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ABSTRACT

A COMPARISON OF INDUSTRIAL EFFICIENCY FOR MEXICO,

PUERTO RICO, AND THE UNITED STATES

By

Paul Edward Snoonian

This study shows that Mexican and Puerto Rican

industries operating with capital intensity levels of

equivalent United States industries would not achieve labor

productivity levels of those United States industries. The

resulting difference in labor productivity is called a

"labor efficiency difference." A multiple regression

analysis reveals a significant relationship between high

capital intensity levels and high levels of labor produc-

tivity. A Cobb-Douglas production function is then used to

calculate labor efficiency differences between Mexican,

Puerto Rican, and United States industries. It is

generally found that labor efficiencies in Puerto Rico are

higher than those of Mexico because many Puerto Rican

industries produce for United States markets. Labor

efficiency differences between united States and Mexican

industries are attributed to worker and managerial ability

and economies of scale.

Puerto Rican-United States efficiency differences
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are mainly due to worker and managerial ability with

economies of scale being a smaller influence since, as

mentioned earlier, a number of Puerto Rican industries

produce for United States markets.
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CHAPTER I

ASSESSMENT OF LABOR PRODUCTIVITY STUDIES WITH

REFERENCE TO RELATIVE AND ABSOLUTE

LEVELS OF CAPITAL INTENSITY

I. HYPOTHESIS AND INTRODUCTION

This analysis is concerned with the calculation and

comparison of international labor productivity differ-

entials at various levels of capital intensity. The

countries involved are the United States, Mexico, and

Puerto Rico with the United States serving as the standard

of comparison. The hypothesis is that even if industries

in the less developed areas were equipped with the capital-

labor ratio of equivalent manufacturing industries in the

United States, labor productivity levels for the former

countries would not approach labor productivity levels of

the latter country for the greater majority of industries.

It will be shown that the hypothesis holds true regardless

of the productivity of capital in the less developed

countries and the highest plausible values assigned to the

output elasticity coefficient of capital. A related suppo-

sition is that scale of plant and integrated industrial

development with commensurate linkage effects increase the
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2

productivity of capital and hence labor productivity and

efficiency under given levels of capital intensity.

General Statement Concerning Methodology

To test the previously mentioned hypothesis, cross

sectional empirical data for output, labor, and capital

from the manufacturing sectors of the respective countries

are employed. Productivity comparisons are made for

certain years as well as averages of some selected years.

The calculations seek to answer these questions.

(1) To what extent do capital intensity differ-

ences lead to labor productivity differences?

(2) Are labor productivity differences less for

industries of intensive capital than for

industries of intensive labor?

After establishing that relative productivity differences

in lesser developed areas are greater than their relative

capital intensity differences, an explanation must be made

as to the probable cause or causes of the further differ-

ences. Different industries in the same country are com-

pared as well as the same industry for different years.

Differences among industries in the less developed areas

are also compared within the context of their historical

economic development patterns.
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3

The second question (above) relates to a hypothesis

advanced by Hirschman who does not divorce managerial and

worker efficiency from the level of capital intensity

itself. Hirschman states that productivity differences

are less for capital intensive industries than for labor

intensive industries. Accordingly, capital intensive

investment projects promote operations on a large scale,

set up an atmOSphere where labor becomes more efficient,

coordinate difficult human tasks, and force management to

be more efficient thereby shortening and improving the

decision making process of the managerial hierarchy.1

If the hypotheses and questions are to be answered

successfully, productivity adjustments must be made for

capital intensity variations per worker. These adjustments

require knowledge about production functions in the

countries under investigation. Otherwise certain

assumptions must be made about the characteristics of

these functions. The latter approach is used here since

there is virtually no knowledge of production functions for

each individual industry under investigation. However,

previous empirical studies have provided production

 

1Albert Hirschman, The Strategylgf Economic Develop-

ment (New Haven and London: Yale University Press, 1959),

pp. 146-50.
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4

functions which could be applied to all the industries.

One such function is the Cobb-Douglas production function.

The usual procedure when productivity comparisons are made,

regionally or internationally, is to assume a single pro-

duction function for all industries again with the further

assumption that the exponents are the same for each indus-

try in all the countries. The constants need or will usu-

ally not be the same if the function is fitted to empirical

data and the equation solved for the constant. Nor do the

constants have to be the same when they are determined from

the empirical data.

Two techniques are employed in this analysis. The

first uses arithmetic and logarithmic multiple linear

regression functions while the second uses a ratio of Cobb-

Douglas production functions. The regression equations

calculate relative labor productivities for Mexico and

Puerto Rico under appropriate levels of capital intensity.

Briefly, the regression planes are used to compute the

following: (1) quantitative and directional influence of

changes in the capital-labor ratio upon the ratio of output

to labor; (2) to test the Hirschman hypothesis; and (3) to

compute the overall relative productivity of Mexican and

Pnerto Rican industries operating with the aggregate United

States capital-labor ratio for the chosen industries. The
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5

second method assumes that Cobb-Douglas production

functions are applicable for all industries in all

countries. Relative capital and labor productivities are

computed for Mexican and Puerto Rican industries along

with relative capital-labor ratios for each industry.

Following this, per worker labor productivities for Mexican

and Puerto Rican industries operating with the observed

United States capital-labor ratio in each similar industry

are worked out under varying values of capital elasticity

of substitution coefficients. This analysis is carried on

under constant returns to scale assumptions for all indus-

tries and increasing returns for some selected Mexican and

Puerto Rican industries.

A detailed explanation of the above calculations is

presented in Chapter II. The data and calculations are

given.in the Appendix. The remaining chapters are devoted

to interpretation, analysis, and conclusions of the calcu-

lations, and sub-hypotheses flowing from support or non-

support which the calculations give to the original suppo-

sitions.

limitations.g§ the Present Study

Apart from problems stemming from the lack and

nature of raw data, every empirical study must contend
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6

with certain limitations regarding the scope of the per-

formed calculations. This investigation does not construct

input-output tables nor attempt a measurement of the rate

of technological change. Also, an optimum capital-labor

ratio is not quantified for Mexican and Puerto Rican indus-

tries. This would require the specification of optimum

techniques and determination of a most favorable economic

growth rate. In turn, demand elasticities for final

products would have to be ascertained. These calculations

are not regarded as unimportant. However, for purposes of

manageability, computations are made strictly with refer-

ence to labor productivity differences at varying levels of

capital intensity.

The remainder of the present chapter reviews and

evaluates prior studies of international labor productivity

comparisons which give credence to the current analysis.

The characteristics and application of the Cobb-Douglas

production function in empirical testing is then discussed

as well as methodological problems involved for any study

using empirical production functions.
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7

II. SELECTED SURVEY OF INTERNATIONAL

LABOR PRODUCTIVITY STUDIES

Earlier international labor productivity studies

have raised and explored some very important questions.

This writer feels however, that some methodological mis-

takes were made, that some studies were analytically

incomplete, and that some investigations could have probed

more deeply into the topics raised by the existence of

international labor productivity differentials. Rather

than attempt a complete review of the vast literature,

stress is given to studies which are especially pertinent

to the present investigation.

