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1. Introduction 
International differences in comparative costs can in principle be at. 
tributed to three kinds of forces: factor proportions, economies of 
scale, and relative efficiency. To take a specific example, the low rela­
tive price of certain services in less developed countries might be at­
tributed to the fact that the services in question are not at all intensive 
in either physical or human capital (the factor proportions account), 
that economies of scale are unimportant in these services, or that 
LDCs are relatively efficient in producing these services (as compared 
to their efficiency in producing, say, manufactured products). 

While it is obvious that differences in relative efficiency can affect 
comparative costs (and trade patterns), economists have tended to 
emphasize the factor proportions theory and economies of scale in 
their exp!anations. Part of the reason for this emphasis is that the 
relative efficiency explanation is rather cnA.ty, unless one can come 
up with explanations for the patterns of relative efficiency. 

The present article attempts to address these issues by looking at 
some data on relative product prices in a sample of less developed 
countries (LDCs) and more developed countries (MDCs). The data are 
taken from the purchasing-power parities collected by the International 
Comparison Project. I In the course of the research project it was dis­
covered that neither the factor proportions theory nor the economies 
of scale phenomenon could account for more than a rather small part 
of the observed variation in relative product prices. The research was 
then directed toward explaining the remaining variation in relative 
product p ices by looking at some product characteristics that were 
thought to affect relative efficiency. 

There are many characteristics of goods that may be hypothesized 
to affect the relative efficiency of LDCs compared to MDCs. These 
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508 Economic Development and Cultural Change 

include the degree of technological progress, the complexity of the 
production process, and the degree to which operations can be 
machine-paced rather than operator-paced. A number of different vari­
ables will be used to capture various aspects of goods, but particular
attention will be paid to the hypothesis that LDCs are especially eefi­
cient in managing large organizations and interdependent production 
processes: this hypothesis suggests that LDC efficiency should be rela­
tively high in goods that can be produced in small organizations and
in a self-contained manner. This self-containment hypothesis will be 
described in the next section of the article. 

This article is organized in the following way. Following the expla­
nation of the self-containment hypothesis in S,.oion II, Section III 
presents the theory of pcedicted relative prices according to the factor 
proportions theory and the economies of scale account and explains
how the deviations of actual from predicted prices are calculated. Sec­
tion IV describes the empirical calculation of factor shares and relative 
factor prices. The adjustment for economies of scale is presented in 
Section V. and Section VI describes the variables reflecting hypothe­
ses about relative efficiency. Results are presented in Section VII. and 
some concluding observations appear in Section VIII. 

11. The Self-Containment Hypothesis and Relative Efficiency
As explained above, differences in efficiency levels across countries 
are interpreted here as deviations of actual relative prices from those 
predicted by the factor proportions theory and ec.',omies of scale 
account. Consequently efficiency differences across countries can 
have many sources, including technological secrets or other barriers 
to technological diffusion, and differences in operational efficiency
within and between organizations. The hypothesis to be explained here 
will focus on the process of technological diffusion and on differences 
across countries in the efficiency of large organizations.

In the process of technological diffusion, it is obvious that the 
profits of importing foreign technology (with or without local adapta­
tion) will tend to be greater where the activity that is being transferred 
is largely self-contained. That is, the innovation is more likely to fail 
if its success depends on new kinds of performances by actors over
whom the innovator has no control. Hence, technological differences 
between MDCs and LDCs should be relatively small in activities with 
a high degree of self-containment and relatively great ir. activities with 
a high degree of interdependence. 

Where successful technological innovation requires coordination 
of a large number of different activities, one might ask, why doesn't the 
innovator internalize the externalities by organizing all the necessary
activities himself? A major part of the answer to this question would 
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seem to lie in the difficulties and inefficiencies encountered in LCDs 
in the opetation of large-scale organizations. 2 

In the process of development, MDCs have developed the skills 
and the culture to make large organizations function comparatively 
effectively. In scme activities, such as mining, organizations based in 
the MDCs have been able to se. up rather self-contained activities (in 
the sense that there is little reliace on new types 3f performance by 
peopAe in the LDC who are not part of the organization), and they often 
achieve technological levels not very different from the operations in 
their home countries. Much more typically, foreign-dominated hierar­
chies are not permitted to endure in LDCs today. 

The hypothesis has two components, one relating to self-contain­
ment and the other to the efficiency of large organizations. The two 
are connected, in that activities could become more self-contained if 
they were incorporated into a larger organization. But the arguments 
are also distinct. The hypothesis predicts that efficiency levels in poor 
courLries will be relatively low in (a) activities that require large-scale 
organizations in the private sector, (b)activities that require extensive 
support services from the government, and (c) activities that require 
high-quality inputs from other sectors of the economy. Conversely, 
efficiency levels in poor countries will be relatively high in activities 
that can be carried out in small organizations in a self-contained 
manner. 

The self-containment/interdependence hypothesis is related to 
some ideas recently presented in the development literature. In a 
thought-provoking lecture, R. E. Lucas has presented a model of de­
velopment emphasizing the external effects of human capital-, in his 
model the productivity of labor of a given skill is positively related to 
the average skill level of the labor force. Lucas stresses the notion that 
one learns by interacting with other people, but his model also derives 
justification from the observation that a particular factory will be more 
productive if it can count on timely and high-quality inputs from its 
suppliers. The remarkable books by Jane Jacobs describe in vivid de­
tail the productive interactions of producers in the specialized districts 
of cities.4 The notion of technological mastery presented by L. E. 
Westphal clearly involves skills in supplying companies as well as in 
the particular factory.' This idea is also present in the product cycle 
model and other technology-based theories of trade.6 

The hypothesis is consistent with the observed comparative ad­
vantage of LDCs in primary as opposed to manufactured products. 
The production process of primary products tends to be much more 
self-contained than that of manufacturing products. The latter typically 
requires quality-controlled inputs from other sectors and relies much 
more than the primary sector on the economy's transportation and 
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communications network. These observations are not meant to sugcest 
that the LDC comparative advantage in primary products is unrelted 
to factor endowments of land, labor, and capital. However, the factor­
proportions theory has confronted a puzzle as to why densely popu­
lated LDCs (e.g., Pakistan, Bangladesh, Philippines) have exported 
mainly primary products that are less labor intensive (in terms of capi­
tal-labor ratios) than sorae manufactured products. 

