The rural sector in particular has not been able to provide
sufficient productive employment opportunities, deipite the agricul­tural productivity improvements that have occurred since 1965. This
has led to "premature" rural-to-urban migration and aggravation of
the urban unemployment problem. The situation in the rural sector
 
can be summarized as follows:
 

- considerably higher infant mortality and lower
 
literacy rates than the urban areas.
 

- paucity of hospital beds and care outside of Manila.
 

- adequate water supply in only one-half of rural homes.
 

- electricity available in only 10 percent of iural homes.
 

- rural incomes are one-third those of Manila and
 
about one-half those of other urban areas.
 

- low agricultural yields.
 

- extensive unemployment, especially in the non­
agricultural parts of the rural sector.
 

- widespread malnutrition.
 

The task, it seems, is to mobilize and energize the rural
sector to increase output, income, employment and basic services,
while at the 
same time orienting the industrial sector away from
import substitution (to keep it from feeding of the rural sector)
and towards exports. The geographic dispersal and ruralizing of
industry as well as technological choices will play important roleq

in this two-sector strategy.
 

2. Attitudes Towards Appropriate Technology
 

In general, a surprising degree of awareness and understanding

of the basic elements and issues of appropriate technology were
found in discussions with officials, practitioners, farmers and
small businessmen in the Philippines. 
 Part of this is attributed
 
to the influence of the International Rice Research Institute
(I.R.R.I.) located at Los Banos, which has been one of the
pioneers of appropriate technology for rice cultivation in Asia.

Also the history and'evolution of the Jeepney industry has given
Filipinos another concrete example of how appropriate technology
can work. 
The survey also revealed a lack of any real sensitivity

to some of the terminology or conceptual issues discussed earlier.
Under any number of terms and definitions, the "2nd best issue"
seems to be a non-issue in the Philippines. At the same time,
there is a very narrow base of appropriate technology research
and applications. With the exception of the Jeepney industry,
current applications 
seem to be confined largely to agricultural
mechanization and isolated research and development efforts in the
urban-based industrial sector which have not yet been translated
 
into action programs.
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Perhaps a more accurate observation would be that the Philippines
 
is in a state of transition with respect to intermediate and appropriate
 
technology. There are several indicators of this. Recently the
 
concept of "appropriately-scaled technology" was injected into the
 
mid-term appraisal of the Four-Year Development Plan, with the idea
 
that the next steps would be to initiate research and fot.ulate
 
programs. Some research is already in progress at several branches of
 
the University of thi Philippines, particularly at Los Banos and at the
 
Small-Scale Industries Institute located in Quezon City and at
 
Mindinao University.
 

In addition, the GOP has created a Farm Systems Development
 
Corporation with responsibility for researching, testing and
 
evaluating various farm systems and technologies. To date, the emphasis
 
has been placed on small-scale irrigation systems and on small-scale
 
farm machinery. The recently initiated cooperative movement is in
 
many ways an application of appropriate technology concepts. Organized
 
vertically down to the "barrio" level, the "coop" movement is designed
 
to provide, farmers, among other things, small-scale irrigation
 
systems, small-scale machinery and rice processing equipment and a
 
"technology package". Some of the equipment, in time, will be produced
 
by the cooperatives themselves.
 

Another example of changing emphasis on the part of the Government
 
is the increase in government-sponsored credit programs for the purchase
 
of small-scale farm machinery, particularly the small power tillers and
 
threshers. The GOP, with World Bank and other loans, has extended low­
cost credit for the purchase of farm machinery in order to increase
 
production. Post of this machinery has tended to be large Western
 
four-wheel tractors and similar equipment imported from the West and from
 
Japan. Recently, however, emphasis has shifted to the small two-wheel
 
tractors manufactured locally or imported from Japan. This shift was
 
given an added push last year when hoof and mouth disease began to
 
deplete the Carabao (water buffalo) population. This decrease of the
 
Carabao population had serious economic and political ramifications.
 
It left many farmers at the mercy of the "custom cultivators" or with
 
the alternative of using human-power to pull ploughs and other animal­
drawn equipment through the rice fields. This occurred in several
 
areas and was unacceptable politically and socially. Most farmers, when
 
credit is available, seem to prefer the small power tiller to the
 
Carabao, even though the tiller may provide more power and capacity
 
than are needed for two-to-five hectare farms. When several farmers
 
were asked why they aspire to own the power tiller, the usual response
 
was "because the Carabao is too much %.ork. It requires one person
 
at least five hours per day to provide the necessary care and
 
feeding." This raises an important point. Farmers, in addition to
 
wanting to increase output, also want some of the drudgery taken out
 
of their primitive farming methods. This is a factor not always
 
taken into account by the theorists, engineers and economists in the
 
debate over intermediate and appropriate technology issues.
 

It should also be mentioned that part (10 - 15%) of a World
 

Bank loan is dedicated to providing investment and working calital
 
to small rural entrepreneurs who wish to manufacture small-scale
 
farm equipment. Thus far, the program has been limited to lending for
 
the manufacture of power tillers, power threshers and batch rice dryers.
 
This appears to be a good, if very limited, beginning in the stimulation
 
of small rural industries.
 

One final note on attitudes. Most officials surveyed were well­
disposed towards the concept of appropriate technology as a development
 
strategy for the Philippines. Not all, however, were satisfied with
 

the current approaches. The most controversial issues concerned
 
farm mechanization. Many felt that more efforts should be made to
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develop improved animal-drawn equipment rather than small mechanized
 
equipment. The main reasons given were that better animal-drawn
 
equipment would be more economically accessible to small farmers, more
 
attuned to the scale of small farm operations and more in concert with
 
existing infrastructure and the existing social/cultural environment.
 
To some extent, this official attitude seemed to mask a deep sympathy
 
for the small former and traditional culture, and a fear that the small
 
farmer would not be able to resist the prestige of buying new equipment,

whether he needed it or not. A deeper insight into Philippine attitudes
 
can be gained from looking closely at some of the current applications.
 
In general, however, the Philippines appear ready for a wider application

of the concept. No marked sensitivities or general resistance were
 
found. What is needed is a sharper focus at the planning and operational
 
levels and a more coordinated push by Government institutions.
 

3. Major Activities and Applications
 

Despite the lack of planning and programs, there are several
 
significant on-going appropriate technology activities in progress in
 
the Philippines. Some are purely research and experimental, others
 
have a rather long history of application. The following are some
 
representative examples.
 

a. The "Jeepney" Industry.
 

No survey of appropriate technology in the Philippines would be
 
complete without at least mentioning the "Jeepney" industry, as the
 
history of this industry embodies most of the essentials of the appropriate
 
or intermediate technology concept. It is purely indigenous and was a
 
going concern long before the terms intermediate or appropriate technology
 
became popular.
 

The Jeepney industry was born of the great need for public
 
transportation and an abundance of cheap, locally available war surplus
 
materials that existed after World War II. After the war, millions of
 
dollars of excess army property was available in and to the Philippines,

including Jeeps and Jeep spare parts. It was almost natural then that a
 
local adaptation of the army Jeep vehicle evolved. It started in small
 
shops with crude versions. It is now a $20 million a year business.
 
Jeepneys are made in over 100 shops, large and small, throughout the
 
country. It is estimated that Jeepneys comprise almost 50% of the
 
vehicles in the Philippines. Now various models, sizes and shapes are
 
available, many brightly painted, decorated and with titles or names.
 
They have become an intimate and colorful part of the Philippine culture
 
and they provide much of the country's public and private conveyance
 
system, particularly in the rural areas.
 

The complete body and all sheet metal parts are made locally in
 
small and medium-sized shops. The engines and gears are generally

imported as surplus or excess property items, but increasingly engine
 
and transmission parts are produced locally by the larger shops. A
 
large automotive component industry has sprung up around Jeepney

production. The sheet metal work is done by presses in the larger shops
 
and by simple metal bending and metal-forming machines in the shops of
 
smaller producers. The entire industry is highly labor intensive.
 
Some producers have modernized their production methods but most are
 
still using essentially the same simple tools and techniques of twenty
 
years ago. Current costs vary depending on the model and whether new or
 
reconditioned surplus engines are used. Average retail costs range between
 
$1500 and $2500.
 

The success of the Jeepney industry in the Philippines can be traced
 
to three main factors:
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- the low-cost of surplus engines and suspension systems.
 

the widespread availability of local materials and spare
 
parts.
 

it fits the requirement, i.e., the demand for a low-cost,

durable vehicle that will survive the rugged country
roads and terrain of the Philippines. The evolution of
the Jeepney industry provides some valuable lessons for
the proponents of intermediate or appropriate technology.

For example, it illustrates that:
 

a) 	the product must be demand-oriented, simple,

functional and durable.
 

b) 	local materials must be in abundance and their

supply assured.
 

c) 
the product must be something that local, small
 
town artisans can copy, i.e., 
a sample or
prototype is generally needed in the beginning.
 

d) 	some standardization of spare parts must be
 
achieved.
 

b. 
The I.R.R.I. Machinery Development Program
 

The work of the Agricultural Engineering Department, under the
leadership of Dr. 
Amir Kahn, and as part of the International Rice
Research Institute (I.R.R.I.) at Los Banos, is based on a rather simple
theory. 
Most modern imported mechanization technologies are
inappropriate for application to tropical agriculture.
essentially only two categories of modern farm machinery 

There are
 
- Western farm
machinery which has been developed primarily for dry land farming and
the agricultural machinery that has been developed in Japan which,
while smaller in scale and suitable for wetland rice production, has
become highly sophisticated and too complex and uneconomic for most
tropical rice farmers in other Asian countries. The introduction of new
rice varieties has brought on the need for technologies that are simple
and inexpensive, yet much faster and more efficient than the
traditional technologies. 
In other words, double and triple cropping
has increased the need for faster and more efficient land preparation,
fertilization and post-harvest processing.
 

The second premise is that traditional, primitive technologies,
including animal-drawn equipment have evolved over hundreds even
thousands of years and that there is not a sufficient margin of improve­ment left in most of this equipment to make a significant enough impact
on increased productivity and output to influence most farmers to adopt
the improvejients. 
 Therefore, the decision was made to concentrate, for the
most part, on the lower scales of mechanization. 
This decision also
embodies another basic conviction, which is that the farar in addition
to looking for ways to increase his capital/labor-output ratio is also
looking for ways to remove some of the drudgery of farm work. Experience
with the adaptation of imported machines to fit these needs has not worked
out. 
What has been lacking is demand-oriented product designs which
can take advantage of and stimulate locally available metal-working
technology. Therefore, the emphasis was placed on simple mechanized
tillers and threshers. 
 However, the development of new designs and
prototypes is expensive and often outside the engineering expertise
available in any quantity in most developing countries. In the developed
countries this market identification and design role is played by
industry. 
In the developing countries, the small to medium-sized metal
working firms and manufacturers are the logical producers of small-scale
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equipment but they lack the design knowhow. Therefore, the design role,

for a time, must devolve on national and international institutions such
 
as the Farm-Machinery Development Program at I.R.R.I.
 

Based upon this theory and with A.I.D. as its largest sponsor,

I.R.R.I. has deeigned or adapted thirty-five to forty pieces of small­
scale hardware considered suitable for various small-farm applications

in the rice growing regions of the world. Following is a partial
 
listing:
 

- rotary harrow for small tractors - differential slip tiller
 
- four-wheel 15 hp riding tractor - four-wheel 13 hp riding
 
- 8 - 14 hp tiller tractor
 
- single and multi hopper seeders - deep placement granular and
 
- anhydrous ammonia applicator liquid fertilizer applicators
 
- rotary power weeder
 
- contact herbicide applicator - stripper harvester
 
- drum-type paddy thresher - table-type paddy thresher
 
- axial flow thresher - rotary power grain cleaner
 
- manually operated grain cleaner - oscillating screen-air cleaner
 
- test tube miller - adaptation of Engleberg rice
 
- grain moisture meter milling machine
 
- heated sand parboiler - rice hull furnace for drying

- batch rice dryer with oil burner paddy
 
- low lift bellow pump - vertical axis windmill
 
- solar energy collector
 

The above projects are in various stages of development. The manual
 
grain cleaner, the windmill and the solar collector are still experimental.

However, six designs have been put into commercial production in the

Philippines and in a few other countries. These are worthy of further
 
note.
 

The 5-7 h tiller is probably the most popular and successful of
 
the I.R small-scale ,achines. It is not an original

technology but a simpler model of the two-wheel tractors developed in
 
the U.S., Japan and elsewhere over the last several years. Its engine,

chains, sprockets, bearings and seals must be imported. The remainder was
 
designed to be produced by small metal working shops in most Asian
 
countries. It comes with an array of attachments (e.g., lowland cage

wheels, upland wheels, rubber lug wheels, comb harrow, trailer, plow,

slasher blades, ridging blades, rotary grass cutter and a centrifugal

pump). Twenty companies are now producing this tiller in the
 
Philippines. Over 7000 units have been produced throughout Asia.
 
I.R.R.I. is now working on a slightly larger version with steering clutches,
 
which was a drawback of the smaller machine.
 

The axial flow thresher has become moderately popular after two
 
earlier versions failed miserably. It weighs approximately 1000 pounds

and requires a 7 hp engine to power it. Its main advantages are:
 
mobility (pulled to the field by carabao, small hand tractor or jeep
 
or truck), multi-crop capability (rice paddy, sorghum, soy beans, etc.)

and flexibility and efficiency (threshes one ton of paddy per hour).

It requires a three to four man crew to operate. Its main disadvantages
 
seem to be that it is expensive (about SUS 2000), and its capacity is
 
quite a bit beyond the needs of the average 2 - 5 hectare rice farmer.
 
It is estimated that it requires at least 15 hectares to make it pay.

If a farmer can afford to buy it, however, he can amortize the cost
 
fairly quickly by doing custom threshing. It is also potentially
 
ideal for "coop" ownership.
 



343 
The rotary power weeder is a three-row, engine-powered machine
 

of light-weight construction for easy turning at the end of the rows.

The weeder was designed at I.R.R.I. but it is produced almost exclusively

in Japan. It has a lightweight, high-speed one hp engine that is
 
difficult to duplicate in other countries. It is also not too economical
 
for operations under 6 hectares. The development of a good manually­
operated rotary weeder would work best. Thus far, one has not been
 
developed at I.R.R.I.
 

The tractor extendible lug wheel is an I.R.R.I.-designed set of
 
steel lugs attached to the rear wheels of a four-wheel tractor to prevent

it from becoming bogged down in wet rice fields. The lugs can be extended
 
easily to give more traction and mobility. It has become popular with
 
custom tractor operators.
 

The batch drger is another of I.R.R.I.'s post-harvest processing

innovionst 
Dying of paddy is a serious problem in most Asian countries
 
and the cause of considerable lost production as it directly affects
 
spoilage or results in a high level of "brokens" during the milling
 
process due to improper hardening and moisture content. Farm-level
 
dryers are popular in Japan but are too expensive to import and too
 
difficult to fabricate in most developing countries. 
The I.R.R.I. dryer

is more simple, consisting of a grain bin with a perforated floor, a blow,

fan and a kerosene burner. It can dry one ton of paddy (16% to 26% wet)

in five or six hours. The dryer is being produced by six companies in
 
the Philippines and production has also started in Taiwan. 
 I.R.R.I.,

however, has developed two modifications of the original prototype-­
a wooden grain bin which can be built by farmers and a furnace to heat
 
the dryer which uses rice hulls as furnace fuel. All these items are
 
being produced and sold by small metal working shops in the Philippines.
 

While the results of the I.R.R.I. Machinery Development Program
 
are somewhat controversial in appropriate technology circles, its
 
general approach to the problem is interesting and somewhat unique.