Empirical Igggguggughg Hirschman Hypothesis

Carlos Diaz Alejandro has compared labor produc-

tivity differences between the United States and Argentina

to test the existence and magnitude of the Hirschman

hypothesis.2 A cross section of sixty-three manufacturing

industries was chosen in both countries on the basis of

output comparability. The compared years were an average

of data for 1953 and 1957 in Argentina and the single year

 

2Carlos Diaz Alejandro, "Industrialization and Labor

Productivity Differentials," Review.gf Economics and

Statistics, Vol. 47 (May, 1965), pp. 207-14.
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8

1958 for the United States. Relative labor productivity

differences between the United States and Argentina with

the former country as the comparative yardstick were

attributed to (l) labor intensity in Argentina; (2) the

absolute size of firms in Argentina; and (3) the relative

size of firms in Argentina. These productivity differences

were represented by the following regression equation which

was used to test the Hirschman hypothesis:

P-a-bL+cS-gE.

The terms P, L, S, and E represent in turn, the average

relative productivity per worker in Argentina; the absolute

labor intensity in Argentina denoted by the portion of

wages and salaries for production and non-production

workers to total dollar value added for each establish-

ment; the absolute size of Argentine establishments where

"size" is the average number of production workers per

establishment; and E is the relative size of Argentine

establishments to comparable establishments in the United

States. The results of the regression equation are given

below:

P - 67.77 - 0.935(L) + 0.035(8) - 0.018(3).

The regression coefficient for labor intensity was

very high but the regression coefficients for the absolute

and relative size factors indicated a weak relationship
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9

between these factors and relative labor productivity. The

coefficient of determination (R2) was 0.523 and not sig-

nificantly high. Except for the petroleum refining indus-

try, relative labor productivities in all Argentinian

industries were lower than the equivalent industry in the

United States.

On the basis of overall results, the author accepted

the Hirschman hypothesis with some reservations. He quali-

fied his acceptance by showing that some industries in

Argentina with a comparative advantage in international

trade also possess a high degree of labor intensity.

Other forces which could affect the Hirschman hypothesis

but lying outside its analytical scope were cited such as

(1) import substitution industries in lesser developed

areas having highly capital intensive techniques and

therefore smaller labor productivity differences when com-

pared to similar industries in developed countries;

(2) tariff protection for certain industries in under-

developed areas favoring capital intensive techniques

placing those industries in a more favorable price position

than competitors in developed countries; and (3) the

narrowing of technical factor substitution possibilities as

industries become more capital intensive. Alejandro

claimed, and correctly so, that any further conclusions had
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to be based on the characteristics of industrial production

functions in Argentina and the United States. If pro-

duction functions were known or assumed, factors which lay

outside the range of Alejandro's analysis could have been

given a meaningful interpretation. Alejandro's regression

equation could scarcely be called a production function.

Approximately 48 per cent of the output variations were

unexplained by capital intensity variations and these could

be given no meaningful analysis. The regression equation

also suffers from poor and inconsistent definitions for the

independent variables. In the first place, relative labor

productivities for Argentinian manufacturing industries are

not explained by labor intensity in Argentina alone.

Alejandro did use relative size as a variable and the

results would have been better if relative labor intensity

was also used. Secondly, Alejandro's definition of the

size variable is not able to produce a high positive

relationship with capital intensity even if such a

relationship did exist. A high average number of workers

per establishment or industry might very well indicate a

high degree of labor intensity. Consistency would require

that the size factor be used as an inverse index of capital

intensity along with the labor intensity variable given

the author's definitions. As used by Alejandro, an
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incompatibility is present between the labor intensity and

size variables which is revealed in the following manner:

the greater the number of production workers, the greater

their share of payroll in total dollar value added.

Therefore, the greater would be the level of labor

intensity and the lower the capital-labor ratio. But the

greater the number of production workers, the greater is

the size variable (S) and consequently, the greater is the

level of capital intensity. The relative size variable (E)

is also correspondingly affected. This could account for

the low regression coefficients obtained by Alejandro for

the absolute and relative size variables. Alejandro did

state that capital-labor ratios would have been better

indicators of capital intensity but that data on capital

was unavailable for Argentina.

A subsequent article by Edmar Bacha included capital

data in a comparison of relative labor productivities

between Mexico for 1961 and the United States for 1958.3

In addition, Bacha calculated a correlation coefficient

between the size of firms and capital intensity, "size"

being defined as the number of establishments divided by the

 

3Edmar Bacha, "A Comparison of Industrial Produc-

tivity Between Mexico and the United States," §;_Trimestre

Economico, Vol. 33 (October-December, 1966), pp. 657-73.
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number of workers. The Hirschman hypothesis was also put

to an empirical test. Forty-five manufacturing industries

were selected from both countries on the basis of compara-

bility of outputs and availability of statistics. For the

computations, the symbols K, L, and VA represented the

amount of fixed capital, labor, and value of output. Thus,

K/L stood for the level of capital per unit of labor. The

United States, as in Alejandro‘s article, was the standard

of comparison (i.e., United States - 100). The subscripts

"u" and "m" specified the United States and Mexico, each in

the order given. Bacha then computed the absolute size of

the capital-labor ratio for each industry in each country.

From this, the relative capital-labor ratio for Mexican

industries to comparable United States industries was

Obtained. Next, Bacha derived the aggregate relative

capital-labor ratio for Mexican industries, the numerical

result of which is given below:

(1) Km Lm -

Ku Lu 0°36°

The absolute value of output per unit of labor for each

industry in both countries and the relative value of output

per unit of labor for Mexico in each of the forty-five

industries was calculated. Overall relative labor produc-

tivity was ensuingly determined:
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(2) VAmZLm _ O 27.

VAu/Lu

Bacha concluded from the above that overall productivity

for United States industries was approximately four times

greater than Mexican industries (1.0/0.27). Capital

intensity for United States industries was computed as

being nearly three times greater than Mexican industries

(1.0/0.36). Bacha attributed 75 per cent of the overall

productivity difference to the difference in capital

intensity via the succeeding manner:

(3) o,2711,o - 0 75

0.36/1.0 ° °

Bacha proceeded to remove the effects of capital

intensity differences upon output for each industry. The

resulting figure was termed an "efficiency difference"

(DP?) between United States and Mexican industries. This

0?? was to point to the presence of other factors influ-

encing output besides capital intensity. Bacha's method

for removing capital intensity differentials is shown

below:

VAu/Lu ' Ku/Lu °

Bacha interpreted a DPP of greater than 100.0 as

the United States using a "disproportionate" amount of

capital to achieve a greater per worker product than
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average labor output in the equivalent Mexican industry.

Alternatively, a DPP of less than 100.0 showed that other

factors in the United States than the capital intensity

advantage were responsible for the productivity advantage

of United States industries over similar Mexican indus-

tries. Out of forty-five industries, thirty had a DPP of

less than 100.0. The conclusion was that the majority of

the United States industries under examination possessed

productivity advantages over the same Mexican industries

which were not attributed to capital intensity.