The hypothesis also has implications for the relative efficiency of 
services, construction, and manufacturing in poor countries, and these 
implications can be tested with our daia. The final product services 
included in this study tend to be provided by very small establish­
ments, and they are relatively self-contained (in that the ratios of pur­
chased inputs to sales is quite low). 7 Manufac.uring activities, by con­
trast, are highly interdependent, requiring inputs from many different 
locations and requiring the coordination of actions of many different 
individuals. Construction occupies an intermediate position between 
services and manufacturing in terms of size of establishment and ratio 
of purchased inputs to sales. 

Apart from the comparison of manufacturing services and con­
struction, the hypothesis suggests some other product characteristics 
that might be used to explain the deviations of actual from predicted 
relative prices. Some of the characteristics mentioned below are also 
suggested by the technology gap theories, especially the product cycle 
version. These theories suggest measures of .echnological progress, 
such as the ratio of research and development expenditures to sales 
and the rate of total factor productivity growth in the MDCs. Techno­
logical progress is probably also correlated with the share of profes­
sional workers and the share of college gradua!es on the payroll. On 
the other hand. the presence of highly trained employees is probably 
also an indication of the industry's need to process information, which 
may come from other sectors or from within an organization. 

Variables that are more specifically related to the self-containment 
hypothesis rather than the technology gap theories are establishment 
size as measured by the number of employees and input-output table 
measures of the degree of interaction of a sector with the rest of the 
economy. These variables are the number of input sectors into an 
industry and a measure of the dispersion of the input shares. These 
input-output variables, which emphasize the reliance of an industry 
on a well-functioning transportation and communications system, are 
suggested quite directly by the self-containment hypothess. 

III. The Deviation of Actual Prices from Predictions Based on the Factor 
Proportions Theory and Economies of Scale 

In this section I explain the relationship, according to the factor pro­
portions theory. between the relative prices of goods, on the one hand, 
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and the relative costs of factors and the factor intensities of goods, on 
the other. For simplicity, I shall assume a Cobb-Douglas production
function and for convenience of exposition I shall illustrate the case 
of two factors of production, but the results generalize readily to the 
case of five factors, which is actually used in the empirical implementa­
tion (the five factors are raw labor, skilled production labor, nonpro­
duction labor, equipment, and structures).

The exposition begins by assuming constant returns to scale. Then 
I introduce an economies of scale .djustment in a preliminary way,
leaving the more detailed explanation of this adjustment to Section V. 
Finally, I derive an expression for the deviations of actual prices from 
the predictions. 

Under a Cobb-Douglas production function, there is also a Cobb-
Douglas cost function that relates the price of the product to factor 
prices and factor shares. For the MDC the production function and 
the cost function are as follows: 

Y = a DX Irx21-r 
EMDC --EMDC = ( /aMD)(wJ)r(w2) -T 

where Y is output, x, and x, are factor inputs, W, and W2 are factor 
prices in the MDC. T is the share of factor 1, all is the Hicks-neutral 
efficiency parameter in the MDC, and E"I is the cost of producing 
one unit of output.8 

For the LDC the unit cost would be 

ELtC = (i/aLDC)(wr,)T(w,)- T 

where i' and it, are the factor prices in the LDC. 
According to the factor proportions theory the predicted relative 

price for product i would be 

PRPi = (ELtc/E,D9 = A* WFPIi, 

where A* is the ratio of the efficiency parameters (aMIC/aLDC), assumed 
to be uniform across products, and WFPIi is the weighted factor price 
index, or 

WFPIi = (w 1/W)Ti(w,/W 2 )1- Ti 

Departing now from the assumption of constant returns to scale, 
let RSi represent the relative size of factories in the LDC compared to 
the MDC and let b(RSi) be the function determining the proportional
increase in costs due to operating at a scale smaller than in the MDC. 
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Then predicted relative price in the LDC becomes 

PRPi = A*WFPIiK(RSi). 

The actual relative price in the LDC may be written 

PRICE, = AiWFPI,M(RS i) + ei,
 

where ei is a random error term and Ai is allowed *.ovary across prod­
ucts. The deviation of the actual price from the predicted price is then 

PDEVi = PRICE, - PRPi = (Ai - A*)WFPIi4(RSi) + e,. 

Dividing by PRP, gives 

RDEV, = PDEV,/PRP, = [(A, - A*)/A*J + e,/PRP,, (I) 

where RDEV, is the proportional deviation of the observed price from 
the predicted price, which according to (1) is equal to the proportional 
deviation of A, from A*. The efficiency parameter A, is considered to 
be a function of the product characteristics mentioned in the previous 
section (R&D intensity, establishment size, professional share, etc.). 
Thus in the empirical work RDEV, will be regressed on these and other 
product characteristics. ' 

For reasons explained below I shall assume that the error term is 
heteroscedastic of the form var(e,) = s2 VARi, where VAR, is an exog­
enous variable. Hence var(e,/PRPi) = s2(VAR/PRP2) = s'v,, where v, 
= VARi/PRP 2. To correct for heteroscedasticity the observations in 
the regression will be weighted by I/v,. 

