AUTOMATED MANUFJ
IN DEVELOPII
The appeal of automation lies in its efficiency in the mass
production of materials, components, and end-products. It
is associated with highly industrialized economies. How is
it best adapted to less industrialized countries?
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Modern manufacture and assembly require making and then putting together myriad bits and pieces that are interconnected, standardized, and
produced according to a time schedule. These modern mass-production systems depend upon science and technology to produce new materials, new
products, and new production techniques. Automation has emerged from
three centuries of industrial evolution that has provided the metallurgies,
the mechanical equipment, and the power sources.
Simple mechanization means the displacement of human effort and skill
with machine power and sensitivity: elevators and sewing machines are two
examples. Automation goes further; it involves electrical or mechanical
devices linked to equipment that carries out predetermined tasks—a thermostat is a simple example of a device that controls heating or cooling
according to a programed range of air temperatures. More complex automated equipment may roll steel to prescribed thicknesses or shape metal to
tape-recorded dimensions. The modern ribbon-making machine for light
bulbs is a dramatic example of a self-feeding, self-operating, self-ejecting
piece of automated equipment. Automation may be extended from an individual machine to an entire plant, as in a continuous steel-rolling mill or
in oil refining, or segments of fabricating industries, such as body stamping
and welding of subassemblies (as in appliance and vehicle manufactures),
may be partially or completely automated. The Volkswagen body plant
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ITURING TECHNIQUES
i ECONOMIES

"Quality and precision in modern production systems place absolute limits on the
technical feasibility of substituting human skills for machine capabilities."
The textile factory of COFITEX was expanded and modernized with funds lent by
the World Bank to the International Bank for Economic Development of Morocco. The
factories illustrating this article are all beneficiaries of assistance from the World Bank
Group.
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in Wolfsburg, Germany, is an example of a highly
automated subassembly plant. Stamped body elements
are fed into preset jig mountings and then simultaneously and automatically electrically welded. An entire car body is completed within an hour at some 25
stations on three rotating and interconnected carousels.
More recently, in its new Lordstown, Ohio plant General Motors has completely automated assembly of its
new Vega series in order to reduce the 70 hours of
labor which would otherwise go into assembly at labor
costs which now run more than $6 an hour.
Modern industrial systems differ from traditional
artisan industries in several important ways. In massproduction systems, every step and phase is conceived
and perfected to minimize unit costs and standardize
output. In an artisan craft, there is great heterogeneity
in product design and individual pieces, and little
thought is given to time-phasing and cost control. This
basic difference often leads to difficulties in adapting
artisan skills to factory labor. This was so with an
U. S. diesel engine manufacturer who experienced considerable difficulties with his plant in Shotts, Scotland. Labor was recruited from among local craftsmen
who were simply unwilling to yield individual skills
developed over long years to the precision and standardization built into "mindless machines." Some people
would argue this was a case of wrong hiring, but it also
points to the substantial cultural gap between traditional artisan societies and the human requirements of
modern industrial systems.

Adjustment Problems in Less
Developed Countries
Developing countries face some difficult alternatives:
to what extent should they attempt to minimize capital
and foreign exchange expenditures for expensive automatic equipment; and to what extent should they
attempt to maximize employment opportunities through
the extensive utilization of labor-intensive techniques?
High-volume, automated equipment and techniques are
ill-suited to the limited market demands which are normally encountered in developing economies. Moreover,
to the extent that firms operate in noncompetitive, protected markets, the less the need for the cost efficiencies and rigorous quality standards associated with
automation. Another factor undermining the effective
use of automated equipment is the primitiveness, usual
in LDCs, of supplier industries upon which industrial
plants depend for materials and parts. Cursory consideration of these problems suggests that LDCs should
steer clear of automation.
There are, however, certain situations where automated equipment is required. One is that quality and
precision in modern production systems place absolute

limits on the technical feasibility of substituting human
skills for machine capabilities. Less-automated equipment places a heavier burden upon supervisory and
operator skills; they have more to do in adjusting tolerances, pacing the feeding of materials, and controlling the quality and reliability of finished parts. National deficiencies in technical and managerial skills
may accordingly prompt factory managers to choose
equipment that has precision and control built into the
machine. It is, however, true that sophisticated equipment may also require a different order of coordinating
and maintenance skills.
The appropriateness of automated techniques depends, therefore, upon several interrelated criteria and
constraints. These include the scale of production, precision or quality requirements, the stage of development of supplier industries, the availability of managerial and technical skills, wage rates relative to capital
costs and the supply of factory labor, and national
employment goals. The necessity for using automated
techniques is often implicit in the product.