The approach consists of the following distinct elements and stups.
 

a) Study the economics of mechanization, identify the major
 
areas of potential new designs and identify the reasons why commerciali­
zation of small-scale machinery had not taken place earlier.
 

b) Design new small-scale equipment or improvements in existing

equipment.
 

c) Interest local small firms in manufacturing the equipment

from I.R.R.I. - furnished designs. This proved to be a major problem.

Poor response was received to general advertisements in local newspapers.

It was discovered that small firms were not familiar with working from
 
engineering designs and were reluctant to invest in the prototype unless
 
they had assured orders. This bottleneck was broken by giving the
 
designs to the manufacturer in return for the production of a few
 
demonstration machines.
 

d) Field test the first manufactured prototype and suggest

manufacturing improvements and modifications before authorizing

the manufacture of the rest of the initial prototypes.
 

e) Encourage and assist the manufacturer in selling the first 
prototypes to farmers by furnishing technical assistance, test results,
promotion leaflets, and instruction manuals, as a further means of 
stimulating interest in commercial production and obtaining additional 
field test data.
 

f. Encourage manufacturers to incorporate their own ideas for
 
design changes and adapt the machines to their own production facilities
 
to give them competitive advantage.
 

82-9060 - 77 - 23 
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I.lRR.I. has extended this basic approach to nine other Asian
 
countries, namely Pakistan, Thailand, Indonesia and Sri Lanka, Malaysia,
 
Taiwan, Korea and Vietnam (before April, 1975). This "outreach"
 
program is basically done through sub-contract arrangements with public
 
and private institutions or firms in these countries and by furnishing
 
designs, prototypes and a limited amount of financial assistance.
 
Production of initial prototypes apparently has taken place in all of
 
these countries, but has not yet developed into any significant
 
commercialization, except in Taiwan.
 

The I.R.R.I. machines are not without their critics. The major
 
criticism and opposition to date centers around the following contentions:
 

a) the I.R.R.I. machines, especially the power tiller and axial
 
flow thresher, provide more power and capacity than the average farmer
 
needs and are, therefore, uneconomical. They should be made to a
 
smaller scale or some of them abandoned in favor of hand-powered or animal
 
drawn equipment.
 

c) The I.R.R.I. machines displace labor in labor-abundant countries.
 

d) The I.R.R.I. program is not an indigenous enterprise since
 
it depended heavily on outsiders to initiate and sustain it.
 

e) The I.R.R.I. machines are not commercially viable without an
 
initial subsidy.
 

f) The I.R.R.I. machines have not made a significant impact on 
increased output or increased net farm income.
 

In summary, a serious shortcoming of the I.R.R.I. experience has
 
been the lack of impact studies built into the design, development and
 
commercialization stages. Without these the validity of the above
 
arguments and counter-arguments cannot be evaluated intelligently.
 

3. The Kaunlaran Industrial Shop
 

The survey included a visit to a small rural manufacturer of the
 
I.R.R.I.-designed machines, the Kaunlaran Industrial Shop (K.I.S.) located
 
at Calamba, Laguna, R.P. The owner - manager of KIS was formerly a
 
skilled craftsman in I.R.R.I.'o Agricultural Engineering Department.
 
In 1973, he started his own machine shop, under a shade tree, with
 
three employees and a limited amount of "scrounged capital". His 
original capitalization was the Philippine peso equivalent of about
 
$500. fienow has paid-in capital in excess of $25,000 equivalent and
 
subscribed-capital of almost $100,000. XIS now employs eighty-three
 
workers in three locations. Plans call for an expansion in 1976,
 
provided Government-sponsored loans are available. It is interesting
 
to note that about 50% of KIS's skilled employees were recruited from
 
"Jeepney" shops. KIS has produced and sold most of the major and more
 
popular I.R.R.I.-designed equipment (about 60 units in 1975), but up
 
to now it has emphasized the axial-flow power thresher. In 1976, KIS
 
plans to increase its production of power tillers and batch dryers.
 

The Kaunlaran Thresher has undergone several modifications over the
 
original I.R.R.I. design, e.g., a fifth louver has been added to the
 
axial flow to make it more efficient. It has been modified in some models
 
to enable it to be moved about the field by animal power. The thresher
 
sells for the equivalent of about U.S. $2,000, while the tiller and
 
dryer will sell in the $800-$1000 (U.S.) range. These prices are
 
competitive with larger dealers and,KIS believes, are affordable by
 
small farmers with access to Government-sponsored credit. All three 
machines contain roughly 15% to 20% of imported components, while the 
remaining components are made in the KIS shop from locally available raw 
materials. 
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The KIS owner and manager regards the following as the main reasons

for his success. 
One is the fact that the I.R.R.I. engineers and
technicians worked closely with him and his employees during the initial
development and expansion stages. 
Second, that he personally supervises

the quality control aspects of production, and third, that he has chosen
demand-oriented products which he is willing to back up with guarantees

and post-sale service. 
working closely with the firmers has increased
their confidence in him and also has led to several useful in-the-shop

modifications and improvements.
 

4. The Zero Tillage Concept
 

A small experiment is underway in the Central Luzon area of the
Philippines which could be considered a unique application of intermediate
 
technology. 
 It combines the most advanced seed technology available,
water control and intensive use of farm management and farm labor, while
using almost exclusively hand-powered equipment.
 

In brief, the system involves taking a small acreage of from one to
two hectares and sub-dividing it into frcm 70 to 100 small plots. 
 Each
plot is then farmed intensively and separately. High yielding varieties
 
are used but the cultural practices differ from the norm. 
For example,.
seeds are presoaked and then germinated in the dark. The seedlings are

treated with a zinc oxide solution to increase their absorption of

nutrients. In transplanting, the seedlings are spaced less intensely

than normal and in east-to-west rows to increase exposure to solar
radiation. 
 In addition, fertilizer and pesticide applications are

made wenkly (7 times during the growing season compared to 2 or 3
applications under normal practices). 
 Harvesting occurs earlier to
avoid losses from field shattering. The rice is harvested close to the
ground and removed from the field the same day. 
The next day a new
 crop is planted between the rows of the old crop. 
The harvested rice

is dried by electric lamps one day and milled by a hand-powered rice
mill the next day. The rice produced brings premium prices in the

Japanese restaurant trade in Manila.
 

Four crops are produced on each plot each year (compared to two

previously) with a labor input four times that of traditional crops.
From land preparation through harvest, no mechanical or animal-powered

equipment is used. 
Equipment includes a hand-pulled plow, hand-nushed
 rotary weeder, backpack sprayer, a harvesting scythe, foot pedal

thresher and hand winnnower. 
The concept has caused considerable
excitement in the Philippines. The system depends heavily on two things-­discipline or intensive farm management almost 365 days a year and precise

water control. 
 The question is whether the majority of Philippine farmers
 are willing to subject themselves to more work rather than less? 
 Most
 
agree that the answer is "probably not" but other experiments are
underway which, while using the same 
principles, attempt to reduce the
man-days of farm management down to a more realistic level, e.g. around

320-330 man-days. 
 It will take several crop cycles to determine to what
extent these efforts will prove successful and attractive to other

farmers. 
The experiment illustrates another facet of intermediate

technology, the best of the new and the best of the old, and it has

caused some of the small-scale mechanization proponents to do some
 
serious rethinking.
 

5. 
The Institute of Small Scale Industries.
 

At the academic level, one 
of the major research efforts is

occurring at the University of the Philippines' Institute of Small Scale
Industries (I.S.S.I.), located at Quezon City, I.S.S.I. hab been in
 
operation for almost ten years. 
 It has been assisted over the years by
the Royal Dutch Government and is dedicated to upgrading small industry
in the Philippines through training, research and extension services. 
 It
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is now engaged in a "state-of-the-arts" survey of ten selected industries
as a preliminary stop to establishing transfer of technology programs.
These programs are being assisted financially by Canada's International
Development Research Centre 
(I.D.R.C.). The surveys 
are aimed at
determining the level of technology in use in each of the ton industries,
including recomendations for the most profitable technology for a given
industry. 
 This along with training of entrepreneurs, managers and foremen
of small industry, is combined with the identification and design of
more appropriate adaptive technology for each industry.

to The purpose is
increase the income of the small entrepreneur and to prepare him for
making the technological choice most appropriate for his industry, and
also to stimulate local innovation.

assist with the 

Foreign experts are brought in to
training and to advise selected industries. I.S.S.I. has
made several "laboratory" innovations. 
 For example, three presses have
been adapted or newly designed: 
an old drill press has been adapted for
modern small shop uses, a new design for a pneumatic press has been put
into operation, and an impact press has been newly designed. 
The purpose
of these is to demonstrate to entrepreneurs what can be done by innovation.
 

The biggest problem facing small industry in the Philippines is the
erratic flow of raw materials and financing. In I.S.S.I.'s view, this
is a more serious problem than the lack of more appropriate technologies.
Cooperatives 
are one way to help alleviate these problems, but stronger
Government policies are 

of the 


also needed in the marketing and distribution
raw materials on which small industries depend. Sufficient credit
at reasonable interest rates has not been available to small entrepreneurs
in the Philippines. 
 More is being allocated than before but the amount
is quite limiteu and the process is slow.
 

6. 
Regional Adaptive Technology Centers (RATC's).
 
Mindanao State University is one of four non-metropolitan Asian
Universities participating with the East-West Center of Honolulu in
a program designed to develop Regional Adaptive Technology Centers.
other universities are Yeungnam University, Korea; 

The
 
Hasanuddin University,
Indonesia and Rhon Kaen University in Thailand. 
The purpose of these
centers is to provide community-related research, consulting, training,
technological adaptation, and industrial extension for small industries
within the community served by the Center. 
Mindanao State University first
concentrated on the 
local brassware industry.
1974. Those programs began in
Some have advanced more than others, but in concept they represent
an important development in 
the field of intermediate technology.
Previous international assistance has tended to concentrate on upgrading
national and international-level institutes without upgrading 
 anddeveloping linkages with local and regional institutions. The latter are
in the best position to identify problem areas, carryout adaptation and
disseminate information to rural target groups. 
India, apparently,
has carried this concept to a relatively advanced stage. The RATC concept
is one that merits more attention by international assistance agencies
and national governments if they are serious about developingdisseminating intermediate or appropriate technology. 

and 
discussed in more detail at a later point in this paper.

RATC's will be
 

7. 
Problems and Research Priorities
 

Following are 
some of the major problem areas observed in the
Philippines where research and application seum most needed. 
The list
is restricted ptimarily to the rural sector.
 

a) Small-Scale Farm Machinery: 
The results of the I.R.R.I.­designed farm Machinery Development Program are impressive but not con­clusive. 
More research is needed to determine better responses to
a number of questions and problems. 
 There is some doubt as to whether
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I.R.R.I. has hit the right scale of some of its equipment. The tendency
 
in second generation development will be to go for a slightly larger
 
scale, where the real requirement may be in the other direction. A
 
closer look also needs to be taken at a mix of hand, animal and gas­
powered equipment. In terms of rice production, perhaps the biggest
 
payoff will be in the post-harvest handling and processing of rice.
 
Losses at these stages due to inefficient methods and technologies
 
can vary from 15-30% due to improper harvesting, drying, cleaning and
 
milling. Past responses to the drying, cleaning and milling problems

have tended towards importation of large rice processing complexes.
 
Many of these have not worked out because the technology has not been
 
appropriate. Continue research needs to be done on the batch dryer
 
and on solar dryinj, w. h is the subject of a current experiment at
 
the University of th. : ippinos at Los Banos.
 

One of the chief problems with the I.R.R.I. equipment is that there
 
ara no thorough impact studies available. In other words, after almost
 
ton years of development, experiment and application, precious little
 
is known about the impact of some of this equipment on employment,
 
farm income and production. Secondly, I.R.R.I. bases its product
 
development program on the principle of "commercial viability". The
 
principle has merit, yet the process appears to be heavily subsidized,
 
from inception on through the purchase of equipment by the farmer and
 
subsidized credit for the small manufacturer. Some subsidization is
 
inevitable and probably desirable but the question of how much should
 
be looked at more closely.
 

b) Irrigation is an area where innovation in small-scale methods
 
could pay enormous benefits. In the Philippines there is a need for
 
many more small dams and reservoirs in the rain-fed areas in order to
 
convert these to areas of constant water supply. Within the irrigated
 
areas, there is a requirement for an efficient, inexpensive variable­
depth immersion pump for small-scale irrigation systems. Also, it
 
would appear that for provinces such as Nueva Ecija wind-powered
 
pumps could be utilized. Preliminary research indicates that chemically
 
treated membranes derived from fibrous vegetable matter could make
 
excellent and inexpensive water proof liners for irrigation ditches and
 
small canals.
 

c) Fish farming. In previous years, fish raised in the rice
 
paddys were the source of additional subsistence or cash-crops. In
 
the Philippines, fish have disappeared from the paddys. Many believe
 
that this has been caused by the use of fertilizers and pesticides.
 
Research is needed to more precisely determine the causes and find a
 
solution.
 

B. Indonesia
 

1. Some Background Notes
 

With a population of about 140 million people, Indonesia is the
 
fifth largest country in the world. A per capita income of about $100
 
(measured in 1973 prices) also makes it one of the world's poorest
 
countries. Open and disguised unemployment and a continuation of
 
massive rural-to-urban migration are some of its most serious problems.
 
Yet, Indonesia is rich in oil and natural resources with vast
 
unexploited lands. It has shown a steady growth rate over the last
 
few years in both the agricultural and industrial sectors but it is
 
not yet self-sufficient in rice production, which is a rather alarming
 
fact given the estimates that its total population will increase by
 
100 million people over the next twenty-five years. This also has great
 
significance in terms of political/social balances and its dual
 
development goals of growth and equity.
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The Government of Indonesia (GOI) has not been unaware of these
problems. Agricultural development, employment, 4mproved income distri­bution and population control have been primary development objectives for
the past several years. 
However, there seems to be an excessive capital­intensive bias in the economy which may have contributed to some of these
distortions. 
 Several factors have contributed to this bias. 
 Its rich


natural resource bases has attracted foreign investment and with its
capital-intensive technology. 
Oil and other primary product exports have
also brought in the foreign exchange earnings by which Indonesia could
afford to import capital goods. Substantial foreign aid, with its own
orientation towards advanced Western technology, also may have contributed
to a capital-intcnsive economy. 
There is evidence that Indonesia is now
"rethinking" some of its development strategy and is beginning to question
the wholesale importation of Western technology. In fact the labor
displacement issue has become 
so sensitive, there is danger that policy
decisions may shift to the other extreme. 
 Indonesia has not yet found
 a comfortable path to the dual goals of growth and equity and has 
not yet
come to grips with the question of technological choice and its impact on

employment.
 

2. Attitudes Towards Appropriate Technology
 

In a country as diverse as Indonesia, it would be unrealistic to

think that a complete and totally accurate picture of attitudes towards
something as far ranging as appropriate technology could

be gathered with limited 
time and travel. At best, this approach can
only yield a few indicators and sketches, %,:ich in this survey are
confined largely to the rural 
sector.
 

In the rural areas, particularly 
on Java, it is important to understand
that farm holdings are very small, with the majority less than one 
hectare
and many as small 
as one-half hectare. This will not support a family
even on a subsistence level. Thus, a farmer's income comes from many
sources. The farmer and his wife and 
his children are also laborers in
other farmers' fields much of the time. 
 It is estimated that as much as
seventy percent (70%) of rice production is done by hired labor.
probably has the most intensive rice production in the world. 
Java
 

As many
as 950 women are involved in 
one way or another in the harvesting and
post-harvesting of one hectare of rice. 
Hundreds of harvesters thus share
in the rice crop. 
This process has been referred to as "shared poverty".