IV. Empirical Calculation of Price Deviations 
The International Comparison Project (ICP) provides purchasing­
power parities (PPPs) vis-A-vis the U.S. dollar for 34 countries and 
some 150 categories of goods. For example. the PPP for tires, tubes, 
and accessories in India is 11.06 rupees per dollar. Dividing this PPP 
by the exchange rate of 8.376 rupees per dollar gives 11.06/8.376 = 
1.32, which is the relative price of tires in India. For a given commodity 
category these relative prices have been averaged across countries of 
similar per capita income to reduce noise. In the present study the 
countries have been divided into four groups according to real per 
capita income, as follows: 

I. India. Pakistan, Sri Lanka, Thailand, Philippines. Korea 
11. Malaysia, Colombia. Jamaica. Syria. Brazil. Mexico. Iran. 

Uruguay
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111. 	 Ireland, Italy. Spain, United Kingdom, Japan. Austria 
IV. 	 Netherlands. Belgium, France, Luxembourg. Denmark, 

Germany, United States. 

Group I consists of low-income countries in Asia. Group 11 is 
composed of higher-income LDCs. Group III includes industrial coun­
tries below the top level of income, and Group IV contains the highest 
income countries. Three African countries were not included in this 
group because it was thought that their pattern of relative prices might 
be quite different. It turned out, however, that exclusion of the African 
countries had practically no effect on the results. The correlation of 
group I relative prices with and without the three African countries 
was 0.98.10 

A proper test of the hypotheses would be conducted with value­
added prices, but sincc the ICP provides only the final product prices 
and not any data on the prices of raw materials and intermediate goods, 
the final product prices have been used as proxies for the unknown 
value-added prices. The absence of prices of raw materials and inter­
mediate goods inevitably reduces the precision of the tests but does 
not invalidate them because the final product prices are probably fairly 
highly correlated with the value-added prices. 

In order to obtain the factor shares and other characteristics of 
the production process, it is necessary to match the ICP product cate­
gories with the categories in censuses of business establishmenis. Con­
siderable effort has gone into matching the ICP categories with U.S. 
establishment data, and reasonably good matches have been obtained 
for 63 of the ICP's 151 detailed categories. This set will form the 
sample for the present study. The sample includes seven service cate­
gories, II construction categories, and 45 manufactured products. 

Details of the calculation of the factor shares and of the selection 
of the sample categories are available in a working paper." The appen­
dix to the working paper contains a printout of the factor shares and 
all the independent variables used in the regressicns. Although a great 
deai of effort went into the construction of the factor shares, it turns 
out that the results of the regressions explaining relative efficiency are 
quite insensitive to the details of the procedure followed in calculating 
these shares. In fact, the relative efficiency regressions look very simi­
lar even when the observed prices are not corrected for differences in 
factor intensities. 

The relative factor price data are described here in some detail, 
partly because they are of interest in their own right. Once again, 
however, the relative efficiency regressions are not terribly sensitive 
to the precise assumptions made about the quality of labor in LDCs 
compared to MDCs. In fact, one of the interesting points to emerge 
from the calculations is that no reasonable manipulation of the factor 
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price data permits one to escape the conclusion that the differences in 
relative efficiency between LDCs and MDCs are far from uniform 
across products. 

The ICP itself contains the prices (relative to the United States) 
of construction, producer durables, and various categories of labor 
costs. The data for construction and producer durables are shown in 
the upper part of table 1.The construction costs are aweighted average 
of 14 detailed categories, and they do not of course include the cost 
of land. Producer durables are a weighted average of 22 categories. 
The table shows both the averages for each group relative to the United 
States and the averages for each group relative to group IV. 

Since a study by A. C. Harbtzger indicates that annual rates of 
return to capital do not differ in a systematic way across countries (in 
particular the rates of return are not notably higher in poor countries 
than in rich countries), the rates of return will be assumed the same 
across countries. 12 

The ICP also contains the relative costs of various types of labor. 
Some of these are presented in the lower part of table 1. along with 
per capita income converted at exchange rates (Y"ER) and at PPP (Yppp). 
The table shows the wages of domestic servants, first- and second-level 
teachers, college teachers, and the costs of clothing repair and foot­
wear repair (the latter two are largely labor costs). These data are 
presented for the sake of interest and completeness. The next four 
columns show the data that were actually used in constructing relative 
labor cost. namely. the earnings of government employees in four cate­
gories. "3 

These categories are defined as follows. Blue-collar employees are 
divided into unskilled and skilled according to whether they have the 
first level (primary) or the second level (secondary) of education. 
White-collar employees have the second level of education. and pro­
fessionals have the third level of education.4 

The data indicate that the wages in poor countries relative to those 
in rich countries are higher for the more skilled categories of labor­
that is. they are higher for professional than for white collar and higher 
for skilled blue collar than for unskilled blue collar workers. The data 
for domestic servants and teachers are generally :onsistent with this 
pattern. 

Itseems reasonable to suppose that even within the categories 
listed the average labor quality is lower in poorer than in richer coun­
tries and that the quality differences are greater for the more skilled 
categories. One way of making a quality adjustment is to compare the 
earnings of recent immigrants to the United States with those of native 
American workers. G. Borjas has estimated earnings functions from 
1970 and 1980 U.S. census data in which (log) earnings are a function 
of the usual variables (age, schooling, marital status, health) and of 
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immigrant status and years since immigration.'" In Boras's regressions
the coefficient on the dummy for immigration status is interpreted as 
the propoilional reduction in earnings of newly arlived immigrants­
before any assimilation has taken place. These coefficients are avail­
able for individual countries of origin for 2 years (1970 and 1980).
Averaging coefficients over relevant countries and for the 2 years gives 
the following results. 