Cuse Material: India and
Japan
Many of the problems and issues of "appropriate
technology" are dealt with in my case study of the
Kirloskar-Cummins venture to manufacture truck-type
diesel engines in India.1 The industrial product in this
case was a highly sophisticated one in terms of manufacturing techniques, material requirements, and quality
standards necessary to produce a product commensurate with its economic costs. The original production
plan called for manufacturing 2,500 engines a year in
India (about 2 per cent of the U. S. company's output)
and reaching 90 per cent local content within about
two years. (This type of Cummins engine has about
750 major elements.)
At the U. S. plant in Colombus, Indiana, equipment
was designed and selected for high-volume, capitalintensive production. Most of the machine tools were
single-purpose, multistation, and multispindled; this
meant one machine might drill sixty holes in each of
five cylinder blocks at one pass. Narrow tolerances on
diesel engine parts required the highest precision in
tooling. Automatic control devices generally replaced
operators' skills, thereby building quality control into
the machine and reducing the need for inspection of
machined parts. But these more expensive, quality
machine tools are warranted only in high-volume production. Some multipurpose, single-operation equipment was used for low-volume parts at the U. S.
Cummins plant, but even there, machine tools were
1

Manufacturing Problems in India, (Syracuse University
Press), 1967.
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tape-controlled for economy and precision. In converting equipment and techniques to the Indian plant's
low-volume requirements, machine precision and control had to be replaced by human skills and organizational capabilities. Virtually all of the extra tooling and
fixtures required on the lower-volume equipment had to
be custom made in the Indian plant's own tool-and-die
shop. As a result, for a plant with one twentieth the
output, the Indian plant required a tool shop with
about twice the facilities and three times the skilled
labor of the U. S. plant. The Cummins compromise in
tooling—given the quality and volume constraints—is
indicative of the dilemma faced by plants in developing
countries, particularly in the replicating of sophisticated
industrial components and little or no adjustment in
product design.
At about the same time the Kirloskar-Cummins
venture was getting under way, Cummins Engine also
licensed a Japanese firm manufacturing construction
equipment. Komatsu, the Japanese licensee, was producing the same engine as India in the same amounts
but was in a much more favorable position than its
Indian counterpart to convert technology and handle
the manpower adjustment problem. Within two short
years they were producing the Cummins engine with
80-90 per cent local content and of a quality that
equaled international standards and performance. In
the Indian economy it will take 15 years or more to
come anywhere near the Japanese achievement.
Komatsu in Japan could rely upon a wide range of
small manufacturers to produce engine parts. These
suppliers, with technical assistance from Komatsu,
were able to convert the high-volume manufacturing
techniques used in the United States to Japan's initially
low volumes. Komatsu's contractors were able to convert the precision and standardization associated with
automated equipment into new manufacturing specifications, tooling, and equipment suitable for small-scale
production. Even automated welding was converted to
blowtorch specifications and special quality-control
tests. Typically, suppliers in Japan's small-scale, laborintensive sector can absorb such conversion costs and
still compete with the large-scale, capital-intensive sector.

nifficulty in Adaptation
Why could not India adopt Japan's "middle-range"
machine techniques, which would have been more
advantageous to India's scale requirements and other
factor endowments? Chiefly it was because of deficiencies in technical manpower and "intelligent" machines
with higher labor skills. To begin with, Japan had an
abundance of the experienced engineering and technical skills necessary to convert techniques to local
equipment and materials. A second factor was the