While it is a way to distribute wealth (or poverty), it causes many
problems for the farmer whose crop is being harvested. Large losses in
production are incurred because of trampling, droppage, shattering, and
stealing. Farmers have resorted to various ways to cut these losses such
as selling the rice crop to middlemen before the harvest. 
The middlemen
then control the harvest and do not have the same degree of social pressure

to use so many harvesters.
 

Small-scale technology could and has reduced these losses but
at a price. A dramatic example of the impact of 
new technology on

employment in rural Indonesia concerns the introduction of rice hullers
as opposed to the traditional handpounding of rice by women. 
It is
estimated that the rice huller, while increasing output (some estimate

5 or 6%) has displaced about 125 million woman days of labor
annually, which represents $50 million dollars in wages a year. 
Another
illustration concerns the introduction of the new high yielding rice
varieties of the Green Revolution. These varieties shatter more
easily than the traditional crops, which are harvested by women using
the "ani-ani" knife. 
The knife is hand-held and used to cut one
stalk (panacle) at a time. 
 The stalks are bundled together and carried
from the field. The villagers know that a sickle should be used on the
 new varieties but many are reluctant to do 
so for fear of the economic
and social consequences. Those that do, automatically displace a great

deal of rural labor.
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These are but a few examples of how even simple technology can
 

affect the economic and social relationship of a country like Indonesia.
 
The labor displacement issue is highly sensitive and affects most
 
attitudes towards any kind of rural technology that departs significantly

from the traditional. It particularly affects attitudes towards the
 
introduction of small-scale l.R.R.I.-type farm machinery. Unfortunately,
 
the I.R.R.I. equipment has become synonomous with appropriate technology
 
among many Indonesians. For this reason, Indonesia recently declined to
 
participate formally and fully in I.R.R.I.'s "outreach" program. This
 
represents a setback in terms of understanding its concept and application.
 
As will be seen later, however, Indonesia is now participating in this
 
program on a "semi-formal" basis. Also for the same reasons, most of the
 
imported small-scale Japanese tractors and other farm equipment have
 
failed commercially in Indonesia. Many officials flatly predict that
 
the I.R.R.I. and similar Japanese machines will have no future in Java.
 
This is not a unanimous or universal attitude, however. The chief
 
reason for the debate is that, despite the abundance of labor in rural
 
areas, there appear to be labor shortages during the peak periods of
 
land preparation and harvest. This has been caused in part by the new
 
seed varieties and increased uses of fertilizer which permit double­
cropping but require quick land preparation between harvest of the first
 
crop and the planting of the second. It is also caused by a declining
 
water buffalo (kerbau) population.
 

In this debate, one sees the constant dilemma between growth and
 
equity, employment and output, and the lack of any research that would
 
put the issue to rest one way or another. From studies Ihat have been
 
done, however, there seems to be little doubt that the use on Java
 
of such small-scale equipment as the power tiller and the power thresher
 
is definitely labor displacing. One study indicated that without
 
commensurate increases in production, employment losses for each 5-7 hp.
 
power tiller used at a three-fourths utilization rate were 128 man-days
 
per year when displacing a water buffalo, and 688 man-days per year

when displacing manual methods (contrary to the Philippines, manual
 
labor has been used as extensively as ayiimals in land preparation).

When is it efficient for a farmer to own a small tractor? One study
 
estimates that in rice farming a farmer with a "padi tractor" should
 
own about seven hectares and have effective control over 20 hectares,

i.e., by leasing additional land or leasing the use of the tractor.
 
This amount of hectarage does not fit the pattern of average holdings
 
on Java. It also gives weight to the argument that the newer technology,
 
even small-scale equipment, may impact adversely on the lowest income
 
groups.
 

Attitudes Lowards small-scale equipment change drastically when
 
related to the trans-migration areas. These area will be settled by

Javanese families. The average-E..ed holdings will be from three to
 
five hectares. Considering the amount of clearing that will be
 
necessary, plus the harder soil and the problem with alangalang,
 
(a pernicious jungle growth) this is more than a farm family can handle
 
with hand labor and traditional tools. It is probably more than can be
 
handled with animal-powered equipment. Hence, the interest in
 
appropriate technology and small-scale mechanized equipment for these
 
areas.
 

In summary, the general attitudes in Indonesia towards technology
 
are somewhat confused and diverse. The country is only now beginning
 
to correct what has been a strong capital-intensive bias. Attitudes
 
towards intermediate or appropriate technology vary from apathy to
 
misunderstanding to a high degree of awareness. Those most knowledgeable

believe that the problem is not one involving concept but rather confusion
 
in how to go about making the right technological choices. There is a
 
favorable disposition towards international assistance but few ideas
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exist as to specifically how thiE assistance should be directed. It is
 
clear that the labor displacement issue is ultra-sensitive and for this
 
reason appropriate technology efforts must be approached with great care.
 
There is also a concern for the conflict between technology and the environ­
ment and a strong feeling that appropriate technology activities must 
be indignnized to the extent possible in order to avoid conflict with
 
cultural traditions.
 

3. Major Activities and Applications
 

A productive survey of appropriate technology activities and needs in
 
Indonesia would take many weeks if not months. The following represents
 
at best the barest of samples.
 

a) The Institute of Technology at Bandung
 

On a conceptual level, the Development Technology Center (DTC) at
 
the Institute of Technology at Bandung (ITB) is probably the major
 
catalyst for intermediate or appropriate technology efforts in Indonesia.
 
The DTC is three years old. It has an able Director and is staffed by
 
highly trained and motivated people. As part of a national institution,
 
the DTC looks at appropriate technology in a broad sense, as an avenue
 
for "better living" for rural peoples and is, therefore, interested in
 
a broad range of technological improvements and adaptations. The DTC
 
has laid out three stages for its appropriate technology activities. The
 
first stage which DTC refers to as "software" is the identification,
 
training and motivation of select groups of rural entrepreneurs. In
 
addition, the DTC attempts to provide technical assistance to rural
 
entrepreneurs to complement a fairly sizeable and accessible
 
Government-sponsored credit program for small-scale enterprise. To date,
 
over one hundred entrepreneurs have been assisted, mostly from the
 
Bandung area. The DTC is attempting to involve the entire banking
 
community as well as several Government ministries in this effort.
 

The next stage will be to set up an information center, or a clearing
 
house system to get at the dissemination side of appropriate technology

which the DTC sees as the priority problem. Assisted by international
 
experts, the DTC hopes to establish important links with most of the
 
international institutions and to establish downward linkages with
 
regional institutions in Indonesia. As a further stage, the DTC also
 
plans to get into the development, testing and adaptation of appropriate
 
hardware in such areas as food processing, food preservation and storage,
 
clean water systems and pumping equipment, waste utilization, energy

generation (solar, wind, hydro, bio-gas), and low-cost construction of
 
bridges, housing and irrigation works. Some specific projects either
 
active or contemplated are a coconut dryer, more hygenic processing of
 
"tempe" (fermented soybean cake), a solar water distillation unit
 
(adapted from a Brace Institute design), adaptation of the "Sofretes"
 
water pump, a bio-gas digester (at Lembang), solar water heaters, dryers

and refrigerators, and a windmill pump. Also as part of the hardware
 
development stage, the DTC hopes to set up three experimental field
 
stations--one will be in a fishing village, the second will be in an
 
isolated agricultural village (accessible only by boat) and the- other will
 
be in a village that is in transition from agriculture to handicrafts
 
and small industry. Mobile shops will be available to serve these
 
stations. In this way, the DTC hopes to accomplish realistic testing,
 
development and demonstration, but more importantly, to involve the
 
villagers in each of these locations as participants in the process.
 

The ITB-DTC has made a valiant start in the appropriate technology 
field. It has established good linkages with the Government and with 
international institutions but is under-staffed and under-funded for the 
goals it has set. While it is in a good position to influence Government 
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policy, its greatest challengo will be to serve as a model and catalyst

for the several regional centers of technology in Indonesia. This
 
network will not 
be easy to establish given the tremendous distances
 
and communication problems of Indonesia.
 

2. Farm Machinery Testing Program
 

The Sub-Directorate of Mechanization of the Food Crops Division cf

the Department of Agriculture located at Pasar Minggu (a few miles from
 
Jakarta) is practically the only Government agency involved in testing

small-scale farm equipment. 
 It is serving as a sub-contractors for I.R.R.I.

but not as ,art of a full and formal I.R.R.I. "outreach" program.

takes the basic approach that agricultural production, particularly 

It
in
 

rice, soybeans and peanuts, must be increased substantially. This,

therefore, calls for an intensification program in terms of irrigation,

land preparation, fertilizers, insecticides and improved seed varieties,

which in turn requires selective mechanization in carefully determined
 
areas. 
The program is very sensitive to the labor displacement

problem and 
for the most part it selects areas where the average holdings

are five hectares or above, where the animal population is small, and
 
near big cities where farm labor tends to be scarce. In addition to

the increased production objective, the program also is dedicated to
 
taking some of the drudgery out of farming.
 

Tests are conducted by the Extension Service on farmers' land.
 
This includes big machines for plantation production and small-scale

equipment (up to 15 horse-power) for smaller holdings. The program also 
tests some hand-powered equipment such as hand-held sprayers but this

does not seem to be a major emphasis of the program. The tests are

also coordinated with the Ministry of Industry to determine if spare parts
 
can be manufactured in Indonesia. The small-scale farm equipment tested

thus far has involved I.R.R.I.-desiqned machines and imported Japanese

equipment. The Food Crops Division has 
no equipment design capability

similar to that of I.R.R.I., although it has experimented with the
 
local manufacture of these machines with one or two 
small entrepreneurs

on a sub-contract basis. Apparently this has 
failed to generate much
 
commercialization because the small manufacturer in Indonesia lacks
 
the kind of credit that allows him flexibility in taking risks.
 

The results thus far of the Farm Machinery test have been limited.
The staff is convinced that there is a larqe demand for small-scale 
farm equipment due to peak period labor shortages and a decline in
 
the water buffalo population. One small rote-tiller of the type imported

from Japan has been adapted, improved and is being marketed in Indonesia.

A locally-adapted irrigation pump has proved successful and has contri­
buted to 
an increase in production in the test areas. Unfortunately,

not much testing and adaptation seems to be in progress in the trans­
migration areas, which offer the best potential for small-scale equipment

and are relatively free of the labor displacement issue. It also appears

to be missing the great mass of low income farmers with holdings of one
 
hectare or less.
 

3. The Institute of Agriculture at Bogor (IPB)
 

The IPB is one of the main agricultural experiment stations of
 
Indonesia at 
which there is a small Institute of Technology and
 
Mechanization. The Institute has conducted some 
limited experiments

in design and adaptation of both traditional and modern farm equipment.

The basic concept is somewhat unique and interesting. Intermediate
 
technology is seen as improved versions of traditional technology while

appropriate technology is 
one that combines traditional, intermediate
 
and advanced technologies. Earlier efforts to concentrate solely on
 
intermediate technology failed and were abandoned in favor of a more
 

82-9060 - 77-24 
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mixed approach. Experiments thus far have included testing and adaptation
 
of a soybean extruder, tractors of various sizes, a seed planter, and a
 
coconut cleaner. Like the Sub-Directorate of Farm Mechanization, the
 
emphasis is on selecti-c and gradual mechanization.
 

The IPB has established arrangements with the Tool Foundation 
(Netherlands). IPB also wished to establish an arrangement with the East-
West Center at Honolulu but lacked the necessary funds. Very few working
relationships with the Institute ,f Technology at Bandung or other Indo­
nesian institutions were apparent. 

4. Other Activities and Applications
 

The balance of the appropriate technology effort in Indonesia
 
appears to be relatively minor and scattered. In all fairness, this
 
may be the fault of the time and geographic limitations of the survey.
 
In any event, the following are the other major activities that came to
 
the author's attention:
 

a) British Assisted Renovation of Irrigation Works
 

Two British teams have organized a village-level program for the
 
renovation of irrigation works in East and Central Java. Many of the
 
tertiary and lesser irrigation canals and headgates in these areas
 
have fallen into disrepair. The British teams have devised a system
 
for cleaning and restoring these canals using local materials and
 
village labor. The headgates are being made by village blacksmiths and
 
metal workers using simple tools and methods. It is expected that this
 
kind of a project will have a significant impact on agricultural
 
production at a relatively low cost.
 

b) Bio-Gas Conversion
 

There is a small Ford Foundation project at the Gajah Mada
 
Institute in Jogjakarta. A similar program is underway on Bali, and
 
as mentioned earlier, at Lembang. Like most of these projects, they
 
are still experimental and have not been advanced to the point that they
 
can be commercialized successfully.
 

c) The "Butsi" Program
 

"Butsi" is the Indonesian equivalent of a domestic peace corps which
 
like VITA of the United States operates a village technology unit.
 
Its main purpose is to demonstrate to villagers how they can make simple
 
low-cost improvements in their daily lives through better water and
 
sanitary facilities, better agricultural methods, etc.
 

d) Small-Scale Rural Industrial Credit Program
 

The Bank of Indonesia has approved the equivalent of $120 million
 
in GO funds to assist small-scale rural entrepreneurs with working
 
and investment capital. Almost any kind of small-scale industry is
 
eligible, and up to 10,000 rupiahs can be loaned for working capital.
 
The sector breakdown of loans approved to date is: Agriculture-l9%;

Industry-28%; Trades-32% and transportation-14%. In terms of appropriate
 
technology, the missing ingredients in this credit program have been
 
technical assistance and supervised technological transfer to accompany

the financial assistance. This may be partially remedied by a proposed
 
complementary World Bank technical assistance loan under which cadres
 
of foreign experts could be financed.
 

5. Major Research Priorities
 

The range of possible applied research activities in the area of
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appropriate technology in Indonesia is extensive, given a continuation
 
of the Government's current development objectives concerning income
 
distribution and employment generation. The following are only a few
 
of these possibilities-­

a) better hoe - the locally produced hoe tends to last only a
 
few months. Those imported from Europe last a couple of years. A
 
better hoe could be produ':ed by small manufacturers if shown a
 
better technology.
 

b) cold box - for, keeping fish for fish farming in the wetland
 
rich areas.
 

ci better extruder for soybeans and other nutritional products-­
something in between the large inefficient machine now being used
 
and the more primitive methods.
 

d) locally produced low-lift irrigation pump. Also there ii a
 
need for small turbines to produce hydroelectric power on a sinll
 
scale. It is reported that there is not one Indonesian irrigat.lon
 
economist in the country.
 

e) machine-developed building materials, e.g., bamboo designs
 
cr wood and cement mixtures.
 

f) shipbuilding. There is a large demand and need for more small
 
to medium-sized water craft for transportation of cargo and people

between the islands. A better technology is needed to increase the
 
production, efficiency and safety of water-craft without inordinate
 
displacement of labor. Libor displacement apparently is already occurr­
ing among the fishing fleets where motor-powered trawlers are replacing

sail-powered vessels. There has been a decline in the number of fisher­
men, a decline in the income of sail-boat fishermen and an overall in­
crease in the annual catch. There i3 also a need for a simple ship-to­
shore communications system.
 

g) revival of the blacksmiths trade which is dying out due to
 
competition by large foundries and metal working firms. Previous out­
side help in this area has been unsuccessful.
 

h) small-scale post-harvest rice and grain processing equipment,
 
especially equipment for threshing, drying and storing. It is not clear
 
if the I.R.R.I.-designed equipment would be appropriate without
 
significant adaptation. The pedal or hand thresher would seem ideal
 
for .arts of Indonesia but even this simple technology may displace too
 
much labor. Better village-level storage is a must.
 

i) development of a trans-migration research and application
 
package. Some ad hoc research and application has been done for the
 
trans-migration areas but a more integrated "package" approach should
 
be considered. This could include everything from hand tools to bio­
gas converters. It is especially true of the proper mix among hand­
powered, animal-powered and engine-powered equipment. One suggestion

is that cattle be furnished the trans-migration settlers as a source
 
of food, animal power and one way to control alang-alang. It is
 
certainly clear that much of the small-to-medxum-scae agricultural

equipment is more suitable to the trans-migration areas than to densely­
settled Java. Research could also be done on an all-purpose vehicle
 
for these areas, similar to the Jeepney and the Fiera of the Philippines.
 

j) "zero-tillage" or intense cropping concept of rice cultivation
 
now under observation in the Philippines, may have great utility for the
 
rice growing regions of Java where land holdings are so small.
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k) Regional adaptive training centers offer one of the best 
areas


in which to expand. The development and diffussion of appropriate tech­
nology in Indonesia is one of the areas in which international assistance
could be most effective. In addition to increased financial support, an

informatiun network needs to be established among these institutions,

and between them and national and international-level organizations.