Group I (India. Philippines, Korea, Taiwan.* Egypt*) -. 443
Group 11 (Iran, Brazil, Colombia. Jamaica. Mexico, 

Argentina*) - .297
Group 11I (All six ICP countries) -. 043
(*Taiwan and Egypt are not ICP countries; their inclusion changes the group
average only slightly. Argentina is not an ICP country but is probably similar 
to Uruguay in the earnings of its nationals in the United States.) 

If these coefficients are taken at face value, then a group I immi­
grant is 44.3% less productive than a native American with the same 
schooling, marital status, age, and health. This coefficient would seem 
to be an overestimate of the appropriate quality adjustment since the 
immigrant is likely to be handicapped by a language barrier and lack 
of familiarity with U.S. culture (handicaps that would not be relevant 
in his country of origin), and these handicaps would seem to be likely 
to outweigh the possible biases arising from the selection of immi­
grants. 16 

It is interesting to compare these coefficients with labor quality
adjustments estimated some time ago in a survey study by M. Krei­
nin. 7 Kreinin sent questionnaires to U.S. firms with plants both in the 
United States and abroad, asking them to compare the labor time per
unit of output in the two countries, under conditions in which similar 
equipment and organization were used. Some of hiF results are repro­
duced in table 2, which shows relative labor requirements per unit of 
output for various regions and countries. The figures apply to a com­
posite of all employees. (For comparison with the Boras results, note 
that Borjas's coefficient of - .443 would correspond to a relative labor 
requirement of 1/.557 = 1.795.) The point of the Kreinin study was 
that U.S. comparative labor effectiveness was nowhere near the 300% 
figure suggested by Leontief to resolve his famous paradox. While 
precise correspondence between the Borjas and Kreinin results is not 
to be expected, the two sets of findings, derived by completely differ­
ent methods, do suggest labor-quality adjustments of the same order 
of magnitude. Kreinin himself urged that the figure for Africa, the Far 
East, and the Middle East be treated cautiously, as it was based on 
few observations, which were widely scattered in their estimates. 

The relative labor costs adjusted by the Borjas coefficients are 
shown in the table 3. In the calculation of predicted relative prices, 



FABLE I 

REl ALIVE COSTS OF FACTORS 

RnI ATIVE TO UNITED STATES 

NUMBER OF 
COUNTRIES Construction 

Producer 
Durables 

Group I (6) 
Group If (8) 
Group I!1 (6) 
Group IV (7) 

.394 

.554 
1.031 
1.202 

1.086 
1.209 
1.128 
1.279 

DOMESTIC 

YER YPpp SERVICE 

Relative to the 
United States: 

Group I 
Group i 
Group !11 
Group IV 

.043 

.156 

.526 

.930 

.118 

.288 

.590 

.832 

.057 

.189 

.648 
1.186 

RELATIVE TO GROUP IV 

Producer 
Construction Durables 

.328 .849 

.461 .945 

.857 .882 
1.000 1.000 

TEACHERS 

First and Second 

Levels College 

.045 .130 
.120 .327 
.454 .509 
.971 1.078 



REPAIRS BLUE COLLAR 
WHITE PRO-

Clothing Footwear Unskilled Skilled COLLAR FESSIONAL 

Group I .166 305 .093 .098 .128 .215 
Group 1i .223 468 -266 .305 .479 .594 
Group III .709 631 .667 .610 .867 1.053 
Group IV 1.220 1.147 1.242 1.099 1.418 1.606 

TEACHERS 

DOMESTIC First and Second 

SERVICE Levels CollegesYER YPPp 

Relative to group IV: 
Group I .046 .142 .048 .046 .121 
Group II .168 .346 .181 .124 .303 
Group 111 .566 .709 .545 .468 .472 
Group IV 1.000 1.000 1.000 1,000 1.000 

REPAIRS BLUE COLLAR 
WHITE PRO-

Clothing Footwear Unskilled Skilled COLLAR FESSIONAL 

Group I .136 .266 .075 .089 .090 .134
 
Group II .209 .408 .214 .278 .338 .370
 
Group I11 .581 .550 .537 .555 .611 .656
 
Group IV 1.000 1.000 1.000 1.000 1.000 1.000
 

SouRcE.-lrving B. Kravis. Alan W. Heston. and Robert Summers. World Product and Income (Baltimore: Johns Hopkins University Press 
for the World Bank. 1982), pp. 176-79. 208-15. 
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TABLE 2 

PER UNIT OF OUTPUT BY REGION AND COUNTRYFOREIGN/U.S. LABOR REQUIREMENTS 

Mean Median 
Country or Region (% %) Observations 

Canada 102 100 71 
Europe 123 120 171 
Germany 115 115 28 
Benelux 118 120 32 
Italy and France 128 120 33 
United Kingdom 126 120 51 
Other Europe 126 119 27 

Japan. Australia. New 
Zealand. South Africa 132 110 35 

Latin America 149 130 76 
Mexico 130 125 24 
Other Latin America 156 135 52 

Africa. Far East. 
Middle East 242 175 14 

SOuRcE. -Mordechai Kreinin. "Comparative Labor Effectiveness and the Leontief 
Scarce Factor Paradox." American Economic Review 55 (March 1965): 131-40. 

the relative cost of raw labor was taken from column I (blue collar 
unskilled) and the relative cost of production labor skill and of nonpro­
duction labor were taken from column 4 (professional). This procedure 
was followed to allow for the possibility that labor-quality differences 
between LDCs and group IV countries are greater among more skilled 
workers. Several alternative procedures were tried, and the results are 

quite insensitive to choice of procedure: these results are contained in 
the working paper cited in note II above. 