much higher level of machine labor skills and factory
discipline developed in Japan over the past century.
When advanced techniques with precision and uniformity built into the equipment were converted to laborintensive production methods, heavier demands were
placed upon machine operators to read blueprints, set
up tools, and in other ways substitute human skill for
machine accuracy. A third element found in Japan but
lacking in India was an industrial sector organization
that permitted the effective use of small-scale shops as
adjuncts to modern industrial complexes. To function
effectively, these small shops had to be able to convert
techniques to meet manufacturing specifications an
where necessary, adapt materials to meet standards.
They also had to be able to coordinate their activities
effectively and schedule production within the larger
industrial complex. Small-scale industry in India is sim
ply not as well organized and integrated into largerscale industry as it is in Japan, nor are the levels of
conversion and managerial skills comparable.
This ability of the Japanese to substitute human
skills for machine capabilities or deficiencies in raw
materials was already evident at the turn of the century. Secondhand textile machinery was imported by
Japan from England, cheaper short-staple cotton was
used in combination with additional workers to mend
broken threads, and repairmen were hired to keep
older equipment going. Japan also now has an intricate
network of small-scale shops and plants that are well
integrated as suppliers into larger industrial complexes.
These small shops are able to meet material standards
and manufacturing specifications and to deliver goods
on tight production schedules.

An Historical Analogy
An historical analogy may be drawn between India
and the early industrialization efforts of the Soviet
Union. David Granick, in his study of Soviet metal
fabricating industries,2 points out that the advanced
"continuous-flow" techniques introduced by Soviet
planners in the early 1930s were well beyond the organizational and technical skills then available in Soviet
society, and that this resulted in widespread underutilization of overcapitalized industries. In order to be
effective, automated equipment had to depend upon
industrywide standards of quality control and efficiencies in interplant scheduling, which the Soviet economy
did not begin to approach until 30 years after the
advanced techniques were introduced.
- David Granick, Soviet Metal Fabricating and Economic
Development: Practice Versus Policy (University of Wisconsin Press), 1967. See also review of Granick's book by Jack
Baranson, American Economic Review, Vol. LVIII, No. 4
(September 1968), pp. 1028-29.
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Right, a Brazilian automobile assembly line; below, a clothfolding operation at a cotton textile mill in Pakistan. "Lessautomated equipment places a heavier burden upon supervisory and
operator skills."

Manpower and organizational shortcomings among
supplier industries were much more formidable problems in India than they were in Japan. For one thing,
the Indian economy did not provide the range of materials available in Japan, to say nothing of quality and
standards. Many of the materials and parts procured in
India were, at best, a near-fit or substandard in quality.
Rejection rates on procured materials and parts ran
anywhere from 10 to 15 per cent, compared with 1 or
2 per cent in the United States. For example, enginehead bolts were made from the wrong steel and were
improperly heat-treated. As a result, the bolts snapped
under tightening tension. (In the United States, the
part was made of a special carbonized steel and was
through-heated for hardening.) There were also difficulties in procuring satisfactory castings for exhaust
manifolds, thermostat housings, and water pump
connections; samples procured had a high porosity,
which resulted in faulty parts. Radiators and fans
meeting Cummins specifications were also difficult to
procure locally, and many other examples could be
given. For this single engine there were 750 parts, 200
supplier parts, and over 15,000 separate processing
techniques alone in the 40 per cent of the product's
value manufactured at the engine plant. These examples
indicate the magnitude of the adjustment trials and
errors an economy must go through in "digesting" an
industrial transplant.
Economic conditions endemic to developing economies and prevailing in India placed an added burden
upon industrial management in India and undermined
the effective use of automated equipment, which must
be used to full capacity if it is to be economic. In particular, erratic fluctuations in effective demand in India
seriously undermined production programs. In the
Kirloskar-Cummins case, potential customers from
among original equipment manufacturers had been
carefully surveyed, but by the time the plant was in full
operation actual orders amounted to only 500 engines
for a plant equipped to produce 2,500 on a two-shift
basis. (Market uncertainties of this kind are among the
many added difficulties plant engineering faces in developing economies.) Ultimately, the Indian management
was quite satisfied to utilize expensive and sophisticated
equipment to turn out simple parts for a cheap line of
small diesel engines. (From a commercial standpoint,
this was a sensible expedient at that point—but from an
economic standpoint it meant using equipment that
was capitalized at five to seven times what was actually
needed—for reasons cited in the original study.) Such
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views are simply incompatible with industrial systems
designed to produce standardized, quality products
using automated techniques.
The difficulties in establishing diesel engine manufacturing in India are a microcosm of the broader
problems now faced by more than 30 developing economies that have embarked upon progressive production
of automotive vehicles. What has been said about diesel engine manufacture (the heterogeneity of materials,
rigid materials specifications and manufacturing standards, and the high engineering and managerial skills
required to ensure the necessary quality and reliability)
applies to the fuller range of production of automotive
components and parts. High-volume, automated techniques are used to manufacture all but a limited range
of specialized vehicles and parts. At high volumes,
automated transfer lines (including rearrangeable standard machine elements) reduce operating and handling
cost per unit of output, increase the rate of utilization
of expensive equipment, and reduce costs for machine
tools, factory space, rejected parts, and machine maintenance.
This fragmentation of production that has characterized automotive industries in developing countries
inhibits the efficient use of automated techniques. But
the demands for precision and standardization require
automated equipment far beyond what scale considerations alone would allow and often have resulted in
widespread overcapitalization.3
Extensive import substitution, both horizontally into
diversified products and backward vertically into supplier industries, has contributed to widespread shortages of managerial and supervisory personnel to
implant production systems and related controls. For
the Volkswagen plant in Brazil, it required some 15
technical supervisors and managers on assignments
ranging from three months to five years to bring the
plant to its full production stage. The case of diesel
engine manufacture in India indicated some of the
critical areas, such as production engineering and
quality control, where LDCs are especially deficient.
These skills are especially important in producing for
world markets where quality standards and cost efficiencies are much more demanding than in protected
"sellers'" markets.