The Hirschman hypothesis was empirically tested by

Bacha to further determine the effects of capital intensity

on relative labor output of manufacturing industries in

Mexico. The regression equation, given below, depicts the

capital intensity and productivity relationship:

Km(5) log VAm Lm E
VAu/Lu - log a + b log

The regression coefficient (b) had a positive value of

0.219 and the coefficient of correlation was 0.319, neither

one of which was significantly high. Bacha found that the

Hirschman hypothesis generally held but in a very weak

fashion. A positive value of the regression coefficient

but a low absolute value of 0.219 would indicate this to be

correct. A 1 per cent change in the capital-labor ratio by
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Bacha's calculations would lead only to a 0.219 per cent of

a l per cent change in the ratio of relative productivity

for Mexican industries. Apart from this, Bacha believed

that the Hirschman hypothesis would have to be accepted

with caution because (1) his data covered only a one year

period; (2) the business cycle may have influenced his

data; and (3) differences in labor productivity may have

been due more to technology than to capital intensity since

the possibilities of factor substitution narrow as capital

intensity levels rise.

Bacha's study is an improvement over the analysis

conducted by Alejandro. Bacha made an attempt to measure

the contribution of capital to productivity and isolate an

efficiency difference. Alejandro's prime concern was to

test the Hirschman hypothesis. Bacha's linear logarithmic

equation also provided a better fit to the data than

Alejandro's (the correlation coefficients were 0.319 and

0.229 respectively) although goodness of fit could scarcely

qualify a regression equation as a true production function

for the data under consideration.

Previously stated, the measurement of the contri-

bution of capital intensity and the correction of output

for differences in capital intensity by Bacha thereby iso-

lating an efficiency difference, represented an important
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contribution to international labor productivity studies.

Once such procedures are accomplished, the feasibility of

economic development through maximum or minimum levels of

capital intensity becomes more apparent. Nevertheless,

Bacha's adjustment method for the efficiency difference and

his definition of that term is unsatisfactory. Bacha used

the same adjustment to obtain a productivity of capital

ratio and to remove the effects of capital intensity on

relative output. To explain Bacha's error, it is necessary

to consider his method for arriving at the conclusion that

75 per cent of the overall productivity difference between

Mexican and United States manufacturing industries was

attributed to the difference in aggregate capital intensity.

His calculation technique is as follows:



 

(63

(7)

(8)
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(6) Wm Lm _

VAu/Lu 0'27

(7) 3.3M-

Ku/Lu 0'36

(8) VAmZLm

VAuZLu -

KmZLm

Lm

Ku/Lu

(88) VAmZ KuZLu _

VAu/Lu . Km/Lm

(8b) VAm . §g_.

VAu Km

(8c) VAm . Ku

Km VAu

(8d) VAm Km.

VAu/Ku

The absolute value of equation (8d) was 0.75 which Bacha

called the difference in productivity due to the difference

in capital intensity. However, (8d) is only an aggregate

relative productivity of capital ratio for Mexican indus-

tries compared with identical United States industries.

Moreover, Bacha also used the above procedure to adjust for

capital intensity differences calling the result a "pure

efficiency difference". In brief, the same computational

procedure was used to obtain capital productivity and to

remove the influences of differences in capital-labor

ratios on relative output. In both cases the result was a

relative productivity of capital ratio. Another
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shortcoming of Bacha's investigation lies in the regression

equation used to test the Hirschman hypothesis. Relative

labor productivities between Mexican and United States

industries were determined on the basis of capital

intensity in Mexico alone. The choice of 1958 as a year to

gather United States data could not be considered a sound

choice since a recession was occurring in that country

during 1958 which could have distorted capital-labor ratios

as well as other data under consideration. If years other

than 1958 were selected along with the latter year, then

the empirical data could have better reflected true capital

usages and labor productivities.4

The previously reviewed articles provide a start but

lack analytical depth. The Cobb-Douglas function enables

this writer to examine questions and reach conclusions

which could not have been explored or drawn by Alejandro or

Bacha. The most obvious advantage possessed by the Cobb-

Douglas production function over the other regression

equations is that the exponents can'be expressed as

 

4Einar Hardin and W. Paul Strassmann, "Industrial

Productivity and Capital Intensity in Mexico and the

United States," El Trimestre Economico, Vol. 35 (January-

March, 1968), pp.—51-62; and W. Paul Strassmann, Techno-

logical Change and Economic Development (Ithaca, New York:

Cornell University Press, 1968), p. 78.
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elasticities of substitution between capital and labor

inputs or can be considered as the output elasticities of

the factor inputs. The output elasticities for the Cobb-

Douglas function have three notable characteristics:

(1) both are positive but less than unity; (2) both sum

to unity; and (3) both are constant. Consider the

regression equation:b b

l

1 x2

If the X1 coefficient is a capital input, the X2 coef-

II II

ficient a labor input, a an arbitrary constant, and the

(9) Yc - aX 2.

exponent values b1 and b2 for the capital and labor inputs

sum to unity, equation (9) becomes a Cobb-Douglas pro-

duction function. The logarithmic form of equation (9) can

then be written as:

(10) log Yc = log a + b log X + b log X
1 2 2

and b2) are the

l

where the regression coefficients (h

1

substitution elasticities or output elasticities for the

capital and labor inputs respectively.

In addition, the relative economic efficiency of

Mexican industries is not described by a relative produc-

tivity of capital ratio. The concept of economic

efficiency is elusive and deserves careful consideration

before any conclusions can be reached about investment

priorities for lesser developed areas. For example,
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various analyses define economic efficiency according to

their own or given aims and purposes but in any event

Bacha's definition must be considered as not being

descriptive of anything save a relative productivity of

capital ratio. Chapter II fully elaborates the notion of

economic efficiency used in this analysis.

As stated earlier, the application of a Cobb-Douglas

production function to empirical data provides advantages

over the previously mentioned studies. However, the mathe-

matical properties and the assumptions underlying the Cobb-

Douglas function are subject to criticism on their own

score. The remainder of this chapter briefly reviews the

mathematical properties and assumptions of the Cobb-Douglas

function and some relevant studies which have employed

production functions of the CObb-Douglas type for inter-

national labor productivity comparisons. The studies to be

cited have somewhat different methodologies and purposes

from the current study but they will serve to uphold the

methodological validity used in this investigation.

The CObb-Douglas production function has the mathe-

matical property of being linear homogeneous of degree one.

This property along with constant substitution elasticities

which add to unity cause objections toward the Cobb-Douglas

function for empirical testing. To begin with, the
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function is based upon the assumption of perfect compe-

tition in resource markets. Moreover, the assumption of

linear homogeneity of degree one requires that all firms

are operating on the minimum point of their long run aver-

age cost curves which requires in turn, that the conditions

for long run competitive equilibrium have been met.

Markets are far from perfect nationally or internationally

and since the Cobb-Douglas function was developed by obser-

vation of United States data, its usage on an international

scale is complicated by different accounting systems which

may record capital and labor inputs differently. Defi-

nitions of the market place may also be different for the

lesser developed areas. In the United States, a trans-

action is recorded in the GNP accounts if the transaction

is productive and if there is a money flow associated with

the transaction. Such may not be the case with many lesser

developed areas. What is considered productive in the

United States may not be considered productive elsewhere.

Further, many lesser developed areas typically have many

productive transactions with no commensurate money flows,

that is, at least a higher proportion of such transactions

than the United States. ‘More importantly, market imper-

fections and structural disequilibria of various sorts

could hamper output elasticities or substitution
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elasticities for the lesser developed areas to a greater

extent than the United States. Narrow domestic and export

markets for the former countries leading to low sales

volume could also distort capital-labor substitution.