V. Adjustment for Economies of Scale 
The adjustment for economies of scale was carried out by following a 
procedure used by H. Pack."8 The adjustment is based on the relative 
size of factories in LDCs and MDCs and on the degree of economies 

TABLE 3 

ADJUSTED RELATIVE LABOR COSTS 

BLUE COLLAR 
WHITE PRO- NON- BOPJAS 

Unskilled Skilled COLLAR FESSIONAL PRODUCTION* COEFFICIENT 

t) (2) (3) (4) (5) (6) 

Group I .134 .160 .160 .240 .200 .557
 
Group 1i .304 .395 .481 .526 .503 .703
 
Group !11 .561 .580 .638 .685 .662 .957
 

" Nonproduction worker relative labor cost is the unweighted average of that for 
white collar and professional. 
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of scale. The paucity of data makes the adjustment somewhat crude,
but the results for the relative efficiency variable turn out to be rather 
insensitive to the details of the procedure.

We assume that the relation of total cost (C) to output (X) is C = 
BXA - , where 0 < a < 1.Hence average cost (c) is c = CIQ = BX - *. 

The ratio of average cost in the LDC to that in the MDC is 

cLDC/cMDC = (XLDC/XMD9c-a = (xAMDC/xLDC)a. (2) 

Relative factory size is approximated by relative employment size. 
Employment size in an industry is calculated as a weighted average of 
the employment size in the different size classes. This type of index,
called a Niehans index, is a much better way of comparing employment
size in different industries and in different countries than is industry
employment divided by the number of factors. 9 Specifically, employ­
ment size in an industry is X = Ii XL/.Li), where X,is the average
employment size in size class i and L1/7,Li is the relative share of 
employment in plants of this size in the particular industry. 

The industrial organization literature contains some estimates of 
the minimum efficient scale (MES) of factories and of the percentage
increase in average cost resulting from producing at half the size of 
the MES instead of at the MES. Let us denote this cost elasticity by
Ecx. I took estimates of the cost elasticity from F. M. Scherer and 
C. F. Pratten. 2' The coverage of these estimates of Ecx is far from 
complete. and judgments had to be made in order to assign values to 
each of the ICP categories. Details are provided in the working paper
appendix (n. II above). The adju,tment was made only for the manu­
facturing categories, not for construction and services. 

From the definition of Ecx and the exponential cost function used 
in equation (2). we have 

I + Ecx = 2'ora = in(l +Ecx)/ln2. (3) 

Equation (3) was used to infer a vlue of a from the value of Ecx. and 
it was assumed in accordance with (2) that this value of a applies
throughout the range of factory sizes between the average size inA the 
LDC and that in the MDC. 

The Niehans index of factory size could be calculated only for 
countries for which the size distribution of factories was available. 
This includes the United States and, from the resources of the IMF-
World Bank library, only Korea and Colombia among the LDCs in the 
ICP sample. 2' The relative size of factories in Colombia (compared to 
those in the United States) was used to calculate the economies-of­
scale adjustment for groups I and II. As an alternative the Korean 
relative size (compared to that of the United States) was also used. 
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The data for Colombia are preferred because relative factory size 
is somewhat smaller on the average than in Korea (.29 for Colombia 
and .60 for Korea) and Colombia is probably more typical of LDCs 
in factory size. The use of Colombian data probably overstates the 
difference in relative factory size for groups I and II because factory 
size is probably larger in most of the other countries. Pryor found the 
Niehans index of factory size in all manufacturing to be positively 
related to aggregate market size, and only five of the 14 countries in 
groups 1and II have smaller domestic markets than Colombia.22 

While the use of Colombian data probably overstates the 
economies-of-scale adjustment. the use of employment as a measure 
of factory size biases the adjustment in the other direction. If factory 
size were measured by an aggregate of inputs instead of labor alone, 
the Colombian factories would appear even smaller relative to the 
U.S. factories. Moreover. since LDC factories tend to ptoduce a wider 
range of products than MDC factories.23 the appropriate adjustment 
would be still larger. On the other hand, the use of the U.S. factories 
as representative of MDC factories undoubtedly exaggerates the ap­
propriate measure of the difference in relative size. On balance. it is 
thought that the correction is probably overstated, but in any case the 
relative efficiency variabies come through loud and clear both in the 
presence and the absence of the economies-of-scale adjustment. 

VI. Relative Efficiency Variables 
The proportional price deviations (RDEV) were regressed on several 
variables reflecting product characteristics that were thought to affect 
relative efficiency. These variables are as follows: 

PROF = share of professional and technical workers among all employees 2 

COLL = share of college graduates among all employees:" 5 and 
R&D = research and development expenditures as a percentage of sales.2 

The rate of growth of total factor productivity (1960-79) in Japan 
and the United States is available in D. Jorgenson. M. Kuroda. and 
M. Nishimizu: rates of growth of total factor productivity for U.S. 
manufacturing sectors only for 1950-57 are available in B. F. Mas­
sell. 27 The variables used were 

TFP = average of U.S. and Japanese rates of growth of total factor produc­
tivity, 1960-79: and 

TFP2 = U.S. growth rate of total factor productivity 1950-57 (manufacturing 
sectors only). 

The employment size distribution of establishments in services 
and construction is available in U.S. data sources. 2 and the size distri­

http:factories.23
http:Colombia.22
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bution of manufacturing establishments is available for the United 
States. Colombia, and Korea. For manufacturing the measure actually
used was the average of the Niehans index for the United States and 
Colombia. For construction and services the U.S. data were used. 9 

Experiments incorporating the Korean data revealed that this modifi­
cation made very little difference. The log of the Niehans index was 
used to reduce the impoitance of extremes of size, but again the results 
were not sensitive to this choice. The variable is 

SIZE = log of Niehans index of establishment employment. 