Some of the more specific needs expressed to the author were:
 

-
a country inventory of on-going appropriate technology

activities.
 

- an in-country information and "clearing house" system to
 
promote the concept and diffuse existing information.
 

- a fund to finance high risk starts among innovators and
 
small-rural entrepreneurs.
 

- outside assistance with designs and systems to develop a
critical mass of understanding and awareness of the
 
possibilities and potential of appropriate technology.
 

C. Sri Lanka
 

1. Background Notes
 

Sri Lanka is currently faced with a stagnant declining economy
and high levels of unemployment. 
This has come about over a period of
 years and is principally due to declining markets and prices for its

primary export products (tea, rubber, coconuts), increased costs of

imports and population growth caused basically by decreased infant

mortality and death rates. 
 During better years in which exports were

booming, Sri Lanka established a high level of social welfare services
which allows most of the population wide access to medical services,

education and 
even subsidized food allowances. The problem is that
the country has attempted to maintain this standard of living in the
face of declining national income. 
 For the past several years per

capita income growth has not quite kept up with the annual birth 
rate
of approximately 2.5%, foreign exchange reserves have fallen, imports

have been curtailed and unemployment has risen over 20% 
and Sri Lanka
 
is now heavily dependent on foreign assistance.
 

Food accounts for almost half of Sri Lanka's annual imports

but agriculture is clearly Sri Lanka's most important sector. 
 It
 accounts for more than one-third of the Gross Domestic Product and

well over half of the national employment (as much as 80% when

calculating aqriculture's Indirect impact on employment). 
 Tea, rubber
and coconuts are the country's chief foreign exchange earners and 
are
 
raised under plantation conditions. These plantations recently have
been taken over by the State. Rice is the principal domestic food
 
crop followed by manioc, kurakkan, corn, sorghum and soybeans. The
country is rather sharply divided into a northern dry zone and the

southern wet zone. Three-fifths of the area under cultivation is
family farms that range from one-half to two and one-half acres in

size. The rural areas are served by comparatively good roads and
toehr communications and social services. 
Sri Lanka has been spared

the missive rural to urban migration problems of other countries. Yet
 
unemployment is highest in the rural areas.
 

The industrial sector is divided basically into four

categories: large private factory industries producing mostly con­
sumer goods; medium to large public industries producing intermediate
 
goods (iron, steel, refined petroleum products, chemicals, etc);
small private industrial activities such as power looms, coir and coir

products, handicrafts and cottage industries; and small to medium-scale
 
public industries and industrial cooperatives producing a wide range
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of products such as paper, leather, ceramics, oils and fats, plywood,
 
cement, sugar, textiles, tires, tubes, hardware, small-scale machinery,
 
rice milling and so on. There has been an increase in public industrial
 
activity over the past few years as these enterprises have had the most
 
access to scarce foreign exchange.
 

Sri Lanka, historically, has been heavily oriented towards
 
imports. As the foreign exchange squeeze developed, import sub­
stitution was encouraged but without regard to efficiency, comparative
 
advantage or employment effects. This encouraged capital-intensive
 
industries that required large imports of raw materials, components and
 
Western technology, thus placing an increased strain on foreign ex­
change reserves in the face of declining exports and mounting unemploy­
ment.
 

Government policy for the past few years has been directed
 
towards restructuring this industrial pattern by emphasizing low
 
capital-intensity products located to the extent possible in rural
 
areas; by the establishment of public industries in order to produce
 
domestically basic inputs for other industries; and by orienting the
 
rest of the industrial sector towards exports that reflect Sri Lanka's
 
comparative advantage. Sri Lanka has moved slowly in these directions
 
over the past few years. Imports are controlled centrally under a
 
licensing arrangement. It also provides a point for "screening"
 
technological choices. Several light engineering cooperatives have
 
been established. A State Hardware Corporation has been put into
 
operation. Incentives have been established for increased exports,
 
e.g., import licenses are granted more quickly to those industries
 
that have potential for earning foreign exchange. It will take several
 
years, however, for Sri Lanka to overcome its most serious economic
 
problems.
 

2. Attitudes Towards Appropriate Technology
 

Sri Lanka's development planning efforts are well oriented
 
in the direction of appropriate technology. Much of the national
 
planning documentation could be chapters in an appropriate technology
 
textbook. In fact, it appears that intermediate or appropriate tech­
nology was in progress in Ceylon long before anyone invented the
 
current terminology. The author was told that early versions of the
 
two wheel tractor had been developed on a small scale in Ceylon some
 
twenty years ago. The point is that there is by and large a high
 
degree of understanding and awareness of appropriate technology con­
cepts among a large number of public and private sector Ceylonese,
 
many of whom are able to intellectualize the concept as well or better
 
than Western theorists and practitioners.
 

Appropriate technology, import substitution, conservation of
 
foreign exchange, indigenization of technology, employment generation
 
self-help and national pride are almost synonomous in the minds of
 
many Ceylonese. Opinion is divided, however, on how to go about
 
implementing the concept. There is a definite sensitivity to the
 
"foreign expert" who along with Western-oriented Ceylonese planners
 
and entrepreneurs are sometimes blamed for overselling and importing
 
Western-technology in the past and for not looking inward at Sri Lanka's
 
own resources and factor endowments. Aid agencies are chastised for
 
not being more flexible in their aid-giving approaches (e.g., program
 
versus project aid) and for insisting that "foreign experts" must do
 
the studies, etc. It would appear that this generally widespread
 
orientation towards appropriate or intermediate technology is the pro­
duct of several factors. One, it seems to come naturally to many
 
Ceylonese, almost as an extension of the culture. Second, the high
 
literacy, access to education facilities and relative ease of communi­
cations undoubtedly have also helped in the spread of technological
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information. 
 Lastly, the foreign exchange crisis and drastic reduction
of imports, and alarming levels of unemployment have all been catlysts
in developing a "let's make it ourselves" attitude. 
A major short­coming to date, however, appears to have been the time necessary to
translate attitudes and plans into actual output-oriented programs.
Part of the probl,-m ties in interagency communication and policy co­ordination.
 

Dr. Schumacher has visited Ceylon many times and has developeda rather large group of s;upporters and admirers. Several Ceylonese
are internalionally recognized authorities in the field of appropriate
technology and are frequent participants in appropriatesymposia. technologyMost of the attitudinal and conceptual approaches toappropriate technology in Sri Lanka conform closely to the Schumachermodel. One wonders which came first--the Schumacher school orCeylonese model. One difference is that 
the 

the Ceylonese model is moreheavily flavored with ideology (anti-imperialist, anti-materialist,anti-foreign-expert and anti-Western technology rhetoric). This isnot a critical statement. 

and the fact that many 

It simply emphasizes some of the sensitivitiesCeylonese look at the concept of intermediateappropriate technology not orin simple economic terms, or solely in termsof the conflict between employment and output but rather in humanisticterms and as a practical extension and application of Buddhist teach­
ings.
 

3. Major Activities and Applications
 

The majority of appropriate technology activities observed
pertained to the rural sector but were representativeto be a wider range of what appearof experimentation and application going on in
other sectors. Following are 
 the m;jior appliications of which some
first hand knowledge wa!; gained.
 

a) The Ministry of Planning and mployment 

This Ministry is a major nucleus for conceptualizing,
planning, organizing and to some extent operating several kinds ofappropriate technology activities, or "peoples; technology"were referred as theyto in the Ministry. These activities ire briefly

described below. 

1) Blacksmith!; 

The Ministry's first program was to organize villageblacksmiths into light industrial cooperatives.
were claimed to have been established 
At least 45 of these


in 14 districts involving over12,000 blacksmiths. The main features of th program are that the.worker is not separated from his workplace, that le has the prospect
of owning his 
own business in his lifetime, and that he is initially
provided with inputs (raw materials, tools, etc) and market outlets"without the intervention of middlemen". Technical assistance wasfurnished by Government andl volunteer university graduates.cooperatives are turning These
out simple tools and implements whichpreviou;;ly imported. It has also revived 

were 
a craft which was slowlydying because of imports and larger-scale domestic competition. 

2) Medium-Scale Industrial Cooperatives 

Medium-Scale Industrial Cooperatives were the nexttype of cooperative to be organized beyond the blacksmiths and small­scale metal workers. The fundamental reason 
for organizing these two
levels of cooperatives is to achieve import substitution in the
agricultural sector, where even simple tools and 
implements are being
imported. The Medium-Scale Industrial Cooperatives are cooperatives
of small machine shops, welding shops, and foundries in various 
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districts. The Cooperative is provided with a technical center for
 
quality control and systematic production of small-scale agricultural
 
equipment. Each technical center is equipped with a heat treatment
 
plant, metrication center, an assembly area, and a central stores and
 
sales area. It was reported that eight of these Medium-Scale Industrial
 
Cooperatives are operating in Sri Lanka.
 

One such cooperative was visited nuar Colombo in the 
small town of Nugegoda. This Cooperative employed about thirty people 
and was concentrating on the manufacture of a small two-wheel tractor. 
The target is to produce 20 tractor units per month in each location. 
The first units were sold in late 1975 and since then production has 
been averaging about 10 to 15 units per month at each center at a cost 
of about 4,500 rupiahs each (about U.S. $600). The engine, wheel belt, 
bearings, sheet metal and drive chain are all imported. The remainder 
of the machine is made in Sri Lanka. There is little quality control 
but thus far there have been few complaints and the farmers have access 
to the regional technical centers for major repairs and adjustments.
 

The demand for two-wheel tractors was estimated at 
4000 to $000 per year. Yet the full production of these cooperatives 
would only be a little over 1000 per year. There appear to he several' 
reasons for this discrepancy. As mentioned earlier, there is a national 
controversy over the two-wheel tractor. One faction, the Ministry of
 
Planning and Employment and others, favor the local production of the 
I.R.R.I.-type tractor to fill the entire demand. Another faction, 
mainly in the Ministry of Agriculture, favors the more sophisticated 
Japanese two-wheel tractor of which about 1200 are imported annually. 
Their argument is that the imported model is better, more maneuverable 
in the field, and is what most farmers want. A second factor in the 
low production of the local version is the flow of raw materials due 
to foreign exchange shortages and import restrictions. However, a 
shortage of steel imports and scrap metal resulted in a novel and inno­
vative project a short time ago. A small group of skilled metal 
workers broke up two ships anchored in Sri Lankan harbors for scrap. 
Plans are to buy obsolete ships and do more of this in place of import­
ing the steel. 

3) Pottery and Pharmaceuticals 

The Ministry has established other programs to organize 
the country's pottery, ceramic and pharmaceutical indlusLtries. Clay 
pots were actually being imported while this ancient craft was dying 
in Sri Lanka. These potterers cooperatives were furnished up-dated 
tools and kilns and were given technical and financial assistance. 
Likewise an effort is being made to organize the "native doctors" and 
pharmacists. The latter is part of a multi-agency effort to establish 
in Sri Lanka intermediate processing of herbs into pharmaceuticals
and teach "native doctors" and pharmacists how to administer these 
medicines. This is an interesting scheme, apparently based somewhat 
on the Chinese "barefoot doctor" model and some basic economics. Sri 
Lanka grows many herbs and roots that are used in the pharmaceutical 
industry in the West. llerb medicine has been practiced by "native 
doctors" in Sri Lanka for centuries. Up until recently these herbs
 
were exported to Europe where they were processed into modern 
pharmaceuticals, some of which were shipped back to Sri Lanka at high 
prices for consumption in the modern sector. Herbs are still exported

in order to earn foreign exchange but increasingly intermediate-level
 
pharmaceuticals are made in Sri Lanka for domestic consumption. 
The author observed one herb that native doctors prescribe in raw form
 
for sore throats. These same herbs are now processed in Sri Lanka
 
into a liquid cough medicine called Valmelix.
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b) The Industrial Development Board
 

The Industrial Development Board (IDB) is part of the
Ministry of Industries and Scientific Affairs. 
 It's function is the
promotion and development of small-scale industries. 
One of its major
functions is the development of machinery and organization of the local
manufacture of machinery for the small-scale sector. 
 It also conducts
several experimental projects. 
Under the latter category, projects of
interest include--the development of a high quality banana fiberboard,
coir dust board, bricks made from rice husks and fuel briquettes from
peat, and quality hand-made paper. 
The IDD also will give further
technical assistance to the 
fledgling small-scale straw board co­operative industries that have been started in eight locations, to
small manioc starch plants, eight small safety match plants, coconut
and palmyra jaggery, and roofing tile plants.
 

The machinery development program has concentrated on such
things as 
the two wheel tractor and tractor trailer, a single roller
cotton gin, a bench lathe and 
a methane gas generator. The bench
lathe has been fully developed as has the methane gas converter.
Special credit programs are planned to demonstrate and popularize the
gas converter for use 
by private individuals. 
The TDB is also in­volved in the manufacture of small engine-driven and bullock-driven
sugar cane crushers. For the future, the 
IDD will initiate research
and experimentation on a hand-operated sugar crusher, dipping machine
for leather goods, wood turning lathe, fretsaw and a hand corn 
sheller.
 

Another important part of IDB's programs 
is its small-scale
across-the-board industrial credit program. 
The IDB can now make loans
to small entrepreneurs of up to 250,000 rupees.
 

c) The FarmMachinery Research Center (FMRC)
 

The FMRC is located at Maha Illuppallama in the North
Central province. This is part of the Engineering Research and Develop­ment Division of the Department of Agriculture and is the only
organization in Sri Lanka that does farm machinery research. 
This
includes machinery design, testing and evaluation, including field
trials and evaluation of the effects of mechanization. The FMRC
was set up in 1968 to evaluate 
the large and varied amounts of farm
machinery that had been imported into the country since the end of
World War II without regard to its suitability for local agricultural
conditions. 
The FMRC's work is done in conjunction with the Agricultural
Implements Factory located at Welsira, which will be discussed later.
 

The FMRC has conducted research on a wide range of farm
implements but has given preference to seeding and threshing equipment.

More emphasis has been put on adaptation of foreign equipment than
on new design. Results 
thus far among mechanized equipment evaluated
seem to favor engine-powered threshers and adaptation of 
imported
Japanese two-wheel engine-powered tractors. 
The FMRC has tested a
pedal thresher ar,1two or three versions of wetland and upland hand
needers. They appear 
to be the most suitable for Sri Lanka's
agriculture. 
A simple hand weeder has been modified and put into mass
 
production.
 

d) The Agricultural Implements Factor
 

The Agricultural Implements factory at Welsira (a short
distance from Colombo) is the production side of the Ministry of
Agriculture's farm machinery development program. 
If FMRC tests and
adaptations prove favorable, the Implements Factory then produces
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the equipment according to estimated demand. This factory has turnedout 
an impressive array of small-scale equipment, but in relatively
small quantities. Following is 
a partial listing of items being pro­duced at Welsira: 
 tractor cage wheels, ridger points, chick feeders,
winnowers, galvinized water tanks (400 gallon capacity), galvinized
buckets, egg trays, poultry feeders, wheel barrows, ploughs and plough
shares, animal cages, bee boxes, incubators, paddy bins, grass cutting
knives, axial flow threshers, hand-pushed seeders (tuur types) and
weeders, and a hand-operated centrifuge pump for extracting honey.
 