Empirical Production Functions and International Labor

Productivity Comparisons

An article by E. J. Heath compared labor produc-

tivity for Great Britain and Canada for 1948.5 A Cobb-

Douglas production function was fitted to empirical data

for output, capital, and labor. The same exponents were

assumed for similar industries between the different

countries. Relative horsepower per unit of output with

Great Britain as 100.0 was used as the level of mechani-

zation or capital intensity. The horsepower data suggested

that its use per unit of labor was higher in Great Britain

although output per unit of horsepower was higher in

Canada. The Cobb-Douglas function was employed for a three

factor case and written as:

(11) x - pf H’M"

where X is output; L is relative labor; H is relative

horsepower; M.is relative fuel usage; and "p" is the

 

5E. J. Heath, "British-Canadian Industrial Produc-

tivity," Economic Journal, Vol. 67 (December, 1957),

PP. 665-91.
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productivity ratio. Using a logarithmic form of (11)

above, a three variable regression was calculated and the

numerical values of "p" andor,~B , andd' , the output

elasticities, were calculated. It was found that labor

productivity in Canada was 7 per cent higher in Canada

than Great Britain. Using a Cobb-Douglas function proper,

that is by excluding'Md and reducing the regression

equation to a two factor case, labor productivity in Canada

was 55 per cent higher in Canada than Great Britain. Rela-

tive fuel usage then revealed that fuel inputs were

superior in Great Britain than Canada. The remaining

7 per cent difference in labor productivity not accounted

for by differences in capital intensity was attributed to

such factors as quality differences in horsepower, business

organization, labor and managerial effort, and statistical

errors in Heath's measurement technique. No attempt was

made by Heath to adjust productivity differences to

determine relative labor efficiencies.

Some years later, several economists, in a jointly

written article, advanced the CES (Constant Elasticity of

substitution) production function as an alternative to the
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Cobb-Douglas production function.6 Using nineteen

countries including the United States and Mexico, and

twenty-four industries within each country, the authors

tested the relationship of value added upon wage rates

with the regression equation:

(12) log % - log a +‘b log W + e

where V is value added in units of $1,000 per man year;

L is labor input in man years for units of $1,000 per value

added; W is the average wage rate in $1,000 units per man

year or total labor cost divided by the number of workers;

and "e" a random error term.

The coefficient of determination for the above

regression equation was very high showing that 85 per cent

of the variations in average labor productivity (¥5 could

be associated with variations in the average wage rate (W).

A "t" test revealed that for all twenty-four indus-

tries in the nineteen countries, the regression coefficient

(b) was significantly different from zero at the 90 per cent

level of confidence. In fourteen of twenty-four cases, the

 

6Kenneth Arrow, Hollis Chenery, Bagicha Minhas, and

Robert Solow, "Capital-Labor Substitution and Economic

Efficiency," Review‘gg Economics‘gng Statistics, Vol. 43

(May, 1961), pp. 225-47.
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"b" value was significantly different from unity at the

90 per cent confidence interval which led the authors to

reject the hypothesis that the regression coefficient (b)

could be called the elasticity of substitution between

capital and labor. If the "b" value was not significantly

different from unity at the specified confidence level,

this could have generalized the case for application of a

Cobb-Douglas production function for empirical tests con-

cerning output, labor, and capital.

Rejection of the hypothesis led Arrow, et al. to

develop an alternative to the Cobb-Douglas function. It

was called the CES (Constant Elasticity of Substitution)

production function which was written as:

I-f’ .;P __

(13) V: V[d|< +(\-d)L_ j‘P

where V was value added per man year; K.was capital; and L

was man years of labor time. The terms V , (5 , and-P were

constants standing for an efficiency parameter, a distri-

bution parameter, and a substitution parameter each to

each. The term —1— was the elasticity of substitution

1+6

which was also a constant.

The CES function possesses similar properties to the

Cdbb-Douglas production function such as (1) linear homoge-

neity of degree one; (2) positive marginal products subject
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to diminishing returns; (3) pure competition in factor

markets; and (4) constant elasticities of substitution.

With constant substitution elasticities both the CES and

Cobb-Douglas production functions have no uneconomic

regions. Graphically, uneconomic regions may be portrayed

as isoquants bending backward upon themselves or as stages

one and two in a three stage output curve. The CES and

Cobb-Douglas functions have no such regions.7 However, the

Cobb-Douglas and CES production functions differ in one

respect. While the Cobb-Douglas is constrained to a

constant elasticity of substitution of unity, the CES

function could have constant substitution elasticities

greater than zero and up to unity. In the limit, where the

elasticity of substitution is unity, the CES production

function reduces to the Cobb-Douglas form.8

Part of the article was devoted to testing the CES

production function parameters for efficiency variations due

exclusively to capital intensity variations, efficiency

variations attributable solely to changes in labor, and

variations in efficiency which affect both labor and

 

7C. E. Ferguson, Microeconomic Theory (Homewood,

Illinois: Irwin, 1966), pp. 146-48.

81bid., p. 150n.
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capital in equal proportions. The countries used were the

United States, Canada, the United Kingdom, Japan and India.

Industries employed for the tests were spinning and

weaving, basic chemicals, iron and steel, and metal

products. Capital estimates, obtained from balance sheets,

were defined as net fixed assets plus land plus cash plus

working capital. An estimate of the rate of return on

capital was also required and this was defined as gross

profit from operations less depreciation. The coefficient

of variation was calculated for each parameter. Con-

clusions Pointed to a constant distribution parameter (6)

meaning that any changes in productive efficiency (Y) would

affect capital and labor in amounts proportionate to the

value of the respective exponents for the capital and labor

9 The distributive shares would thus remaininputs.

constant and increases in output would be shared in the

ratio of the respective exponents. The Cobb-Douglas

production function thus has the property of neutral

efficiency variations between capital and labor inputs. In

brief, technical change is neutral in the CES (as well as

the Cobb-Douglas) function meaning that the output

elasticities and the distributive shares of capital and

 

9Arrow, et al., 22. cit., pp. 235-36.
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labor in the national income are unaltered as technological

change occurs.

The CES production function was then used to calcu-

late relative productive efficiencies for sample manu-

facturing industries of Japan to United States industries.

The first step was to estimate distribution parameters and

the elasticity of substitution for each industry with the

latter defined as:

(K/L)u wu/ru

where K/L is the capital-labor ratio or capital intensity;

"w" is the real wage rate; "r" is the real rate of return

to capital;(7'is an exponent power of the elasticity of

substitution; and the subscripts "j" and "u" represent

Japan and the United States respectively. The weighted

median elasticity of substitution was found to be 0.93

whereas a previous analysis in the same article showed it

to be 0.87. The higher former value for the elasticity of

substitution (0.93) was attributed to the omission of

working capital from the capital intensity index. The

authors stated that the elasticity of substitution between

working capital and labor is much less than unity and since

manufacturing industries were believed to possess large

amounts of working capital relative to fixed capital, the
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elasticity of substitution would be significantly less than

unity for those industries. The inclusion of working capi-

tal in the current calculations thus accounted for the

lower value of 0.87 compared to 0.93.10

Variations in the efficiency parameter (Y) and the

real wage rate were studied to establish relative pro-

ductive efficiencies of selected manufacturing industries

in Japan compared with similar industries in the United

States. The authors also looked for a positive correlation

between the efficiency parameter (V) and the capital-labor

ratio.