In searching for a measure of the degree to which an industry
relies on a well functioning transportation and communications system
in the economy. I examined the input coefficients of the U.S. 480­
sector input-output table. I first considered the ratio of inputs to sales,
but a little reflection indicated that this variable does not capture the 
industry characteristics we seek. (Consider as a counterexample a pro­
cessin- industry such as a food canning or flour milling; the input-to­
sales ratio is high, but the industry does not have complex interactions 
with the rest of the economy.) Two measures of the dispersion of 
inputs purchased by the industry were calculated: (a) one minus the 
Herfindahl index of concentration of input shares and (b) the number 
of industries from which the industry makes purchases. The Herfindahl 
index, which is the sum of the squared shares, lies between zero and 
one. For practical purposes. in our data it is determined by the top
four shares; thus it measures the degree of concentration among the 
important inputs. The second measure, the number of input sectors, 
captures the variety of inputs required.

In summary. then, the two additional variables are denoted as 
follows: 

DISP = dispersion of input shares, or one minus the Herfindahl index: and
VRTY = variety of inputs. or number of input sectors. 

Since the 480-sector table provides very little detail on construction 
and final demand services, these two variables are available only for 
the manufacturing categori-s. 

VII. Results 
The regressions were run according to ,-quation (1). There is good 
reason to believe that the error variance differs across product catego­
ries: the categories contain somewhat heterogeneous goods, and prod­
ucts are priced in some countries and not in others. To correct for 
different degrees of product heterogeneity across categories, I first 
calculated the variance of prices (VARj) across all 34 countries in the 
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TABLE 4
 

CORRELATION MATRIX. 63 CATEGORIES 

PROF SIZE R&D TFP COLL 

PROF 1.000 
SIZE .604 1.000 
R&D .770 .438 1.000 
TFP .554 .585 .338 1.000 
COLL .867 .540 .647 .570 1.000 
CNST -. 227 -. 223 -. 225 -. 711 -. 240 
SRVC -. 341 -. 782 -. 247 -. 272 -. 384 

NOTE.-PROF = share of professional workers in industry employment: SIZE 
log of Niehans index of es;ablishment employment: R&D = research and development 
expenditures as a percenzage of sales: TFP = average growth rate of total factor produc­
tivity in the United States and Japan. 1960-79: COLL = share of college graduates in 
industry employment: and C14ST and SRVC = dummies for construction and services. 

ICP sample. The price observations were then weighted by 1/v,. where 
-t,=VAR,/PRP . as required by equation (1). 

Because the input-output variables were available only for the 45 
manufacturing products. this sample was run separately. I start with 
the full sample of 63 categories. Table 4 gives the correlation matrix 
for the full sample. 

According to (I). the proportional deviations RDEV should be 
regressed on the relative efficiency variables."0 The RDEVs are of 
course the deviations of observed prices from the predictions based 
on th. factor proportions theory and the corrections for economies of 
scale. As a check on the robustness of the results, the regressions were 
run on the observed relative prices (denoted PRICE). on the prices 
corrected for f,ctor proportions (denoted RDEV I). and on the prices 
corrected for both factor proportions and relative size (denoted 
RDEV). On the whole the results are quitv robust: the pattern of coef­
ficients on the relative efficiency variables is similar for the unadjusted 
prices and for the two sets of price deviations. 

In table 5 1 show for groups 1 and II the regressions on each of 
the relative efficiency variables, taken separately. All of the variables 
have the expected positive signs, and most are highly significant. The 
results for group III (not shown) are completely different, in that group 
of industrial countries below the top group in income per capita. none 
of the relative efficiency variables is significant. 

Table 5 shaws the standard deviation of PRICE and of the prices 
corrected for fac:tor proportions (PDEV 1)and for both factor propor­
tions and relative size (PDEV). It can be seen ?hat the various adjust­
ments redu.e the standard deviation, as expected. indicating that fac­
tor proportions and relative size explain part of the variation in 
observed relative prices, but they leave a substantial amount to be 
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TABLE S 

REGRESSIONS WITH A SINGLE INDEPENDENT VARIABLE, 63 CATEGORIES 

Dependent Variable
 
and SD* 
 PROF SIZE R&D TFP COLL 

Group 1: 
PRICE. .4317 

(no adjustments) .3773 .2462 .1118 .1531 .3262 
(6.18) (5.98) (5.47) (3.43) (3.17)

PDEVI, 	 .3852 
(no scale adjustment) .4987 .2626 .1304 .2042 .4314 

(6.46) (5.07) (5.I) (3.83) (3.26)
PDEV, 	 .3533 

(standard case) .3640 .2184 .1003 .1582 .3060 
(5.11) (4.43) (4.17) (3.20) (2.66)

PDEV2. 	.3630 
(Korean relative size) .4143 .2385 .1127 .1811 .3577 

(5.52) (4.66) (4.42) (3.50) (2.89) 
Group 	l: 

PRICE. .4002 .3659 .2291 .1132 .1538 .3299 
(6.15) (6.70) (5.50) (3.52) (3.28)

PDEVI. .3546 .3193 .2060 .0938 .1537 .3173 
(5.04) (5.64) (4.23) (3.81) (3.16)

PDEV. .3167 .1977 .1590 .0572 .1048 .1894 
(3.38) (4.58, (2. ) (2.84) (2.20)

PDEV2. .. 274 .2339 .1782 .0679 .1265 .2366 
(3.88) (4-97) (3.30) (3.27) (2.55) 

NoTE.-PDEVI - prices corrected for factor proportions only, PDEV = prices
corrected for factor proportions and relative size: PDEV2 = prices corrected with 
Korean relative size data. The dependent variable in the regressions was not PDEV. 
but RDEV. which is PDEV/PRP. Numbers in parentheses are t-ratios. 