The Welsira factory is also building prototypes of the
I.R.R.I.-type coaxial thresher and a simple grain cleaner. 
 One of the
more 
Interesting adaptations is the development of a foot pedal thresher
modeled after the Chinese and Indian models. 
 it is also building a
modified I.R.R.I. axial 
flow thresher which, it is claimed, represents
several improvements over the I.R.R.I. design. 
 It is estimated that
there is 
a potential demand for about 12,000 power threshers in Ceylon.
There is also a high demand for several thousand foot pedal 
threshers
which can be adapted to an engine power source, e.g., by a pulley off
the two-wheel tractor. 
 The Welsira factory has 
given equal attention
to hand-powered equipment. 
 It is now producing second and third
generation hand-powered weeders and seeders. 
In each of these the
greatest attention was given to simplifying the design and substituting
local materials for those that must be imported, e.g., wood 
for steel.
When demand for these items 
 reaches a certain level, production is
utied over to the private sector.
 

Even in hand tools, however, there are difficilties in
achieving import substitution. 
One of the best examples ii the mammoty,
a large, rather heavy, short-handled hoe, which many small farmers
 use for a variety of tasks including tillage. 
The size and shapes
vary within the country, depending on 
customs and soil conditions.
At one time these were all imported from Europe. 
Now none are imported
and the farmers are unhappy with th 
 local versions. It doesn't last
as long and doesn't have the 
same feel and balance. The same thing
is occurring with the two-wheel power tiller. 
 The local versions
(I.R.R.I. design and Landmaster varieties) are not as popular as two
or three models of Japanese tractors. The main reason seems to be
maneuverability. 
The Japanese models have steering clutches; the I.R.R.I.
type does not. There may be a prestige factor at work also. 
 There is
pride in owning the fancier model and farmers like the chance to
it off when hauling produce and family to market. 
show
 

e. The Farm Mechanization Training Center (FMTC)
 

The FMTC, which also is part of the Ministry of Agriculture,
was established in 1971 near Anuradhapura under a cooperative agreement
between Sri Lanka and the Federal Republic of Germany. 
The German
assistance has involved 
the complete equipping of the Center with
modern tools, machinery Ind training materials, as well as furnishing
a team of German experts for technical training, advisory and extension
services. The Center is surrounded by a hundred acres which are used
for field trials and crop production. The main purpose of the Center
is to offer technical training at a variety of levels on farm mechani­zation. 
 Training programs of varying lengths are conducted for
farmers, agricultural students, public and private repair shops on
farm machinery functions, maintenance, repair and the economics of
farm machinery. Depending on 
the group, special training is offered
on two-wheel tractors, four-wheel tractors, water and 
irrigation
pumps, pesticide and fertilizer sprayers, welding, forging, lathe
operations, diesel engine repair, transmission repair, etc. 
 In this
manner, the FMTC complements the work of The Farm Machinery Research
Center and the Agricultural Implements Factory in the 
area of small­scale farm mechanization. The agricultural extension agent plays an
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important role in tying these activities together at the farm level.
An additional spin-off of the FMTC is the creation of semi-skilled
claftsmen and mechanics for 
the rural area.
 

f) The Somisiri Huller Manufactory
 

The Somisiri Rice Huller Manufactory is one of twenty or
more small-to-medium-sized manufacturers of small-scale 
farm equipment.
Somisiri began in 1942 with the manufacture of a rice huller.
original hiler has gJone through several modifications 
The 

and the company now produces since that timeother farm equipment, includingtwo-wheel tractor. the smallIt 
also makes parts and components on a sub­crntract basis for one or more of the Mediium-Scale Industrialoperatives which are Co­making and assembling small-scale farm equipment. 

If Somisiri is typical of other small-to-medium shops inSri Lanka, the country has an excellent base from which to
dynamic and innovative small-scale build aindustrial sector. Typical of theonis i r i 'peration is the fact that it is currently workingnolowiy by which a small on a tech­diesel engine could be manufactured.Linka. !lorqisiri is the in Srinow only manufacturercountry. :;everal yeats of gear wheels in theago, after a long search, the ownerIi!;c-,"red the of Somisiriqear wheel technology
f,)und in a small two-man shop in a 

he had been looking for. It wasremote rural areaI!. of the Britishit was easily adapted to the Somisiri operationand the comriany ha; been in Sri Lankaproducinq quality gar wheels since. This;are innrvative drive i s what hais prompted the searcihrontation for and experi­a locally-preducrd small gas combustion engine. Somisiriis convinced that it can he dont 
its full 

and that Sri Lanka cannot developpotential in appropriate technology until it canown gasoline power source since produce itsall adaption of mechanized equipmentnow must he built around imported engines and other difficultcomponent:;. adultion to profit, 
to makeIn and the thrill of innovationdiscovery, andthere is an obvious national pride at work among innovators

like those at Somisiri. 

g) Summary 

The fencoing represents
going on 

only the barest sketch of what isin ;ri Lanka in the fields of intermediatetechnology. If or appropriatea complete inventory could be maderesearch and ap'lications efforts, 
of all on-going

it is the author's beliefwould add up to a surprisingly full and 
that it

comprehensive picture. Despiteits previou!; history of mindless importation of inappropriatenology up to 1968, there is now a tech­
relatively wide-spread sensitivityto the concept of appropriate tochnoloqy and its importance for Sri
Lanka. There appear to be several reasons for this. Firstforeign exchange is thesqueeze which has developedcon.ciou:;ness. an import substitutionThis attitude even pervades larger-scalecapital and moreintensive activities. For example, a modern rice milling
complex is being built in Anaradhapura with the help of the UN's
Foreign Agiricultural Organization (FAn). 
 Although it is being built
of 
lariely imported materials, plans are already underway
stitute local materials and to sub­to interest local manufacturers in making
as many components as 
possible before replicating this rice milling
complex in twelve other locations. 
The second major reason is that
Sri Lanka is blessed with what appears to be a great number of highlytrained, giftnd and innovative planners, trihnicians, and entrepreneurs
who understand the concept of appropriate technology thoroughly andwho are attempting to do something about it. A major problem may be
the lack of coordination in policy formulation and execution. 
With
so much of the organization and operation of the economy in the hands
of Government institutions, there is room 
for conflict and duplication.
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The case of the two-wheel tractor (i.e., produce locally or 
import) is a
good example of this. The author was told this policy conflict between
import licensing on 
the one hand and the stimulation of local small
scale industry on the other exists in other product areas. 

Sri Lanka offers a productive area for further research
and study. 
 This is not to suggest that it become a laboratory for

the world, but considerable further research needs 
to be conducted

in the area of appropriate technology for application In Sri Lanka
and for possible application elsewhere. 
 One of the areas in which
further research is required in Sri Lanka Is in the agricultural areasscheduled for irrigation. With the diversion of the Mahaweli River,thousands of acres of dry land will come under irrigation. This willmake it possible to use an ancient "tank" system of irrigation and re­store rice and other production to bottom lands. In order to diversify
agriculture and increase production, the Ministry 01 Agriculture isattempting to introduce "hillside" farming severalinto mountainousand semi-mountainous areas. This is a form of farming that does notbelong to Sri Lanka's ancient past and, therefore, an entire new an~d"appropriate" technology must be developed for it. This includeswater control, equipment, land preparation as well as the appropriate

seed and soil technology. 

in the farm sector, the Government seem; committed tomechanization as a means of increasing production. Current researchemphasi,.es the scalesmallest of mechanization. This is a reactionagainst the inappropriate equipment that was imported into Sri Lankabetween 1944 and 1968. 
 It also stems from a conviction, fairly per­
vasive, that improvements in animal-powered equipment are not the
answer. 
To the extent that Sri Lanka cannot produce its own appro­priately-scaled equipment, the dilemma is often seen as a choice
between "shiploads of rice or 
shiploads of two-wheel tractors". More
than once the author heard statements such as "the person who objects
most to mechanization comes from the West." 
 Also, among innovators
 
and practitioners, there is a feeling, like 
some in the Philippines,

that animal-powered equipment is about as good as 
it can be made and
that if one 
tinkers with it too much, its technological balance will

be upset and it will become even less efficient.
 

In Sri Lanka, like severnl other countries, there is a
trend toward greater mechanization without a solid data base concern­
ing the impact of small-scale equipment on increased production, farmincome and employment in the rural sector. 
 This, along with rural
industrialization and information aissemination, is probably one of
the most urgent research p-iorities in the field of intermediate or
appropriate technology. 
Within this context, land preparation and
post-harvesting appear to be the most 
important areas to which more
attention should be devoted. 
Another area for research and possible
international assistance is in toe area of organizing production

systems. Many Ceylonese believe that a sufficient design and

innovative capability exists but that help is needed in organizing
production more efficiently. This includes assistance with small

plant layout, organizing production and assembly systems, and sodrces
 
of supply.
 

http:emphasi,.es


362 
PART IV
 

ON THE ROLE OF INTERNATIONAL ASSISTANCE
 

"Appropriate or Relevant or Intermediate Technology
 
with Dr. E. F. Schumacher as its prophet may draw
 
many disciples from among the privileged both in
 
the rich and the poor world. There is nothing

surprising in this trend as 
it is the way things
 
do happen. However, if Appropriate Technology

becomes a preserve of the few and if it turns out
 
to be another elitist exercise to which the poor

have no access, all your endeavours will end in
 
disappointment and frustration. Therefore, I
 
strongly believe that all Appropriate Technology
 
programmes should be directly related to concrete
 
development actions. The beneficiaries should

have direct access from the problem-identification
stage to problem-solving experience so that the 
programme becomes their own." (11.Ariyaratne,
"Appropriate Technology", The Ceylon Daily News, 
March 2.1, 1976, p. 4). 

.. The AID Mandate
 

In 1973 Congress, by amending the Foreign Assistance Act of 1961,

radically changed the directions of United States economic development
assistance and concentrated it in three principal areas--food andnutrition, population health education humanand and and resources 
development. Congress also intended that to the extent possible

assistance in these areas be directed at reaching the poor majority

of the populations of the developing countries. This mandate is con­tained in Sections 102 through 106 of the Foreign Assistance Act. In

1975 Congress added Section 107 which provides that:
 

"Of the funds made available to carry out this 
Chapter for the fiscal years 1976, 1977 and 1978,
 
a total of $20,000,000 may be used for activities
 
in the field of intermediate technology, through


of , 

private effort to promote the development and 

grants in support -.expanded and coordinated 

dissemination of technologies appropriate for 
developing countries. AID shall prepare a de­
tailed proposal to carry out this section and
shall keep the Senate Foreign Relations Committee 
and the House International Relations Committee 
fully and currently informed concerning the 
development of the proposal...".
 

Fros a review of Congressional Hearings, it is clear that Congress
expects AID to go far beyond the language of Section 107. In particular,

Congress would like to see established an International Institute of
Intermediate Technology. The implication is that this Institute would

be in the U.S. private sector with authority to influence AID policies

and programs concerning intermediate technology. It is also clear that
 
Congress expects AID to support national institutes of intermediate
 
technology within the developing countries, some of which already

exist. Congress is concerned that if intermediate technology is not

rapidly institutionalized in the developing countries, the concept will
 
not gain momemtum.
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AID is both a newcomer and an oldtimer in the field of appropriate
 
technology. AID and its predecessors have fostered intermediate and
 
appropriate technology kinds of activities around the world since at
 
least the days of Point IV. Small demonstration projects, self-help

school construction, small business development, village technology,
 
labor-intensive activities, and popular participation all have been
 
and still are integral parts of AID policies and programs. The small­
scale farm machinery development program at I.R.R.I. is sponsored by
 
AID. AID has not, up to this point, focused these activities under
 
the banner of intermediate or appropriate technology, and, in this
 
respect, AID is a newcomer.
 

Over the past ten years, a surprising number of public and pri­
vate Appropriate Technology Centers (ATC's) have been established in
 
the industralized and developing countries. These ATC's generally
 
fall into three categories: governmental and government-related
 
agencies, universities and non-profit institutions. Following Is a
 
list of some of the main technology centers established to date:
 

* Intermediate Technology Development Group Ltd. (London); 

" Brace Research Institute (Ste Anne de Bellevue, Canada)l
 

* Appropriate Technulogy Cell (New Delhi); 

* Planning Research and Action Division (Lucknow, India); 

* Appropriate Technology Development Unit (Varanasi, India); 

* 	Industrial Development Division, Engineering Experiment 
Station (Georgia Tech, Atlanta, Georgia, USA); 

* 	Volunteers in Technical Assistance (Mt. Rainier, United 
States); 

* Division of Microprojects (Eindohoven, Netherlands); 

* Appropriate Technology Centre (Islamabad, Pakistan); and 

* 	Technology Consultancy Centre, University of Science and 
Technology (Kumasi, Ghana). 

This rapid proliferation of national and international institutions
 
dedicated to the development and dissemination of intermediate or
 
appropriate technology is encouraging but it does raise question'
 
concerning duplication of effort and investment. At present there is
 
no division of labor or information or other networks that can tie
 
these institutional efforts together so that research results and
 
other information can be widely shared.
 

AID is now conducting a comprehensive "state of the art" survey
 
of the entire field of appropriate technology, including discussions
 
with the U.S. private sector in preparation for responding to Cohgress.
 
Although AID has a clear mandate and ample financing authority for
 
an action program, its task is not an easy one. The field of possibi­
lities is immense but there are as many unanswered questions. Opinions
 
vary considerably as to how, at what levels, and in which sectors,
 
appropriate technology should be developed. Therefore, AID must
 
choose its course carefully, least appropriate technology becomes a
 
development cliche, a superficial or redundant effort, or even
 
disruptive to the developing countries.
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1). A Few Reminders
 

It 
is not the purpose of this paper to present a detailed outline
of an appropriate technology assistance strategy for AID or other
international assistance agencies. 
 This is 
left to others who are
far more able and knowledgeable. 
it might be helpful, however, to
summarize a few basic 
Insights--call them reminders--developed in
course of preparing this paper 
the 

which do seem to limit, constrain orotherwise Influence, the role of international assistance in thedevelopment and dissemination of appropriate technology. They havebeen prepared with the AID Mandate in mind but could be equally appli­cable to other assistance programs. Tile points

clusive, 
 are by no means in­and some mwiy appear to hammer unnecessarily on the obvious.They ir. covered in some detail in order to illustrate and supportbasic thrust of this paper which is the 

the
that nature and characteristicsof the concept of appropriate technology severely limit and constrainthe role of international assistance. This is not to state that thisrole is unimportant; it (loes imply that it must be approached with a de­qrc- of cast ion, and more modestly, imaginatively, andidifferently thantralditional forms of assistance. 