Having estimated the distribution parameters (6) and

the elasticities of substitution 1:175 for the various

\/
industries, the authors determined iso-product curves (17)

from commodity prices to generalize their concept of rela-

tive productive efficiency by using Figure 1.11

 

1
oIbid., pp. 236-39.

llIbid.
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If point A with labor input 0L1 were selected as a

starting point, the labor input at point B or 0L2 could be

determined by:
.L

L‘[dXJ‘P+ (l—d)] ”:-

_.——_- L2[<S X3P+ (lrdq _ ‘P

where x is capital intensity. Point B on the isoquant

(15) ll

<
Q
<
f

shows factor combinations necessary to generate a unit of

output with factor proportions in Japanese industries at

industrial levels of efficiency in the United States.

Point C shows the actual combination of resource inputs used

in Japanese industries for the output at point B. Briefly,

the efficiency ratio used by the authors was shown by the

ray DC in Figure 1. Therefore, conclusions were that in

primary production the efficiency ratio was lower in all

cases with a range of 0.13-0.56. In Japanese manufacturing

industries except petroleum products, the efficiency ratio

was relatively lower when compared with the same United

States industries. The authors attributed the efficiency

differences to a number of factors which were (1) relative

shortages of natural resources which would hamper primary

production; (2) tariffs and transport costs protecting

inefficient Japanese industries producing for the domestic

market; and (3) differences in capital intensity and size
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of plants.12

General conclusions were that the elasticity of

substitution for manufacturing industries may be less than

unity but such evidence in the case of primary production

was not nearly as strong. Especially pertinent to this

paper was the conclusion that relative efficiency differ-

ences of Japanese industries to United States industries

were less in industries of intensive capital than labor

intensive industries indicating that the Hirschman

hypothesis may be operative.13

The CES production function analysis of inter-

national relative productive efficiency improves consider-

ably upon the investigations undertaken by Alejandro and

Bacha. Alejandro had no method for isolating efficiency

differences. Bacha attempted such an isolation but failed

in that he used the same adjustment to obtain productivity

differences due to capital intensity and to correct for

differences in capital intensity. Thus, Bacha's definition

of productive efficiency could not be accepted. The

authors of the CES function proceed further because they

set forth a sound definition of relative productive

 

12Ibid.. pp. 241-46.

13Ibid., pp. 246-47.

 



 

t1

re

e1

du

“0

di

th

the

reg

Car

den

tri

s1z

Eno.



33

efficiency given their estimation of the production

function parameters. It is questionable however, whether

the CES production function has any great advantage over

the Cobb-Douglas function when both are applied to the

same empirical data. In fact, the limiting case of the CES

production function is the Cobb-Douglas form since the

elasticity of substitution in both cases is unity.

 
9

Both functions have identical properties of i#

(l) homogeneity of degree one or constant returns to scale;

(2) diminishing marginal product but with no uneconomic

regions of production; (3) constant substitution

elasticities; and (4) a neutral impact of changes in pro-

ductive efficiency upon capital and labor inputs which

would leave the capital and labor exponents and hence the

distributive shares unchanged.

Empirical evidence advanced by Arrow, et a1. showing

that the elasticity of substitution was substantially less

than unity is not corroborated by the present writer. The

regression coefficient (b) exhibited a value of signifi-

cantly less than unity at the 90 per cent level of confi-

dence in only fourteen of twenty-four manufacturing indus-

tries or 58.3 per cent of the cases. Given the sample

size, it is felt that this evidence is not conclusive

enough to say that the elasticity of substitution is less
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than one for manufacturing industries in general.

‘Moreover, the inclusion of working capital by the

authors in the index of capital would distort the true

elasticity of substitution between capital and labor. The

authors stated that the elasticity of substitution between

working capital and labor was much less than unity and con-

cluded from this that since manufacturing industries had

large amounts of working capital, the elasticity of substi-

tution would typically be less than one for those indus-

tries. Of course, the conclusion could easily be reached

that the elasticity of substitution between working capital

and labor would be less than unity or perhaps even zero.

Working capital is defined as the excess of current assets

over current liabilities. Current assets include cash,

receivables, prepaid expenses, and inventories which may be

categorized as raw materials, work in process, and finished

goods. It is hardly legitimate to believe any substi-

tutability exists between the excess of the previously

mentioned assets above current liabilities. To Obtain a

more accurate value for the elasticity of substitution only

fixed assets such as machinery, equipment, and assemblies

should be employed. An increase in inventories in no way

reflects a decrease in labor. A rise in raw materials,

goods in process or finished goods might very well
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necessitate a rise in labor inputs. Inventories, in

addition, cannot be considered an input but the result of

inputs of labor and/or fixed capital. In short, this

writer agrees with Arrow, et al. that the elasticity of

substitution between working capital and labor is much

lower than unity or even close to zero but the current

writer does not agree that working capital is an input

which is substitutable for labor. When the originators of

the CES production function omitted working capital in

their definition of the capital input during a section of

their investigation, the elasticity of substitution between

capital and labor took on a higher value (0.93) than when

working capital was included as part of the capital index

(0.87).

The CES function was used in a subsequent study to

compare relative labor productivities for eleven manu-

facturing industries between the United States and Peru.14

Labor productivities were given and then the CES function

was applied to the empirical data to determine what labor

productivity in Peru would be with the United States

capital-labor ratio for the selected manufacturing

 

1['C. Clague, "An International Comparison of

Industrial Efficiency: Peru and the United States," Review

2f,Economics,ggg_§tatistics, Vol. 49 (November, 1967),

PP. 487-93.
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industries. Labor efficiency was defined along the lines

of the CES study and capital inputs were defined as the

interest rate plus depreciation charges. The annual input

cost per $100 worth of capital was calculated as:

(16) p - i$100 + d

where "i" is the rate of interest and "d" is the amount set

aside from the earning stream of the asset to get back $100

at the end of the asset's life. The "d" value was calcu-

lated as:

(17) d _.__ $199...

:1 (I+i)""T

where "n" is the life of the asset. Calculation of rela-

tive efficiency was then calculated on the basis of the

average interest rate between the two countries. The aver-

age rate of interest was assumed to be 12.4 per cent and it

was further assumed that the opportunity cost of internal

financing was correctly represented by the interest rate.

The assumption of opportunity cost enabled the interest rate

to properly reflect the marginal productivity of capital.

Capital figures for Peru were converted to United States

prices by dividing the Peruvian figures by an index of one

hundred fifty. Since the value of buildings was not

available for Peru, it was assumed that the United States

share of buildings in total fixed capital also applied to
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Peru. The relative price of all fixed assets in Peru was

then computed by the formula, x(1.0) + (l-x)(l.5). After

estimating capital requirements and calculating relative

efficiencies, the author found a high positive Spearman

rank correlation coefficient (+0.71) between relative

efficiency and the United States level of capital

intensity, and that relative efficiencies for the eleven

Peruvian industries were lower than United States levels.

However, given the nature of the empirical data and the

author's method of estimating capital, this writer feels

that Clague's results were inconclusive.