*SD of PRICE or of price deviation (PDEVI. PDEV. PDEV2J. 

explained by the relative efficiency variables. The last row in table 5 
for each group shows PDEV2, the deviations based on Korean relative 
size instead of Colombian relative size as in the base case. The results 
for the relative efficiency variables are not much affected by this 
changc.
 

Some multiple regressions are shown in table 6. The high degree 
of multicollinearity among the independent variables (see table 4) 
causes the coefficients to change a good deal as variables are added. 
The SIZE variable is quite strong in most regressions, and the PROF 
variable is especially strong in group 1. The college share variable 
(COLL) is rather highly correlated with PROF and does not perform 
as well as PROF, consequently, COLL is not shown in the multiple 
regressions. 

The R&D and TFP variables become insignificant when either 
PROF or SIZE is in the regression, but R&D and TFP are not highly 
correlated (r = .338), and both enter the regression significantly. 

Regressions were also run on dummies for the construction sector 
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TAbLE 6
 

MULTIPLE REGRESSIONS OF RDEV. 63 CATEGORIES
 

PROF SIZE R&D TFP Intei'cept R2/S.E.E. 

Group 1: 
.2611 .1128 . . .. -. 9410 .3186 

(3.66) (1.93) (-2.91) (.3406) 
.2999 ... .0269 -. 3256 .2832 

(2.71) (.76) (-4.72) (.3487) 
.3249 ... .0435 - .3351 .3840 

(3.76) (.80) (-4.86) (.3485) 
•...1576 .0674 -1.1287 .2297 

(3.02) (2.68) (-3.69) 1,3442) 
.1835 ... .0551 - 1.2217 .3017 

(2.98) (.95) (-3.47) (.3615) 
.0830 .1064 - .2775 .2561 

(3.37) (2.21) (-4.36) (.3552) 

Group I1: 
.0674 .1322 .... - .8828 .2438 

(.99) (3.01) (-3.67) (.2676) 
.1488 . . .0189 ...- .1731 .1356 

(1.65) (.63) -3.151 (.2861) 
.1455 ...... .0521 -.1817 .1500 

(2.101 (1.19) (-3.36) (.2837) 
.1365 .0258 ... - .9000 .2524 

(3.54) (1.30) (-4.03) (.26611 
.1481 .0177 - .9439 .2335 

13.38) (.41) -3.80) (.2694) 
... ... .0437 - .0772 .1631 .1548 

(2.19) (2.04) f- 3.29) (.2829) 

(CNST) and the service sector (SRVC) (see table 7). The negative 
signs on these variables are consistent with the conjecture that LDC 
relative efficiency is comparatively high in these two sectors. The in­
troduction of the relative efficiency variables weakens both of these 
sectoral dummies, and both become quite insignificant when PROF 
and SIZE are in the equaton (see table 7)or when R&D and TFP are 
in the equation (not shov.a). These results suggest .that the compara­
tively high relative efficiency of LDCs in construction and services is 
explainable by the fact that these two sectors do not require large 
organizations and are not very technicafly progressive. 

For group I the construction dummy entered with a positive sign 
U = 2.22) and the service dummy with a negative sign (t = 1.94): the 
coefficients themselves were rather small (+ .117 and - .141. respec­
tively). These results indicate once again that the group IIl countries' 
pattern of relative prices is quite different from that of the LDCs. 

Next is the sample of 45 manufacturing products. The correlation 
matrix of the independent variables isshown in table 8. and the regres­
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TABLE 7 
REGRESSIONS WITH CONSTRUCTION AND SERVICE DUMMIES. 63 CATEGORIES 

CNST SRVC PROF SIZE Intercept R 2/S.E.E. 

Group 1: 
- .3492 - .3737 ... ... - .0001 .0772

(-2.35) ( - 1.48) (- .002) (.3956)-. 1726 -. 1311 .3290 . . . -. 2762 .2851
(- 1.26) 1- .57) (4.29) (-3.44) (.3482)

.0233 .5655 ... .2990 - 1.9083 .2482 
(.14) (1.69) (3.83) (-3.81) (.3571)

-.0196 .3137 .2329 
 .1642 -1.2433 .3106


(--.12) 
 (.93) (2.52) (1.78) (-2.27, (.3420)
 
Group If: 

- .2674 - .3303 ... ... .0153 .1025 
- 2.51) (-1.88) (.38) (.2915)-. 1867 - .2217 .1478 ... -.1074 .1718
C- 1.74) - 1.27) (2.45) (- 1.69) (.2800)
-. 1347 .3314 .2047 -1.2849 .2519(-. 1) (1.36) ... (3.60) (-3.54) (.2662)
-.0207 .2866 .0378 .1822 -1.1737 .2426


(-.17) (1.10) (.52) (2.55) (-2.78) (.2678) 

sions are in table 9. Panel A of table 9 contains the single-variable
regressions and panel B, the multiple regressions. 

The two input-output variables, variety of inputs (VRTY) and dis­
persion of input shares (DISP), are each quite strong, even in the 
presence of other explanatory variables. The variables PROF. SIZE,
and R&D are significant individually but not when VRTY and DISP 
are in the equation. 3' 

Curiously, the technical change variables for 1960-79 (TFP) is not as strong as the technical change variable for 1950-57 (TFP2).
particular explanation for this finding ig apparent; it should be kept 

No
in 

TABLE 8 

CORRELATION MATRIX. 45 MANUFACTURING PRODUCTS 

shares: TFP2 = rate of growth of total factor productivity in the United States, 1950-57. 