1. 'Tr-Objecivs. It is well recoginized that conventional
development theory has not delivered for over one-half of the world'slop.llation..."t Ih.,poor majority". The theory that rapid industrial­ization and expantlion of the modern sector, utilizing capital­inteniive tchnllogij, would cause the traditional sector to shrink.nd become absorbe d by the modern secfor has not, 'ce about for mostot th(,dev,..loping countries. Iln fact, tie disparities between the twosectirl' have iniirta-. in most cases. I f tochnoloqy is not the centralissue 
in thiiii; ii(ma, it certainly plays importantan role. Traditional:;actr_'lhnolocy 
ori uicom'.v;. Munh , 

hs not been ablq to provide an increase in productionth mh-irn sector technology has been importeid
Withiout rodification 
and has been unursable or inappiopriate.words, tfire, ha; been In other . lack of suitable a 1 ternatives to these extremes.The rel:Ill, die only in lart to the lack of suitable alternatives, has;been IowO , -luhlction, low income, rural-to-urban migIrat ion and lack
fa:;i;- -'ir'|v-s, particularly in tihe rural 
of
 

areas. 

Th, short-teirm objective of appropriate tr.nholo;y, therefiore,is tl fill this technological gap in carefully se..cted key problemareas. The i longier rus objectiva should be Liie tuchnol uqical indewli!ence 
of the d".-'t''ie.in, dolntriesi to Hie degree that they ca, l make lheirtechnological choices o nlbased oi tlheir resoirce endowment andpriori ties,. In terms of iornational assistance, perceived

this iseanl:; at tleoutset a frogjesiv aSSirii of initiative and decisio, making to thf_

i e l oping c unties.
 

2. "We rallIneed humility in tie face of what we do not unlerstand." 
T'hill ,ttf n'1", -aken from the dictio-nary definition ofh--
l-s-eem-sy,to i, a farticulirly ai reminder t for those conce-rned with apprpriatetechno I g, Perhapis it shouldconstructing platitudes. end there out of risk of sermonisinq orIt mi'Oht be well to be reminded, however, thatpast development assistance progirams have had something to do witsh tietransfer of inappropriate technologies to tie developing countries.lDeveloirinj country planners and international development e.perts, fortihe most part, have been trained in the industrialized countries.

have been strongly steeped in and oriented towards advanced Western

They
 

technology. 
 This has injected a capital-intensive bias 
into many
development assistance strategies, programs and projects.
 

A basic premise of appropriate technology is that modern sectorknowledqe can be applied to develop technolociies which are infinitelybetter than primitive methods hut which are greatly reduced in
cost, scale and sophistication compared to that existing in the
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advanced Western societies. It is rather sobering and humbling
 
to ask if Western-trained and Western-oriented economists.
 
engineers and other technicians can suddenly do an about face and
 

and skills to the small and the simple? Theapply their knowledge 
to form when
answer is not self-evident. A positive answer begins 


face the future with a certainwe are willing to learn from the past and 
modesty and a great deal of imagination.
 

3. Technology is not neutral. Technology has been compared to 
tourism in that it carries its own culture with it whereevcr it goes. 

This may be a slight overstatement but it illustrates importantan 
point which is that technology in often biased. For example, the Green 
Revolution, while achieving some dramatic results on the production 
side, was biased in its technology. Success for the farmer depended 
on access to water, fertilizers and pesticides; for those without them 
there was no Green Revolution. Moreover, the Green Revolution has 
created an increased demand for mechanization, both on and off the 
farm. This too requires access to credit and often displaces labor. 
Mechanization in turn tends to create consolidation of land holdings,
 
which can further skew the income distribution pattern in the absence 
of alternatives. Appropriate technology introduced into the modern
 

sector can have the effect of displacing markets and jobs in the 
traditional sector. In fairness, it should also be stated that enrich" 
ment of the traditional sector probably has to be at the expense of the 
modern sector. Technology also introduce; its own requirements for 

different support systems. It changes the infrastructure requirements, 
training requirements and marketing systems, just to mention a few. 

The basic point is that technology, at any level, can create
 

second and third generation problems that were sot foreseen, not 
thought of and not desired, some of which wipe out the initial gains 

will always be trade-off- but 
a better job could be (lone in forecasting second and third generation
o compound the original problem. There 

the ex:tent possible, these trade-offs can be
problems so that, to 

by unplanned,made deliberately before the fact rather than forced 

unforeseen results after the fact. There is no guarantee that 
risks and dangers. After
appropriate technology is immune from these 


all, inappropriate technologies were probably once thought. to be 
of course must be sorted out by theappropriate. The trade-off dilemma 

developing countries themselves. International assistance agencies 
can contribute to sound decisions in this respect by more thorough
 

research and analysis of 
new ideas and by assisting with developing
 
better information gathering and distribution systems. 

is highly location specific. There is 

no such thing as an intermediate or appropriate technology for the third 

world, or the 

4. Appropriate technology 

fourth world, or perhaps even for one country. This
 
sounds like a truism. Yet this element seems 
 to be overlooked or 
down-played in the literature and in some current applications. It
 

has great significance for how international assistance is structured
 

and how effective it can and will be.
 

There are at least three major reasons for the location 
some of which are more obviousspecificity of appropriate technology, 

than others. The first and most obvious reason is found in the
 

differences that exist in conditions from one country to another or
 

from one region to another. The basic problems may be very similar
 

but the solutions required are often very different. These differences
 

include political, economic, social and cultural patterns, resource
 

bases, agricultural practices, topography, soil conditions, population
 
The two-wheel
densities, infrastructure, level of development, etc. 

tractor may be appropriate for the five-hectare Central Luzon rice farmer
 

but completely inappropriate for the one-half hectare Javanese rice
 

cultivator.
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Less obvious is the factor of national or local pride among appro­

priate technology innovators and entrepreneurs. While it is difficult
to document, there seems to be a tendency to make some modification,
however minor, in technology developed elsewhere. This tendency was

observed in all three countries visited. Part of this is due to 
a cautious
attitude or the desire to do exhaustive tests and trials before introducing

a foreign technology. There is also a bureaucratic desire to justify the
effort. Entrepreneurs like to make some modifications in order to identify
the product with their enterprise. 
Whatever the other reasons, one of the
 
purposes behind much of the tinkering and modifying seems to be finding
ways to impart a national or indigenous character to the technology. This
 
means 
that in addition to being technically appropriate, the technology

must also reflect the sociocultural setting. The Jeepney industry in the

Philippines is the best example that comes to mind.
 

The location-specific nature of appropriate technology vastly com­plicates, limits, and perhaps alters the traditional forms of international
 
assistance. 
 Except in products involving solar energy, wind power, bio-gas

conversion and development of combustion engines, the location-specific

nature of appropriate technology forces the fragmentation of activities

particularly at the product design and commercialization stages into aseries of "micro-projects" for a region or a country. This means that 'the
research, planning, participation and decision making must take place in
 
or near the problem area. 
 It may also mean that this type of effort does
not lend itself easily to the familiar forms of program and project assis­tance. 
 The emphasis on use of local resources certainly chdnges the nature

of the inputs and the way projects are designed and managed. It places a
much greater reliance on local institutions in the developing countries,
many of which are ill-prepared for the task. 
 To the extent that outside

assistance is required, 
it calls for a greater number and variety of tech­nical specialists working for extended periods of time at grass roots

levels. 
 Therefore, while appropriate technology may lower the foreign

exchange requirements for international assistance, it could raise and
change considerably the foreign personnel requirements. In other words,

labor-intensive programs may require labor-intensive international assis­tance. 
 If this is true, the question is whether AID, and similar agencies,

are willing to reverse past and current trends towards fewer rather than
greater numbers of direct-hire and contract technicians? The alternative

is for AID to be simply the conduit for financing this work through other
institutions. Regardless of the option chosen, the real payoff is not

likely to 
come from a United States university laboratory. It will come
from imaginative and innovative people, indigenous and foreign, working

in the developing countries, close to the problem.
 

S. Commercial Viability. Another important

consideration-fUr developing countries and 
international assistance

agencies involved in appropriate technology efforts is the question of
commercial viability. 
 There are those that argue that many of the "village

level" intermediate technology activities in progress are a waste of time
and money because they are not "commercially viable." This is a question

closely related to the above discussion of location-specificity and the
 
process of "indigenization" which is discussed later.
 

The question of commerical viability is central 
to the economics of
appropriate technology. There are those (see Kahn) that argue that the
commercialization of appropriate technology, simultaneous with its design

and development, is a prerequisite to its 
success and favorable impact on
such problems as unemployment, low production and rural-to-urban migration.

In other words, these socioeconomic benefits will accrue only when tech­nology caters to the demands of the local population. Appropriate tech­
nolocy, therefore, must be demand-oriented and capable of local t-ostly
rural) manufacture and marketing; Proponents contend that in the rural
 areas of developing countries there is an effective demand for modern
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sector products. The problem is that these products, which are now made
 
in the modern sector or are imported, are too expensive and too sophisti­
cated for rural inhabitants. What needs to be done is to redesign a whole
series of high demand, high utility products such as flashlights, sewing

machines, cooking utensils, tools, appliances, farm implements, gas lan­terns, simple vehicles and conveyances, etc., into simpler and lower-cost

products capable of being made and manufactured in rural centers by small
 
entrepreneurs for purchase by rural inhabitants. 
 In this way, rural
employment is increased, rural income goes up, rural-to-urban migration
decreases and living standards are bettered. This is seen as a far more
 
effective means of developing and promoting appropriate technology than

tinkering with impruvements in traditional technology, which must be sub­
sidized and are probably not commercially viable over a long period. 
The
commercial viability approach assumes that the original design, develop­ment and commercialization stages also must be subsidized by the public

sector. In industrialized countries, this function is carried out by the

R & D elements of industry. No such capability exists among small to

medium-sized rural manufacturers and, therefore, this 
must be done by

international or national institutions. 
 This would be accompanied by

industrial extension services until the product is established commercially.
 

The commercial viability criterion has one principal advantage.
Within a rural context, it provides a relatively simple means of deter­
mining priorities, geographic dispersal of small industry and allocations

of resources for the development and dissemination of appropriate tech­
nologies. In other words, it allows market forces to make most of the
determinations and builds a dynamic and progressive element into the

introduction of new technologies. The major disadvantage may be that the
technologies involved will 
become biased towards those with means and
 
bypass in terms of benefits the lowest income groups. Also it is not
clear what this approach would do to traditional or marginally-improved

traditional technologies and 
those that make their meager income from
 
them.
 

Except for 
the last issue, it does appear on balance that the commer­
cial viability principle must be an inescapable and indispensable element
in the formulation of appropriate technology strategies and programs. 
 It
is somewhat inconceivable that it could be otherwise in countries operating

under some form and degree of a "free market" system. Where possible,

close examination should be made to determine if this same principle can
be applied to upgrading traditional methods of production and the commer­
cialization of traditional products. 
In any event, there will have to be
 
a relatively heavy investment of time and patience, if not money, in which

international assistance agencies must be prepared for 
some frustration
 
and failures on the road to successes.
 

6. Technology is Only Part of the Picture. 
The literature and the
litany of appropriate technology is becoming so vast and popularized that

there is 
a danger it will become a science unto itself and isolated from
 many other related factors that bear on the development process. Develop­
ing countries and international agencies need to guard against falling
into this trap. While it is true that not enough is yet known of appro­
priate technology per se, 
even less is known of its relationship to other
 
development issues.
 

The first level of relationship is that of appropriate technology to
national development goals, policies and priorities. These goals and the
trade-offs implied will have a strong influence on 
the success of appro­priate technology efforts. For example, increased agricultural production,

increased employment in the rural areas, energy conservation, import sub­
stitution, and reduced income inequities are all goals that can be served,

theoretically, by appropriate technology. 
Each, however, requires a

different response and produces a different effect. 
The concept of
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appropriate technology also is inextricably linked to economic policies,
 
entrepreneurial attitudes and business practices. The factor price issue,
 
foreign exchange and interest rates, tax policies, labor legislation,
 
licensing regulations and import policies are only a few illustrations of
 
this interaction and interdependence.
 

But appropriate technology cannot exist by economics alone. This is
 
perhaps more true of the traditional sector than tire modern sector but it 
applies to both. Cultural values, traditional practices and social customs
 
are important variables in the equation. There are at least two reasons 
why more Javanese farmers do not harvest rice with a simple sickle rather 
than the slower ani-ani knife. One is related to myth, and the other is 
related to strong social pressures to maintain a traditional, labor­
intensive, crop-sharing method of harvest. Somewhat conversely, many
 
Coylonese farmers prefer a more expensive Japanese two-wheel tractor to the
 
less expensive locally-made model because the imported model has more fea­
tures on it which not only make it easier to handle in tirefield but make
 
it mere prestigious to drive around the village.
 

Several more such examples could be found or cited to illustrate the 
interdependence of appr.,priate technology with a host of other issues and 
factors. Like most other development approaches and concepts, appropriate 
technology involves a series of linkages that must be understood and 
accounted for before putting it into practice. This truth casts some 
doubt over Schumacher's statement that "technology should be treated as 
the central development issue." If there was ever a development concept
 
that required a multi-dimensional, multi-disciplinary appreach, it is 
appropriate technology.
 

7. The Process of "Indigenization". The dictionary defines indig­
enous; as "born, developing, growing, or produced naturally in a region or
 
a country." In a sense, this expresses both the essence and the challenge
 
of instermedlato or arpropriate technology. In other words, how can new
 
and more appropriatj t,.chnoloy be introd ;;'ed f roe the out;idf. n a manner
 
that allows it to take root and grow naturally within a local environment?
 
[lowcan international assistance be structured so as to stimulate local
 
initiative and innovation without stifling or destroying it? To these
 
questions there are no facile answers. It is a delicate and fragile pro­
cess calling for the utmost sensitivity, imagination and patience. With­
out presuming to write a prescription, it would seem that tileprocess of
 
indigenizing technology must include or at least take into consideration
 
many of the following factors:
 

a. The concept and practice of intermediate or appropriate
 
technology moujt he accepted and expressed as an important part of national
 
policy and national develoreent goals.
 

b. There must be a demand or felt need for the technology arid 
the products produced by it. In other worde, it must be able to stimulate
 
commercially viable enterprises leading to sought after socioeconomic
 
benefits. 

c. The basic research concerning the relationship of the tech­
noloty to the local and national environment must be completed. To the 
extent posc;sible, this; research should be done by indigenous personnel in 
the locale in which the technology will be used.
 

d. The technology must be based on the maximum use of local
 
resources (manpower and materials). Import requirements should be kept to
 
a minimum and constitute a small percentage of the inputs required.
 

e. The inputs to and the outputs from the technology (production
 
process) should be relatively low cost and accessible by a large share of
 
the local population. 
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f. The organizational and support requirements should be commen­
surate in scale, simplicity, cost and maintenance requirements with the
 
technology.
 

g. The technology should stimulate other local enterprises, e.g.
 
retail outlets, the manufacture of spare parts and accessories, aqri­
business, etc.
 

h. There should be opportunity for involvement by the users and
 
beneficiaries of the technology from the inception of the activity. To
 
the extent that outside expertise is needed at the research, design, devel­
opment, production and marketing stages, strong provision should be made to
 
train indigenous personnel at each stage. This would include technical
 
skill training as well as management training for entrepreneurs.
 

i. Also provision should he made for continuing access to back­
stop and problem-solvinq services, e.g., industrial extension services,
 
associations, small-scale industry institutes, regional technology centers,
 
etc.
 

j. The technology introduced should not have an adverse impact
 

on existing traditional enterprises or labor markets. Preliminary rusearoh
 
should identify the number of workplaces the new technology will create
 

and/or displace.
 

k. Factor price distortions should be identified and removed if 

possible as well as similar disincentives and obstacles to the viability 
of the technology. The marketing system should be adequato to assure a 

steady flow of production inputs and delivery of the production outputs. 

This may also call for the establishment of standardization policies and
 
mechanisms to assure adequate quality control and avoid second and 
third
 
generation problems.
 