Another article, by Edward J. Mitchell, examined the

relationship of average man hour output and the wage rate

for eleven developed countries and a total of seventeen

developed and underdeveloped countries.15 The developed

countries were Australia, Canada, New Zealand, Norway,

South Africa, Sweden, the United Kingdom, the United States,

Denmark, Puerto Rico, and Finland selected for the year

1958. The underdeveloped countries, chosen for 1958, were

designated as Greece, Japan, Peru, the Philippines, Turkey,

and the United Arab Republic. The following regression

 

15Edward J. Mitchell, An Econometric Study_of Inter-

national and Interindustrial Differences in Labor Produc-

tivity (Santa'Monica, California: Rand Corporation,

December, 1966), 97 pp.
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line was employed in the analysis:

(18) log % ‘ log a + b log w + e

where %.is average output per head of labor; "w" is the

"e" a residual error term.wage rate; and

Like the authors of the CES production function,

Mitchell used his regression equation to determine whether

the "b" coefficient was significantly different from unity

and the constancy of the wage share. The developed

countries supported the hypothesis that the "b" coefficient

was not different from unity at the 5 per cent level of

significance. Therefore, the elasticity of substitution for

the developed countries assumed a value of unity. For the

developed and underdeveloped countries combined, the

hypothesis was rejected at the 5 per cent significance

level. Overall conclusions however, were that the wage

share of national income was approximately constant over a

span of time which indicated a constant unitary substi-

tution elasticity between capital and labor.

‘Mitchell also proposed a method for isolating differ-

ences in value added because of labor efficiency differences.

Variations in labor efficiency among countries were

attributed mainly to differences in the quality of labor

with average wage differentials accounting for variations
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in labor quality. Mitchell then put forth a basic form of

the Cobb-Douglas production function:

R 1"°‘
(19) r ”CXA '1':

where "r" is the rate of return to capital or the marginal

product of capital which is assumed to be equal among

countries;cy'is the elasticity of substitution; and E is

the capital-labor ratio or level of capital intensity.

Mitchell stated that a l per cent change in the

efficiency parameter (A) would cause a 1-0tchange in value

added. Changes in technology and efficiency (the greater

the quality of labor, the greater would be the marginal

product of capital for any given capital-labor ratio) were

presumed to be reflected in l-ot. Changes in o< were

attributed to changes in capital intensity levels. His

method for isolating productive efficiency differences did

not require the collection of capital data due to his

assumption of equalization of capital rates of return made

possible by the mobility and homogeneity of international

capital movements. Productive efficiency differences then

were exclusively reflected in the quality of labor which

was assumed to have very low international mobility.

‘Mitchell did not calculate relative productive

efficiencies for the industries in the different countries.
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He merely set forth a method for doing so. However,

Mitchell's analysis gives support to the notion that

substitution elasticities between capital and labor are

approximately unity among several countries and industries.

On that score one point should be mentioned. Puerto Rico

was used in his analysis and since Puerto Rico is used in

this present analysis as an underdeveloped country, the

case for usage of a Cobb-Douglas production function is

strengthened.

A study by Fuchs in 1963 showed that the data used

by the authors of the CES function do not support or neces-

sarily imply that the elasticity of substitution is less

than unity. Fuchs proposed that when two different groups

of countries are compared, each group could have an

elasticity of unity, but different intercepts for the

regression lines. When the lines are combined, the

regression coefficient (the elasticity of substitution) may

be subject to a downward bias. This proposition is demon-

strated in Figure 2.16

 

16Victor R. Fuchs, "Capital-Labor Substitution: A

Note," Review of Economics and Statistics, Vol. 45

(November, 1963), pp. 436-38.
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The "b" terms are the regression coefficients and the

subscripts denote the respective country groupings. The

line with numeral III indicates a summation of the

regression coefficients. The relationship shown on Figure 2

is between value added per unit of labor (.E) and the wage

rate (W) and is represented by the regression equation,

log'% = log a +-b log WA+ E.

Fuchs tested the CES production function for this

downward bias using the same industries, years, countries,

and regression equation as Arrow, et al. The countries

were divided into developed and underdeveloped categories.

The authors of the CES function made no such categorization.

Fuchs concluded that the regression coefficient (b) for

both groups of countries was not significantly different

from unity indicating the elasticity of substitution to be

constant and unity. Fuchs also used a shift coefficient to

measure differences in the elasticity of substitution

between capital and labor resulting from different payroll

data and different wage accounting systems in various

countries. Again, the conclusions were that the elasticity

of substitution was constant and unity.
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C. E. Ferguson tested the elasticity of substitution

for 129 samples Obtained from 61 industry groupings.17 The

industries were selected from the four digit classification

of the United States Census 9f Manufactures. The census

years were 1947, 1954, and 1958 and the ensuing regression

line was employed:

(20) log v = log a + b log w + u

where "v", "w", and "u" respectively represented value

added per worker, the wage rate and a random error term.

The regression coefficient (b) was found not to be

significantly different from unity in more than one half of

the 129 samples. For 13 per cent of the samples, the "b"

value was between zero and one and in 16 per cent of the

cases the "b" value was greater than one. The latter value

would indicate some presence of increasing returns to

scale. Ferguson further concluded that the elasticity of

substitution has changed randomly over time shifting from

values between zero to unity and greater than unity for

many industries.

The previous critique of the CES production function

was not intended to substantiate the correctness of the

 

17C. E. Ferguson, "Cross Section Production

Functions and the Elasticity of Substitution in American

Manufacturing Industry," Review.gf Economics gngw§gg-

tistics, Vol. 45 (August, 1963), pp. 305-13.
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Cobb-Douglas procedure for empirical testing. Rather, the

critical evaluation was designed to show that the CES

production function is not a strong or reliable repudiation

of the Cobb-Douglas technique if empirical observations of

elasticity of substitution coefficients are the basis for

negation. The basic form of the Cobb-Douglas production

function is used in the current study. Since much of the

criticism of the function hinges on its constant elasticity

of substitution of unity, empirical justification for the

capital and labor exponent values used was a necessary

undertaking.

All the studies reviewed make essentially the same

assumption as this analysis; namely, the application of a

single regression equation for all industries within a

country and for the countries whose industries are compared.

In brief, a single regression equation is used by all the

studies cited here. ‘Many of the studies reviewed here

established the crucial relationship as between value added

or value of output per unit of labor and the wage rate and

then tested for the value of the elasticity of substitution

coefficient. The authors of the CES article also put forth

an alternative production function to the Cobb-Douglas form

for empirical testing and tested relative efficiency

differences between the United States and Japan. In
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addition, Mitchell offered a procedure to isolate relative

efficiency differences by varying an efficiency parameter

(A) and judging the change in l-a. The causal relationship

in Mitchell's paper is different from this analysis. Heath

compared relative labor productivities between Canada and

Great Britain.but did not offer a method to judge an

efficiency difference. Clague used the CES function to

test for efficiency differences but was not clear on his

procedure or methodology. Bacha also offered a method to

correct for efficiency differences but was shown to be

incorrect. In any event, the studies which were mentioned

in this chapter were to establish the validity of the Cobb-

Douglas procedure and to show that useful conclusions can

be drawn with the application of a single production

function among industries and countries.

Thus far, comments regarding the shortcomings of

applying production functions to empirical data were con-

fined mainly to the mathematical properties and the under-

lying assumptions regarding the resource and product

markets of these functions. There may however, be more

fundamental criticisms than those discussed earlier. The

most vital part of any production function is the possi-

bility of technical factor substitution set forth by the

function. A high or low regression coefficient or a high
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coefficient of determination is not an adequate description

of a production theory. Nor does a good fit of a Cobb-

Douglas function to empirical data reflect the true possi-

bilities of capital-labor substitution. Empirical data are

not able to reflect technical factor substitution and hence

a production function. For aggregation purposes dollar

values must be used for physical inputs and outputs. Even

if physical quantities are available their heterogeneous

nature would prevent any meaningful aggregation. Labor

inputs could be represented by man hours of labor but this

measure does not reflect intensity of effort. High capital-

1abor ratios may contain a high degree of unused capital

and excess capital capacity is not shown on balance sheets.