advantageous use of automated techniques. Rationalization in the automotive industry would involve the drastic reduction in the number of models and makes that
are now generally produced in developing countries. In
other instances, programs to standardize major components such as engines and transmission may prove feasible. Other segments of automative production which
lend themselves to labor-intensive techniques include
body fabrication of buses and large truck chassis, interior trim on passenger cars, electrical wiring, and most
assembly operations. Stabilization of design cycles over
extended periods as was done by Volkswagen, Volvo,
Citroen, and most other European motor car producers
is another means for attaining sufficiently large production runs; modular design of body panels and the use
of standard steel shapes for body and chassis elements is another means to the same end.
In some instances, moderate adjustments in product
designs and production techniques would be of considerable advantage in arriving at a proper fit between
acquired technology and particular stages of industrial
capability. The fact is that despite considerable differences in production environments (and consumer
needs) changes are too rarely made in product design
or basic production techniques (other than scaling
down plants). A case may be made for more functional design of industrial products in developing countries that are closer to their economic conditions of
demand and supply. This does not mean that a sophisticated product such as a high-speed diesel engine
should be manufactured at high cost or be of poor
quality or performance. What is needed is industrial
design to adjust the product to functional needs and
productive capabilities so that the product may be
manufactured efficiently. Developing countries would
benefit greatly from selective development of indigenous adaptive engineering capability to help bridge this
technological gap. For larger plants in larger countries
this may mean research and engineering at the plant
level but linked to world technology. For the smaller,
more fragmented industries centralized institutions that
use adaptive technology to link small-scale plants to
internal and external markets may be in order. The
Leather Research Institute in Madras (India) is a case
in point.
Much can be achieved in the way of intelligent
The Challenge of Automation
choices and adaptations of production methods through
Various approaches may be taken to the challenges "work-restructuring" analysis, which can help improve
posed by automation. In certain instances, restructuring productivity of man-machine relationships through the
of industries producing for the home market may lead reorganization of tasks and control patterns. Assemblyto the higher production volumes needed to make line operations have been restructured into productoriented work groups and individual tasks enlarged or
3
See for example, Jack Baranson, "Integrated Automobiles
for Latin America?" Finance and Development, December enriched to reduce the monotony of mass production
1968, pp. 25-29. By 1967, the region had more than 60 firms
and thereby improve productivity. Such groups may
producing at least 200 different models and makes, whereas
combine tool set-up and minor maintenance, assemfrom an economic standpoint three firms producing no more
than half a dozen major lines would have been justifiable. bly or processing, and inspection—in lieu of routine
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short-cycled, repetitive tasks. These techniques are now
used extensively by modern industrial organizations
and can be adapted to the particular cultural contexts
and levels of skills in a developing country. Work
along these lines has been undertaken by Phillips in
the Netherlands at their pilot plant operations in
Utrecht. These activities could serve as a model for
other international corporations and possibly could be
financed in part by international aid agencies.
Export markets in specialized products and components provide major opportunities for utilizing selective
segments of automated techniques. This is particularly
true where low wages prevail and where production
programs permit the import of materials and components that cannot be produced competitively in the
local economy. It is also necessary that foreign technical and managerial personnel be allowed into the country until indigenous manpower becomes sufficiently
experienced to take over. In the automotive field, export
possibilities might include the following categories, of
which specific examples are cited below: (a) the manu-