1. The technology must be allowed to grow and develop at its 

own "natural" piace. 

m. Its successes or failures should be judried by indigenous
 

standards, not those of outsiders. 
 In most cases, however, market forces
 

and commercial viability will provide the yardstick.
 

n. The technology introduced should be flexible enough to
 
accommodate further innovations and adaptations 
to allow for progressive
 

improvements and transition to better alternatives.
 

It is recognized that the forecioing is but a crude nad superficial
 

treatment of a complex process. It is a process about which a good deal
 

more can be written and about which a 
 great deal more needs to be learned.
 

It is hoped, however, that it serves to illustrate several key points 

concerning the concept of intermediate or appropriate technolooy: (1) that 

it is a fragile and delicate concept that can be shattered easily by over­

attention and clurisy, presumptive approaches, (2) that the role of inter­

national assistance is limited and ,:onstrained by this factor and the
 
increased dependence on local participation at several levels and linkaqes,
 
and (3) that the process involves substantial and Ions-term investments of
 
time, patience and restraint, elements which international assistance pro­
grams often have had much less of than capital.
 

8. The Need for Impact Studies. Perhaps one of the greatest obsta­

cles to better understanding and acceptance of the concept of appropriate
 
technology as a development strategy is the lack of data concerning the
 
impact it has had or is having on production, income patterns and employ­
ment. 
 For example, part of the controversy surrounding the suitability
 
of the IRRI-designed equipment stems from the fact that sufficient methods
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for measuring impact were not built into the activity from the design

and development stages. This evaluation is absolutely vital for intel­
ligent decision making and dissemination of the technology as well as
 
for minimizing second generation problems. It was not clear in any of
 
the three countries visited exactly what impact the two-wheel tractor is

having on these three important problem areas. One good study has been
 
done in Indonesia on the labor requirements for hand-powered, animal­
powered and engine-powered tillage (see Morris). Although this study is

limited to a few geographic areas, it does give a relatively clear picture

of the labor-using and labor-displacing qualities of these three common
 
types of rice cultivation. More such studies need to be made. This would
 
be a fruitful area for international assistance and international agencies

should insist that methods of measurement be built into any appropriate

technology research and application activities in which they cooperate.
 

C. Some Thoughts on Priorities
 

The field of appropriate technology is so vast and the range of

possibilities is so extensive there is a danier that 
international
 
efforts will hecom3 anarchical,redundant, or reduced to scattered and
feckless tinkering unless some sense of focus and priorities is introduced
 
into the process. Despite previous discussion concerning the limited role

of international assistance, there are several ways in which the inter­
national agencies can assist in organizing and focusing the appropriate

technology movement. A few of the major ones will be touched on briefly.
 

1. International coordination is perhaps the 
first order of business.
 
As was seen earler, there are already a surprising number of appropriate

technology activities sponsored by developed as well as developing coun­tries already underway. Those described earlier represent only a fraction
 
of the total. With only a few exceptions, each is doing its own thing.
While this is consistent with the location-specific nature of appropriate

technology, it could lead 
to unnecessary du:lication and reinvention of

wheels. Some better mechanisms are needed to establish an international 
appropriate technology center or network, to which other international,
regional, national and sub-national institutions would not only have 
access, but from which these institutions would receive information on a
 
regular basis. This would serve 
to encourage and stimulate national
 
efforts and provide a basis for assessing impact and progress, as well as

identifying problems. This international appropriate technology center
 
would not necessarily conduct research for international application.

This is probably better left to private and public specialized inter­
national institutes, and national and sub-national centers in the develop­
ing countries, as well as to universities and foundations.
 

2. Traditional versus modern sector is another issue 
involving

priorities. Several facets of 
the issue have been pointed out earlier.
 
International agencies probably need to decide whether they are going to
 
support appropriate technology activities in both the modern and the tradi­
tional sectors or confine their efforts to just one. There has been an
unconcealed bias in this paper in favor of concentrating appropriate

technology primarily, if not exclusively, in the traditional sector, with
 
emphasis on the rural areas. There are basically three reasons for this
 
bias. They are: (a) not enough is known about appropriate technology and

there are not enough resources available to mount full-scale efforts in
 
both sectors, (b) appropriate technology is aimed at helping the lowest

income groups and while they are 
to be found in both sectors, in urban as
 
well as rural areas, the greatest need exists in the traditional sector,

and (c) appropriate technology appears more suitable for application in
 
the traditional sector, especially when new technologies are required

rather than just adaptations. This focus seems especially suited to
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agencies like AID where development assistance programs are aimed almost
exclusively at the lowest income groups.
 

The above discussion clearly suggests that in terms of appropriate
technology the two sectors cannot be approached similarly. Much of the
appropriate technology literature does not make this distinction. The
author would like to carry the point even further and suggest that com­pletely separate appropriate technology assistance strategies need to be
developed for each spctor. If nothing else, this might help to clarify
some of the confusion that now exists.
 

3. Inventories and profiles are especially urgent facets of the
informational issue. 
 As one of the first steps in constructing an inter­national informational network, inventories, 
or at least profiles, could
be constructed of 
the on-going or contemplated appropriate technology
activities in each developing country. 
This would also include key
innovators and institutions. 
This is an area in which international assis­tance could be very helpful but it would have to be approached carefully
and with the full knowledge and cooperation of the developing countries
involved. Depending on how each country sees 
its own priorities, this
could be done on a more limited basis, e.g., 
for only one sector, or the
 energy area, irrigation, or the construction field,
some etc. In any event,
such information gathering seems absolutely vital in mounting appro­
priate technology programs.
 

4. International Reional Institutes play an important role in the
appropriate technology sphere. 
 There are now several of these inter­national centers in Asia, Latin America and Africa. 
 These institutions
have been devoted primarily to developing better seed technologies and
cropping practices. 
 Some have added "hardware" or farm equipment develop­ment programs to 
the basic seed research. 
 The I.R.R.I. Farm Machinery
Development Program, described earlier, is one of 
the better examples.
Similar efforts 
are in progress at the Tropical International Institute of
Agriculture (IITA) in Nigeria. 
 The author had the opportunity to discuss
the program at IITA with one of the Institute's engineers. IITA takes a
"farming systems" approach to 
appropriate technology. 
They have titled
the farm systems approach "minimum toilage" to complement the crop work
which is built on a "maximum cropping" concept. Most of 
the equipment is
hand-powered with a few small 
engine-powered two-wheel tractors for the

heavier work.
 

More of these kinds of efforts are needed, especially when joined
with specialized crop research. 
These Institutes have the advantage of
being oriented to a specific crop or 
crops and of being located in the
areas 
in which the crops are grown. They can provide a locus of basic
research and the training of indigenous personnel. Their role, while
important, is limited by two factors: 
(a) in 
terms of the basic research,
design and development of appropriate technology, they are restricted to
the conditions existing within the immediate 
area of the research station;
not all of the research, therefore, is applicable and transferable to
other regions and countries, and (b) design and innovative personnel are
usually expatriates which limits to 
some extent their ability to partici­pate effectively in the "indigenization" process. Nevertheless, 
these
international institutes are an 
extremely important link in the chain.
 

5. National Technology Institutes and 
the Regional Adaptive Training
Centers are the next key links in the chain as they form the important
interfaces with international assistance agencies and 
international
research institutes on the one 
hand, and developing country activities and
policies on 
the other. The national technology institutes are in a good
position to promote, stimulate, evaluate, guide and coordinate research
and application. These institutions are among those closest to the pro­blem areas and target populations. 
 India has already established a
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separate complex of national and regional appropriate technology centers.
 
Indonesia has a national technology institute which functions at both the
 

national and regional levels. In Sri Lanka, these functions are performed
 
by the university and several research centers within the Ministries of
 
Industry and Agriculture.
 

In many countries, past development efforts have been focused on the
 
establishment and strengthening of national institutes of technology and
 
have neglected tbe parallel development of the provincial and regional 
centers. Consequently, the latter lag far behind in their ability to make 

a contribution to the development and dissemination of appropriat-e tech­
nology. Linkages have not been formed between national and regional 
centers in terms of information and personnel exchange. The regional 

centers have not been sufficiently mandated or equipped to perform commu­

nity-related research and application. Yet, in terms of the location 
specific principle and the process of indiqenination they could play the 
most vital role. The East-West Center in Honolulu, has; been engaged for 

the past few years in assisting the development of four regional adaptive 
training centers located in the non-metropolitan areas of four Asian 
countries. The concept in sound but needs far more support than it has 
enjoyed in most countries. 

C. AID prioritLes in appropriate technology is a question with which 
the Agency is now facod. ShouId it concentrate it.- re ources on support 
of general levewl effort:;, L .. ,across- the-board res'tarch, or should it, 
limit its activities to selected areas in order to achieve more immediate
 
impact? These are not easy questions to answer. A full and complete, 
answer to this question will not be attempted in this paper, but since this 
paper was motivated primarily by the Agency's new congressionat mandate on 
intermediate technology, it is only appropriate that it end with a few 
general thoughts on how AID might structure some of its priorities in this 
field, keeping in mind the foregoinu discuslion and the- general set of 
reminders put forth in the preceding section. 

-- AID should probably take th lead in establishing an international 
appropriate technology information center and network to provide, in 
effect, a clearini hou!se for and dissemination point f,'r the vast amount 
of appropliate technology information that has been developed and that will 
be developed over the next few years. 

-- With the above as ttte exception, Al) should piolably opt fir a con­
centrated focus on appropriate technology. This focus should be limited 
to tti, traditional sector, and within that context, assistance should be 
focused primarily, if not exclusively in the rural areas. Narrowing the 
focus a bit further, it hliould be directed at the farm, villag;e and rural 
market town levels in terms of food production, food proces! imt, basic 
crafts and skills, and, in sum, the rural manufacture of a ;elective range 
of high demand, high utility products that could be made I.,, rural industry 
for the primary consumption of rural inhibitants. This has the advantage 
of tryien to raise food production on the one hand and absorb more surplus 
rural labor on the other. It is also recognized that it is far more com­
plex than it looks, which is probably one of thte reasons it has been so 
neglected.
 

-- AID can support this focus in several way!; ,:h1 it se.'er:,l levels, 
for example:
 

- institution buildinq in establishing and strengthening the
 
policy, technical and administrative capability of national technology
 
institutes and regional adaptive training centers.
 

- supportof sopcific research at the international, national 
and regional levels. The following are only a few possibilities:
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Stimulated; 
 the process by which innrvation and inventive activity is
 

* methods of technological information dissemination in the
 

developing 	countries;
 

* 
methods of training rural entrepreneurs;
 

* market assessments, i.e., estimating 
the demand for new
 
technologies 	and 
new products 	for 
the rural areas;
 

* the pros and cons of small-scale mechanization;
 

* small-scale food processing; 

* specific design developmentlow-cost, 	 and comm,'r;*i,, i ntiOu ofhigh demand, 	 high utility products and the technologies (theentire production procesn) 
to produce them;
 

* the construction of national inventoriesof current appropriate technology 	 and/or profilesactivities,innovators 	 the key institutions ndinvolved in order to get a comprehensivecountry of the 	 picture, country-by­state of the 	 art dad also to establish somo baseline 	dataagainst which future 
progress 
can be measured.
 

As a final thought, AID shauld consider
ject activities 	 a reviw of Its; current proj­to determine 	 the ",appropriateness"
and techniques 	 of the technologiescalled for by these activities, either dirnctly or indi­rectly. If no other purpose is served, it would provideinvolve 	 a Useful waya good share 	 toof the Agency in understandinqpriatf, technology, 	 th,,concept of appro­and it may even lead to some 	 useful insights, if notdiscoveries. 



374 

INTERVIEWS
 

Abeyratne, Ernest, Director, Agricultural Distriur Iadquarters, 

Department of Agriculture, Peredynia, Sri Lanka. 

Alba, Dr. Manuel, Deputy Director General, National Economic 
Development Administration, Manila, Philippines. 

Amutan, Mauro, Program Evaluation Services Division, National Food 
and Agriculture Council, Quezon City, Philippines. 

Arndt, Thomas, Technical Assistance Bureau, AID, Washington, D.C. 

Bersih, Taragant, Executive Secretary, Development Technology Center, 
Institute of Technology at Bandung, Indonesia. 

Doucherie, Wilhelm, Consultant, Bank of Indonesia, Jakarta, Indonesia. 

Chico, Dr. Leon, Director, Small-Scale Industries Institute, 
University of the Philippines, Quezon City. 

Clodius, Dr. R., Chief of Party, MUCIA Contract, USAID/Indonesia, 
Jakarta. 

Cruz, Damilo M., Manager, San Nicolas Farmers Barrio Cooperative, 
San Nicolas, Nueva Ecija, Philippines. 

Davenport, Jay, National Academy of Sciences, Washington, D.C. 

Dias, N.D.P., Managing Director, Somisiri Huller Manufacturing, 
Colombo, Sri Lanka. 

Duff, Dart, Agricultural Economist, Agricultural Machinery Development 
Program, IRRI, Los Banos, Laguna, Philippines. 

Dunno, Arsenio President,Kaunlaran Industries, Calamba, 
Laqna, Philippines. 

Elka!owe, A.B., Additional Secretntry, Ministry of Industries and 
Scientific Affairs, Colombo, Sri Lanka. 

Engel, Julian, Foreign Secretary, National Academy of Sciences, 
Washington, D.C.
 

Gimemez, Mariana E., Assistant Director, Rural Banks Program, Central
 
Bank, Manila, Philippines.
 

Goodman, Louis, Director, Technology Developmont Institute, East-West
 

Center, Honolulu, Hawaii. 

Goonateleke, Godfrey, Director, Marga Institute, Colombo, Sri Lanka.
 

Gunasekera, Dr. H.A., Head of Research and Development, Cooperative 
Wholesale Establishment, Colombo, Sri Lanka.
 



375 
Hammond, Ross, Director, Appropriate Teclnology Unit, Engineering
 

Experiment Station, Georgia Tech, Atlanta, Georgia.
 

Harahap, Dr. Felin, Director, Development Technology Center, Institute
 
of Technology of Bandung, Indonesia.
 

Harlan, James, Harvard graduate student, Developme it Technology Center, 
Institute of Technology at Bandung, Indonesia. 

Hasibaun, Sayuti, Chief, Population, Employment Transmigration Division,

National Planning Authority, Jakarta, Indonesia.
 

Jayasingha, W.A., Regional Development Division, Ministry of Planning
 
and Economic Affairs, Colombo, Sri Lanka
 

Johnson, Thomas E., Deputy Assistant Director for 
Capital Development,
 
USAID/Philippines, Manila.
 

Kahn, Dr. Amir U., Director, Agricultural Machinery Development Program,
 
IRRI, Los Banos, Laguna, Philippines.
 

Kartasamita, Bana, TOOL Project Leader, Development Technology Center,

Institute of Technology at Bandung, Indonesia.
 

Kartasamita, 
Ir. Giandjar, Cabinet Secretariat, Jakarta, Indonesia.
 

Kathirkamathamby, Ir. S., Superintending Engineer, Research and
 
Development 
 ivision, Department of Agriculture, Peredynia and
 
Maha Illupallama, Sri Lanka.
 

Kaufman, Kenneth, Deputy Mission Director, USAID/Indonesia, Jakarta,
 
Indonesia.
 

Kuether, Don, Georgia Tech Consultant to IRRI's Agricultural Machinery

Development Program, Los Banos, Laguna, Philippines.
 

Lanerolle, James, Counsellor, Embassy of Sri Lanka, Washington, D.C.
 

Lapena, Manuel, Director, Plans and Programs Division, Farm Systems

Development Corporation, Manila, Philippines.
 