Balance sheets in turn, show fixed assets at historical

costs and not market values. Market values for capital

assets would indicate a more accurate output indicator for

capital and therefore a truer rate of return to fixed

assets.18 All the above problems are compounded when

different accounting systems come into play with inter-

national productivity comparisons.

 

18Ibid., pp. 311-12.
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Solow had made further comments regarding empirical

production functions:

Production functions are best suited to the realm

of general equilibrium analysis and micro theory. How-

ever, some amount of aggregation is necessary to make

them useful (for empirical testing and predictive

purposes). At this point two tacks are possible. One

is to try to preserve the rigor of the theory by making

special assumptions and defining special aggregates so

that the underlying microeconomic relationships entail

the existence of corresponding macroeconomic relation-

ships. The other is to give up (some) rigor in favor

of empirical practicality, to use conventionally

defined aggregates and index numbers, and to construct

macroeconomic relationships more or less by analogy

with microeconomics. But it seems to me to be a mis-

take to ask deep philosophical questions of such loose

concepts. Index numbers will not behave like the

physical commodities they are supposed to mimic. They

are not trying to do so; they are empirical compromises.

They fged scrutiny, of course, but of an appropriate

kind.

This analysis is constructed along the lines of the

second approach outlined by Solow. Given the hypothesis

and purposes of this paper empirical compromises can still

yield useful predictions. Market values are indeed better

indicators of capital or fixed asset values than historical

costs. But the only way true and accurate market values

could be determined is through liquidation of plant assets.

Then the industry is no longer a going concern and

 

19Robert M. Solow, "Comment: Concepts and'Measures

of Changes in Productivity," Review 2; Economics and

Statistics, Vol. 41 (August, 1959), pp. 282-85.



a
d

—
—
—
-
—
.
.
4
«
m
u
—
—

producti‘

moreover

heteroger

specific

empirical

Douglas,

refute it

 for the U

Upholds t

elasticit:

unity .



48

productivity comparisons are meaningless. Dollar values

moreover, provide a useful mechanism for the aggregation of

heterogeneous types of capital equipment. As far as the

specific form of the production function applied to the

empirical data in the body of this work, namely, the Cobb-

Douglas, no mandatory alternative has been offered to

refute its practicability for empirical testing. Evidence

for the United States as well as on an international scale

upholds the constancy of the wage share and a constant

elasticity of substitution between capital and labor of

unity.

III. SUMMARY

The purposes of Chapter I were to (1) set forth the

working hypothesis; (2) frame the analytical apparatus;

and (3) establish the methodological viability of the ana-

lytical framework. The hypothesis was stated and the

methodological approach for testing this hypothesis was put

forth as fitting regression equations and Cobb-Douglas

production functions to empirical data on capital, output,

and labor for a cross section of selected manufacturing

industries among selected countries. The chosen countries

were Mexico, Puerto Rico, and the united States with the

United States designated as the comparative standard. The
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relative labor outputs of Mexico and Puerto Rico at rela-

tive levels of capital intensity would be compared and

measured by the regression and Cobb-Douglas functions and

changes in value of output per labor unit to changes in

capital intensity levels would be calculated. Relative

labor efficiencies also would be determined. In connection

with methodology, some previous studies of international

labor productivity comparisons were cited and their pro-

cedural mistakes examined. Since the present analysis

assumes that all industries in all countries operate with

Cobb-Douglas production functions, justification for its

application toward empirical data was made. This was done

by examining studies which made use of empirical production

functions of the Cobb-Douglas type. At best, some studies

concluded that the elasticity of factor substitution was

constant and unity. At worst, it was concluded that

nothing could be said about elasticity of factor substi-

tution values between capital and labor. The findings of

the authors of the CES production function.were also con-

sidered inconclusive. In the absence of any mandatory or

compelling alternatives to the Cobb-Douglas approach and

the use of money values as indexes of capital-labor substi-

tution, the current methodological tack can be justified

within the light of previous studies of this type. The
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belief of this writer is that useful conclusions are not

precluded by such procedures.

Chapter II discusses the regression equation, Cobb-

Douglas function, and other analytical procedures in great

detail. Sources and handling of the empirical data, combi-

nation of years, and the choice of industries are also

explained. The notion of economic efficiency is then dis-

cussed. An Appendix of the calculations is presented at

the end of the thesis.
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CHAPTER II

METHODOLOGY

I. THE EQUATIONS

Preliminary tests of the hypothesis employ a multi-

ple linear regression function in arithmetic and logarithmic

form. The second method assumes that all industries in all

countries operate with Cobb-Douglas production functions

and uses these functions to obtain a labor efficiency ratio

for each industry in Mexico and Puerto Rico.

The Rggression Function

The initial calculations show relationships between

relative labor productivities under appropriate levels of

capital intensity (United States - 100). The regression

function is also used for testing the Hirschman hypothesis.

The dependent variable in the regression equation is the

relative output between Mexico or Puerto Rico to the United

States. The predictor or independent variables are the

relative levels of capital intensity and average levels of

capital intensity between the compared countries. The

symbols used in the regression function are defined as

follows: V is aggregate output; L is the amount of labor;

K is the quantity of capital; and "m", "p" and "u" are

51
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subscripts representing Mexico, Puerto Rico, and the United

States respectively.

If Mexico and the United States are compared, the

regression equation in arithmetic terms is:

(21) VméLm B anm (fig .153)

Vu Lu a+b2 Ku/Lu+b3 Im+Lu

2

vm Lm . KmZLm)
where'vaéia is the relative labor productivi;:y,(Ku/Lu is

the relative capital-labor ratio; and (%E’+‘EE) is the

2

average level of capital intensity between Mexican and

United States industries.1 To make comparisons for the

"m" alongUnited States and Puerto Rico, "p" would replace

with the Puerto Rican output, labor, and capital figures.

If Y stands for the relative labor productivity, X2 for the

relative level of capital intensity, and X3 for the average

level of capital intensity, the regression equation can be

written as:

(22) Y - a + b2 X2 + b3 X3

and the logarithmic form of equation (22) above is:

(23) 1og Y - a +b2 log X2 +‘b3 log X3.

The equations (22) and (23) are the maximum likeli-

hood estimators for the data essentially meaning that the

sum of the squared deviations around the regression plane

 

1Hardin and Strassmann,.gp. cit., pp. 51-62.



 

will be

both the

are used

in terms

ficients

changes

intensit

Sign for

Rican im

tiVity 1.