VRTY DISP PROF SIZE R&D TFP TFP2 

VRTY 1.000 
DISP .410 1.000 
PROF 
SIZE 

.368 

.631 
.521 
.669 

1.000 
.576 1.000 

R&D 
TFP 
TFP2 

.348 
-.103 

.291 

.463 

.310 

.533 

.753 

.478 

.502 

.387 

.429 

.676 

1.000 
.120 
.199 

1.000 
.768 1.000 

NOTE.-VRTY variety or number of input sectors: DISP = dispersion of input 

See also table 4 above. 
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TABLE 9 

REGRESSIONS FOR 45 MANUFACTURING PRODUCTS 

VRTY DISP PROF SIZE R&D TFP TFP2 

A. 	Regressions 
with a single inde­
pendent variable: 

Group I 

Group If 

.9833 
(3.46) 

.7979 
(4.21) 

3.535 
(5.10) 
1.929 

(3.68) 

.3234 
(3.92) 

.1370 
(2.21) 

.3524 
(3.82) 

.2295 
(3.57) 

.0877 
(3.34) 

.0442 
(2.24) 

.1409 
(1.63) 

.0570 
(.91) 

.1830 
(2.96) 

.1291 
(3.0 ) 

VRTY DISP PROF SIZE Intercept R2/S.E.E. 

B. Multiple 
regressions: 

Group i .5474 
(2.04) 

.4405 

2.926 
(3.99) 
2.467 

... 

.1147 

... 

. . . 

-2.896 
(-4.70) 
-2.528 

.4057 
(.3044) 
.4137 

(1.57) 
.5461 

(3.03) 
2.922 

(1.25) 
... .0009 

(-3.72) 
-2.898 

(.3024) 
.3912 

Group 11 
(1.65) 

.6022 
(3.05) 

.6418 

(3.27) 
1.264 

(2.40) 
1.411 

... 

-. 0378 

(.01) 
... 

. . . 

(-4.18) 
-1.411 

(-3.20) 
- 1.531 

(.3081) 
.3479 

(.2244) 
.3371 

(3.04) 
.6202 

(2.38) 
1.311 

(-.56) 
. . - .0012 

(-3.10) 
- 1.384 

(.2263) 
.3323 

(2.52) (2.01) (-.12) (-2.80) (.2271) 

mind that the ranking of industries by TFP growth did not remain 
constant over the periods considered. 

VIII. Concluding Observations 
The relative prices examined in this article indicate rather clearly that 

there are large differences across products in the relative efficiency of 

LDCs compared to that of MDCs. This conclusion emerges whether 
one looks at the relative prices themselves or at the deviations of 
relative prices from predictions based on the factor proportions theory 
and economies of scale. 

The LDC relative prices (and the deviations of prices from the 
predictions) are positively related to R&D intensity and the growth of 
total factor productivity in the MDCs. These two variables, which are 

indicators of technological progress. are suggested by technological 
gap theories and have been used frequently in studies of trade pat­
terns. 12 

The LDC prices and price deviations are also positively related 
to the iwo input-output variables, the number (variety) of input sec­
tors. and the dispersion of input shares. These two variables, which 
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do not seem to have been used before, are suggested rather directly
by the self-containment hypothesis described in Section 11 above. 

In addition, LDC relative prices and price deviations are posi­tively related to the share of professionals and the share of college
graduates among all employees. These variables have been used fre­
quently in studies of trade patterns and have often been interpreted 
as reflecting the influence of factor intensity within the context of the
factor proportions theory.33 Both here and in the prior literature, the
professional share works better than the college share. In the present
study, however, the professional share variable in the price deviation
regressions is not to be interpreted as a factor intensity variable in the
ordinary sense, for the influence of skill intensity has supposedly al­
ready been taken into account through the predictions based on the
factor proportions theory. Several interpretations of the professional
share are possible. One could argue that the importance of this highly
trained labor has been understated in the factor-proportion-based cal­
culations bccause this type of labor generates large external benefits
(a theme pursued in Lucas).34 Alternatively, the professional share 
may be regarded as an indicator of technological progress of the indus­try or as an indicator of the degree to which the industry requires
information processing (either within organizations or across sectors).

The establishment size variable is suggested by the hypothesis
that LDCs are particularly deficient at managing large organizations.
This variable is strongly positively related to LDC relative prices and 
thus provides strong support for the hypothesis.

Consistently with the self-containment hypothesis, the LDC rela­
tive price deviations of construction and services were negative, but
the negative coefficients on these sectoral dummies became quite insig­
nificant when either the professional share and establishment size or
the two technological progress variables were added to the regression.
This result indicates that the characteristics of construction and service
that make them especially cheap in LDCs are well captured by these 
relative efficiency variables. 

The finding in this study, that LDCs seem to be relatively efficient
in self-contained activities and relatively inefficient in interdependent 
ones, has implications for comparative advantage in international
trade. The results suggest that successful trade performance in LDCs
will not usually be found in activities with a high degree of what 
Hirschman called "forward and backward linkage."" This implication
has received some support in a companion study of LDC trade.36 The
results also suggest that those LDCs that are successful in exporting
products with a high degree of linkage (such as Korea in its automotive
exports) are countries that are developing institutions that favor eco­
nomic efficiency. Since the effects of such efficiency-enhancing institu­
tions extend well beyond international trade, we might expect that 

http:trade.36
http:Lucas).34
http:theory.33
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countries successfully exporting such products would exhibit higher 

than normal rates of economic growth. This plausible hypothesis 

would seem to merit further investigation. 

Itis obvious that one's interpretation of relative prices and trade 

patterns is strongly affected by whether one adopts a framework em­

phasizing factor proportions and economies of scale or a framework 

stressing relative efficiency. The choice of framework also influences 

one's view of the development process. The results of this study tend 

to support a view of the development process in which organizational 

important as factor accumulation andand institutional change is as 


economies of scale.
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