facture of specialized components and parts, (b)
responsibility for a particular vehicle line, (c) specialization in low-volume replacement parts for obsolete
models, or (d) the reconditioning of engines and parts
for world markets.
Several agreements have actually been signed in
some of these areas in recent years. One was for parts
exported from Mexico by Massey-Ferguson. Another
involved Fiat, which arranged to have transferred an
entire passenger car series to its affiliate in Yugoslavia,
for sale in the world market. Colombia and Mexico have revised their automotive decrees in order to
encourage foreign partners of automotive manufacturers to produce or procure parts for export. Under these
new decrees, exports can be developed in lieu of duplicating a much broader range of components to meet
local content requirements.
In considering export markets, it should be pointed
out that automated techniques may be as well warranted in manufacturing biscuits as in fabricating engine
parts. The conventional wisdom on the choice of pro-

The first paper mill established in Ethiopia at Woaji: "Developing countries face some difficult alternatives: to what extent should
they minimize capital and foreign exchange expenditures for expensive automatic equipment? "
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duction techniques associates labor intensiveness with
simple consumer goods. But under competitive conditions, where standardization and volume are important,
varying degrees of automation may be justified even
for simple consumer goods. The Minoo factory in
Iran, in addition to manufacturing a broad range of
biscuits and confectionery, also produces pharmaceuticals and cosmetics. These latter activities are an outgrowth of the fairly sophisticated laboratory control
and packaging facilities built in connection with the
candy and biscuit operation. The Minoo plant has one
of the largest continuous-baking ovens in the world.
The candy-making equipment is also highly automated
—including mixing, extruding, and wrapping.
International firms are in a particularly favorable
position to structure manufacturing affiliates in developing countries to specialize for world markets. These
international firms have the technical resources and
access to world markets that developing countries must
have if they are to export. Certain foreign enterprises are also in a position to assist developing economies in adjusting imported technology and developing
long-term research and engineering capabilities, if they
begin to take an adjusted view to LDC markets. For
example, take the pilot small-scale plant operated by
Phillips in Utrecht, the Netherlands. In some instances,
they can help redesign product groups that are more in
line with technological absorptive capabilities. This may
mean adjustments in the degree of automation or in
the product itself to accommodate high-volume equipment. But most important, the multinational firm's
access to world markets provides the best opportunities
for selecting product elements with high labor content
even at high volumes of production. A proposal by the
Ford Motor Company to manufacture an "Asian
Ford" based upon specialized production and inter-
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change among consumer markets in the region is the
most recent example of what may be possible.
Finally, more realistic policies for dealing with unemployment problems would open the way for more effective utilization of industrial manpower and automated
techniques. Instead of trying to create jobs extensively throughout industry by setting up plans of uneconomic size and overstaffing of factory labor, industrialization programs should be formulated to throw
the burden of employment creation on sectors where
relatively large amounts of labor can be used economically. This includes a wide variety of other secondary
and tertiary industries. In some sectors, such as food
processing, an advanced marketing and production
system, including automated techniques, can provide
the leading edge for growth and massive employment
in supporting food-growing sectors.
For developing countries, it is not an either/or
choice between automation and handicraft technology.
Technology should be viewed as a continuum of production techniques, with choices depending on the one
hand on the scale and precision of production, and on
the other on wage rates relative to capital costs—
within the emerging framework of manpower skills and
industrial capabilities. Developing countries should
adapt appropriate technology, which will vary according to product lines, market opportunities, and the
evolving capabilities of industry. In order to follow this
path, however, long-term investments in research and
engineering capabilities (manpower and institutions)
will have to be made. The general tendency is for a
widening of the technological gap between developing
and advanced economies. This would seem to point to
the need for the development of indigenous capabilities
to adapt industrial product designs and production systems to help offset this gap.
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