Mangahas, Rosario M., Jr., President, San Nicolas Farmerz 
Barrio
 
Cooperative, San Nicolas, Nueva Ecija, Philippines.
 

Maskun, Dr. Sumitro, Chief, Bureau of Planning, Ministry of 
Internal
 
Affairs, Jakarta, Indonesia.
 

Mendis, D.L.O., Engineer, Ministry of Planning and Economic Affairs,
 
Colombo, Sri Lanka.
 

Morris, James, IRRI Representative, Bogor, Indonesia.
 

Niblock, Thomas, Director, USAID/Indonesia, Jakarta, Indonesia.
 

Owen, Ted, Technical Assistance Bureau, AID/W, Washingtun, D.C.
 

Parker, Marvin, Agricultural Machinery Advisor, USAID/Philippines,
 
Manila.
 



:376 

Perera, B.C., Director, Industrial Development Board, Ministry of
 
Industries and Scientific Affairs, Colombo, Sri Lanka.
 

Rentutar, Francisco, Deputy Commissioner, Bureau of Agricultural
 
Extension, Quezon City, Philippines.
 

Rey, Theodore C., Jr., officer-in-Charge, Farm Systems Development
 
Corporation, Ministry of Agriculture, Manila, Philippines. 

Riven, L.M., DCM, United States EmbasSy, Jakarta, Indonesia.
 

Rsatha Sevain Pillai, Project Manager, Farm Mechanical Training Center, 

flow Town, Anuradhapura, Sri Lanka. 

Sasmojo, Sasivinadi, Senior Member, Development Technology Center, 
Institute of Technology at Bandung, Indonesia. 

Shaw, Robert, Director, Ford Foundation, Jakarta, Indonesia. 

Sheppard, Frank, Assistant Director for Agricultural Development, 
USAID/Ihilippines, Manila. 

Sherper, Keith W., Agrarian Reform Officer, USAID/Philippines, Manila.
 

Sinaga, Rudolph, Agricultural Economist, Agro-Survey, Bcqor, Indonesia. 

Siswadhi, Sapardjo, Professor, Institute of Agriculture, Bogor, Indonesia. 

Suedjatmiko, Mr., Staff Member, Aqricultural Mechanization Sub-Directorate, 
Food and Crops, Department of Agriculture, Pasar finqqu, Indonesia. 

Subido, Dr. Chita, Assistant Director, Agricultural Credit Division, 
Central Dank, Manila, Philippines. 

Suhaedi, Wiraotmaja, Director, Agricultural Mechanization Sub-Directorate,
 
Fool and Crops Directorate, Department of Agriculture, Pasar Minggu, 
Indonesia. 

Sujodyo, Dr., Pro lor of Rural Sociology, Institute of Agriculture,
 
Ro[Ior, 11dor tala.
 

Tappan, Walter, Agricultural Advisor, USAID/Indonesia, Jakarta. 

Van 11ollen, Christopher, U.S. Ambassador to Sri Lanka, Colombo, Sri Lanka. 

Van Sant, Jerry, Director, Church World Services, Jakarta, Indonesii. 

Velayutham, S., Director, External Resources Division, Ministry of
 

Planninq and Economic Affairs, Colombo, Sri Lanka.
 

Vergara, Mike, President of Rural Bank, Mexico-Pampanga, Philippines. 

Wawroentoe, W.J., Daily Chairman, Development Technology Center,
 
Institute of Technology at Bandung, Indonesia.
 

Weeratne, A., Ministry of Industries and Scientific Affairs, Colombo,
 

Sri Lanka.
 

Wickremamayeke, Teddy, Director, Rice Processing Development Center,
 
Paddy Marketing Board, Anuradhapura,Sri Lanka.
 



377 

Wimberly, James, Advisor to the Paddy Marketing Board and IRRI
 
Representative, Colombo, Sri Lanka.
 

Wijewardene, Ray, Engineer, International Institu, of Tiopical 

Agriculture, Ibadan, Nigeria. (Interviewed in Colombo, Sri 
Lanka).
 

Zimmcrly, Garnett, Director, USAID/Philippines, Manila.
 



378 

BIBLIOGRAPHY
 

Adolman, Irma, and Morris, Cynthia T., Economic Growth and Equity in
 
Developing Countries, Stanford University Press, Stanford, 1973.
 

AID - Appropriate Technolojies for International Development--Prellminary 
Survey If Research Activitis, Office of Science and Technology, 
AID, Washington, D.C., 197. 60 pp. TA/OST 72-11 (PB 212 288). 

AID - "Implementation of 'Now Directions' In Development Assistance." 
Report to the Committee on International Relations on Implementation 
of Legislative Reforms in the Foreign Assistance Act of 1973, 
Washington, D.C., U.S. Government Printing Office, 1975.
 

AID - Technology and Economics in International Development, Washington,

D.C., Office of Science and Technology, Agency for International
 
Development, May 1972.
 

Anonymous, "Thinking Small", Newsweek, March 22, 1976, pp. 14.
 

Ariyaratne, It.,"Appropriate Technology," The Ceylon Daily News,
 
March 24, 1976, pp. 4.
 

Bautista, F., and Wickham, T.II., The Tractor and the Carabao: A Socio­
economic Studyof Power Source for Land Preparation in Nueva Eij-a 
International Rice Research Institue, Los Banos, Laguna,Philipp nes, 
1974. 

Bell, Cline, "The Acquisition of Agricultural Technology: Its Determinants
 
and Effects," The Journal of Development Studies, No. 9,
 
October 1972, pp. 123-160.
 

Brown, Lester R., Seeds of Change, Praeger Publishers, New York, 1970.
 

Bruton, Henry J., "Economic Development and Labor Use: A Review," in 
E.O. Edwards (c.), Employment n De.veloping Nations, Colombia 
University Press, New York, 1974, pp. 49-67. 

Cabanos, Phil, "Jeepney Manufacturing in the Philippines: A Model for 
Developing the Agricultural Machinery Industry", Agricultural 
Mechanization in Asia, Autumn 1975.
 

Cooper, Charles, "Science, Technology and Production in the Underdeveloped

Countries: An Introduction", The Journal of Development Studies,
 
11o.9, October 1972, pp. 1-18.
 

Duff, B., Output, Employment and Mechanization in Philippine Agriculture,

International Rice Research Institute, Los Banos, Laguna, Philippines,
 
December 1974.
 

Eckhaus, R.S., "Making the Optimal Choice of Technology", in Gerald M.
 
Meier (ed.), Leading Issues in Economic Development: Studies in
 
International Poverty, 2nd Edition, Oxford University Press,
 
New York, 1970, pp. 345-348.
 



379 
Edwards, Edgar 0. (ed.), Employment in Developing Nations, Colombia
 

University Press, ew York, 1914, pp. 428.
 

-- "Employment in Developing Countries", Employment in Developing
Nations, Columbia University Press, New York, 1974, pp.L1-44.
 

Fei, J.C.lH., 
and Ranis, Gustav, "A Model of Growth and Employment in the
Open Dualistic Economy: The Cases of Korea and Taiwan",

Yale University, New Haven, 1974, (draft).
 

Gamble, Alton F., An Accelerated Cooperatives Development Program for
Nueva ela,OffLice of Agricultural Development, U.S. Agency for

International Development, December 1975.
 

German Foundation for Developing Countries - Development and Disseminationof Appropriate Technologies in Rural Areas, International Workshop,
July 17-28, 1972, Eusasi, Ghana, Seminar Centre for Economic and
Social Development, German Foundation for Developing Countries,

1972, pp. 211.
 

Gotsch, Carl - "Economics, Institutions and Employment Generation in
Rural Areas", in E.O. Edwards (ed.), Employment in Developing
Nations, Colombia University Press, New York, 1974, pp. 133-160.
 

"Technical Change and Distribution of Income in Rural Areas",

American Journal of Agricultural Economics, No. 54, May 1972, pp. 326.
 

International Rice Research Institute, Agricultural MachineryDyelopment

Program, Terminal Report, Laguna, Philippines, May 1 5.
 

Inkeles, Alex, and Smith, David H., 
Becoming Modern: Industrial Change
in Six Developing Countries, Harvard University Press, Cambridge,1974.
 

I.L.O., The Work of the Intermediate Technology DevelopmentGroup in

Africa, by E.F. Schumacher, Geneva, pp. 20. ALSO: International

Labor Review, Vol. 106, No. 1, July 1972. 

, Sharing In Development: A Program of Employment, Equity andGrowth for the Philippines, Geneva International Labor Office, 1974. 

, ------
Matching Employment Opportunities and Expectations: A Programmeof Action for Ceylon, (a WEB Report), Genevi International Labor 
Office, 1971. 

----- ,Appropriate Technology, Employment and Income Growth, Prepared by
the ILO at the invitation of UN ACAST, 15th Session, Geneva,
 
November 15-26, 1971, pp. 34.
 

Jackson, Sarah, Economically Appropriate Technologies for DevelopingCountries, Overseas Development Council, Washington, D.C., 1972, pp.38. 

Kahn, Amir U., "Appropriate Technology and Development Assistance",

Unpublished Manuscript, Los Banos, Philippines, January 1975.
 

...... ­"Appropriate Technologies: Do We Transfer, Adapt, or Develop?",
in E.O. Edwards (ed.), Employment in Developing Nations, Colombia

University Press, New York, 1974, pp. 223-233.
 



380 

------- Mechanization Technology For Tropical Agriculture, Paper No. 74-01,
 
International Rice Research Institute, Las Bans, Laguna, Philippines,
 
Paper presented at OECD Seminar, September, 1974. 

Kelley, Alan C.; Williamson, Jeffrey; and Chatham, Russell J., Dualistic 
Economic Development, University of Chicago, Chicago, 1972. 

Kissinger, Henry A., "Global Consensus and Economic Development", 
The Secretary of State, Department of State, Washington, D.C., 
September 1, 1975. 

MacPherson, George, and Jackson, Dudley, "Village Technology for Rural 
Development: Agricultural Innovation in Tanzania", Reprint Series 
:o. 413, University of Cambridge, Department of Applied Economics, 
Reprinted in International Labour Review, No. 3, February 1975, 
pp. 105-126. 

Marsden, Keith, "Progressive Technologies for Dveloping Countries", 
International Labor Review, Vol. 101 , No. 5, May 1970, pp. 475-502. 
ALSO: W. tGalenson (ed.), Essays on Employment, ILO, Geneva, 1971, 
pp. 113-140. 

MMliltoie,George, ard Carr, Marilyn, "Mass Production or Production By
 

The Massc-: Technology a Critical Choice for Developing Countries",
 
Manuscript, Intermediate Technology Development Gioup, Ltd., Parnell
 
House, London, November 1975.
 

Mendis, D.L.O., "Appropriate Technology: Underdevelopment and Over-Develop­
sent", Economic Review, I, Peoples Bank, Sri Lanka, May 1975. 

, "Planning the Industrial------ Revolution in Sri Lanka", Occasional
 
Paper, No. 4, O.E.C.D. Development Centre, January 1975.
 

Merrill, William C., "The Impact of Agricultural Mechanization on
 
Employment and Food Production", Occasional Paper, No. 1, Technical
 
Assistance Bureau, U.S. Agency for International Development,
 
Wa:;hington, D.C., September 1975. 

Mishan, E.-. , Technology and Growth: The Price We Pay, P'raeger Publishers, 
New York, 1970. 

Morawetz, David, "Employment Implications of Industrialization in
 
Developlnc Countries: A Survey", The Economic Journal, September 1974,
 
pp. 491-530. 

Morris, Richard, The otential Impact of Mechanical Land Preparation in
 
theIndonesian Small-ttolder Rice Producing_ Sector, (unpublished
 

manuscript), International Rice Research Institute, 3ogar, Indonesia,
 
September, 1975.
 

O.E.C.D., Choice and Adaptation of Technology in Developing Countries: 
AntOverview of Major Policy Issues, Paris, O.E.C.D., 1974. 

O.E.C.D. Development Centre, "Low-Cost Technology--An Inquiry Into
 
Outstandint Policy Issues", Interim Report of the study sessions
 
held in Paris, September 17-20, 1974, Paris: O.E.C.D. Development
 
Centre, January 1975.
 

------ the Development Centre in
, "Research and Related Activities of 

1975", Paris: O.F.C.D. Development Centre, May 15, 1975.
 



3s31 
Owens, Edgar, and Shaw, Robert, Development Reconsidered, D.C. Death and


Company, Lexington, Massachusetts, 1972.
 

Pickett, James; D.J.C. Forsyth and N.S. McDamn, "The Choice of Technology,
Economic Efficiency and Employment in Developing Countries", in
E.O. Edwards (ed.) Employment in Developing Nations, Columbia
 
University Press, New York, 1974, pp. 209-221.
 

Ranis, Gustav, Technology Choice, Ejmp.loent and Growth, Economic Growth
Center, Center Discussion Paper No. 97, Yale University, New Haven,

Connecticut, 1970, pp. 23.
 

Sen, Amartya, Employment.Technology and IeveloPment, Clarendon Press,
Oxford, England, 1975. 

Schumacher, E.F., is Beautiful:Small Economic asis i I Peopi, Mattere, 
fharper and Row, Now York, 1973. - ....... 

Sinaga, Rudolph, and Collier, William, Social and Regional ImpicatiomA icul tral Development Policy Paj--,r- nted at-th7 
f}tCV,---Cast Asian Agricultural Economics As-ociation Meetingj It Ba]ihipapan,

Indonesia, November 1-4, 1975.
 

Stewart, Frances, "Choice of Techniques in Dev-.lopiniq Countries", ThJournal of DoveohpmntStudie-s, Vol. 9, No. 1, (itobt-r 1972, pp.119-121. 

Technol2oy ad Employment Less 
for the Ford Founda ion Seminar on Technology nd mF] c-yment 

-, in Developed Ceuntrico-, 1'ra,.r,d 
,

March 21-24, 1973, pp. 119. 

"Technology and Employment in LDCs" , in E.O. Edwards (ed.Employment in [evelo1in Nat ions, Columbia University Irfs, New York,
1974, pp. 83-129 

Timmer, C. Peter; Thomas, John Woodward; Wells, Louis T., Jr.; and
Morawetz, David, The Choice of Tchnoljry in feveloiri: Count r is:Some Cautionary Tales, Center for Internationil Affairs;, IHrvard 
University, Cambridge, Massachusetts, 1975.
 

United States flouse of Representatives, 94th Congrless, 1st Session,Rearings of the Committee on International Relations on the Inter­national Development and Food Assistance Act of 1975, u.S. Government
Printing Office, Washington, D.C., July 2-1, T77, pp. 329-340. 

United States Senate, 94th Congress, 1st Session, Hearins Before the
Sub-Committee on Foreign Relations. to Amend the ForiqnAssistanceAct of 1961, U.S. Government Printing office, Washington, D.C., 1975. 

Usui, M., 
Choice and Adaptation of Technology in Develoin Countries: An
Overviewof Major Polcy Issues, Review of the Discussions hold atthe Study Sessions organized by the OECD Development Centre, Paris,November 7-9, 1972, OECD, Paris, 1974, pp. 240.
 



382 
Wells, Louis T., 
Jr., "Economic Man and Engineering Man: Choice of
Technology in a Law-Wage Country", 
in Timmer, C. Peter at al.,
The Choice of Technology in Developing Countries.
Tales. Some Cautionary
Center for International Affairs, flarvard University,
camridge, Massachusetts, 1975.
 
White, Lawrence J., 
(ed.), Technology, Emplo 
 andent,
Princeton University Press, Princ,-New jersey, 1904o
 
Winston, Gordon C., 
"Factor Substitution, ex 
ante and ex post", Journal
of Development Economics, Vol. 1, No. 2, September 1974, pp.i-163.
 

0 