0f the ca

a relati‘

hiSher th

PTOduct b

1ndUStry.l

the relat

per cent

erided

ficient b

capital 1

is held Co

 



53

will be minimum no matter which equation is used. However,

both the arithmetic and logarithmic forms of the function

are used to determine which equation best describes the data

in terms of higher correlation and determination coef-

ficients. The regression coefficients (b2 and b3) show how

changes in relative and absolute levels of capital

intensity affect relative labor productivity. A positive

sign for the b coefficient means that Mexican and Puerto
2

Rican industries approximate United States labor produc-

tivity levels in those industries where the relative value

of the capital-labor ratio is high. An industry which has

a relative capital-labor ratio one unit or 1 per cent

higher than another industry also has a relative value of

product b2 units or b2 per cent higher than the latter

industry. Similarly, a one unit or 1 per cent change in

the relative capital-labor ratio leads to a b2 unit or b2

per cent change in the relative output per unit of labor

provided that the b coefficient is held constant. Coef-

3

ficient b3 reveals how changes in the average level of

capital intensity affect relative labor productivity if b2

is held constant.
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Cobb-Douglas Procedure

Labor productivity differences do not reveal labor

efficiency differences if there has been no adjustment for

differences in capital intensity between the industries

under investigation. The method used in this analysis

makes such an adjustment assuming that Cobb-Douglas pro-

duction functions are applicable for all the selected

industries in Mexico, Puerto Rico, and the United States.

The Cobb-Douglas production functions are written down for

the United States, Mexico, and Puerto Rico respectively as:

(24) Vu - CuKugLuh

(25) Vm - CmeijR

(26) Vp - CpkgL;

where V is output volume; C is a proportional constant; K

is the amount of capital; L is the amount of labor; "g" and

"h" are the capital and labor input exponents in the United

States; "j" and "k" are the capital and labor input

exponents in Mexico; and "r" an "s" are the capital and

labor input exponents in Puerto Rico.

If equation (24) is divided on both sides the aver-

age productivity of labor is obtained as:

(27) its _ C (52)3
Lu “ Lu -

If Mexico is the country being compared to the United
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States, equation (25) is divided on both sides by Lm and

there results:

(28) £2 - Cm (%)j.

Then a ratio of the average labor productivities of beico

to the United States is taken as:

(29) Vm Lm 92 (KmZLm)j

Vu/Lu Cu (Kn/Lu)g

VmLm.. 2a..
where Vu/Lu P, and Cu 2.

A labor efficiency ratio (E) can now be stated as:

(30) E = z (I(u/Lu)‘j.g

provided that equation (29) is solved for "2".2

Equation (30) shows what Mexican labor productivity would

be in a given Mexican industry if that industry had the

same capital-labor ratio as the equivalent United States

industry assuming values for the "g" and "j" exponents. A

labor efficiency ratio (E) can also be calculated by

solving equation (29) for "z" and by substituting that

value into equation (30) resulting in:

(31) s - p (my.
Km/Lm

As long as the exponent summations for both

countries are constrained to unity and constant returns to

 

2Ibid., pp. 55-58, and Strassmann, 22. cit.,

pp. 78-81.
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scale are assumed, equation (31) can be used to show labor

productivity in a Mexican industry which operates with the

United States capital intensity level for that same indus-

try. Equation (31) is superior to equation (30) in that

equation (31) requires an assumption about the capital

input exponent of the Mexican industry alone.3 In brief,

the inverse of the observed relative capital-labor ratio

between Mexico and the United States is raised by an

exponent power of the capital intensity level for a given

Mexican industry. The resulting figure is then multiplied

over the relative labor productivity for the selected

industry. A labor efficiency ratio (E) is thus obtained.

The procedure dictated by equation (31) is used in this

analysis under the assumption of constant returns to scale.

Of course, if Puerto Rico is taken into account rather than

Mexico, the same analysis is followed with equation (26)

substituting for equation (25).

The results of the calculations from equation (31)

are shown in the Appendix under varying values for the

capital elasticity of substitution coefficient. The

elasticity values assumed here are the two extreme values

0.9 and 0.1 with intermediate values of 0.7, 0.4, and 0.3.

 

3 id.
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After calculating the labor efficiency ratios, the

weighted mean values of the labor productivity and

efficiency ratios are calculated with the mean statistic:

(32)

“1X1[
f
]
:

L
a
l
-

I
H

 

p
d

I

W[
V
]
:

i

(
.
1
-

H

where "w" is a weight representing capital (K) or labor

(L); and i is mean labor productivity (P) or mean labor

efficiency (E).

The Assumption‘gf Increasing Returns.£g Scalg

If increasing returns are assumed, equation (31) is

unsatisfactory for computing a labor efficiency ratio

because only the capital input exponent is known. Both

capital and labor exponents must be included to incorporate

the effect of increasing returns into the analysis. How-

ever, by writing an unrestricted Cobb-Douglas production

function, that is, by allowing the exponent powers to sum

to greater than unity and by rewriting equations (27) and

(28), the analysis can incorporate the influence of

increasing returns to scale. Equation (27) now becomes:

(33) '2? - Cu(Kug).

Lu
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Equation (28) is also rewritten as:

(34) Vm a Cm( j)

I}? K” °
m

Taking a ratio of equations (33) and (34) there obtains:

(35) Vm/Lmk Kg
- z —- O

Vu/LB

 

R
u

Equation (35) is solved for "z" and its value substituted

into equation (36) to Obtain a labor efficiency ratio which

is:

(36) E = z (Ku/Lu)j-g.

Equation (36) is the same as equation (30) and is appropri-

ate for calculating a labor efficiency ratio under

increasing returns. Since an assumption must be made about

the value of all the exponents for both the United States

and Mexico, the problem is now to pick plausible values for

those exponents. A study made by welters has revealed some

insights into the problem of choice of exponents under

increasing returns.“ Welters criticized Solow's assumption

of constant returns to scale in the aggregate production

 

4A. A.'Wa1ters, "A Note on Economies of Scale,"

Review‘g§_Economics‘ggg Statistics, Vol. 45 (November,

1963), pp. 425-27.
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5 and then proceeded to fit a Cobb-Douglas functionfunction

with an exponential trend to Solow's data to calculate

elasticity of substitution values. In three separate

tests, Walters found that the sum of the elasticity of

substitution coefficients was 1.353, 1.265, and 1.375. The

capital input exponents in each case were 0.125, 0.187, and

0.151 and in all of the tests Walters found that the

elasticity of substitution coefficients were greater than

unity. He concluded that 27 to 35 per cent of the increase

in aggregate output over the years studied by Solow was due

to economies of scale.

A previous article by welters made a comprehensive

survey of the literature concerning production functions.6

Among the topics discussed were estimation and identity

prdblems and the value of the exponents in the Cobb-Douglas

production function. The author found some evidence that

the elasticity of substitution was not unity but the more

general case was that the elasticity of substitution was

approximately unity for industries in various countries as

well as the United States. welters concluded however, that

 

SRobert‘M. Solow, "Technical Change and the Aggre-

gate Production Function," Rexiew,g§ Economics and Sta-

tistics, Vol. 39 (August, 1957), pp. 317-20.

6A. A. Walters. "Production and 3°“ Functim‘s’"
Econometrica, Vol. 31 (January-April, 1963), pp. 1-66.
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nothing conclusive could be said about economies of scale.

He said those industries which concluded that the

elasticity of substitution was approximately unity used

inputs as a measure of the variation in plant size. Hence,

the result was a proportionate change in value added,

which, in turn, led to a constant elasticity of substi-

tution between capital and labor.

This current study incorporates Walter's findings

concerning Solow's data and uses a value of 1.3 as the

summation of the exponent powers indicating increasing

returns. This is approximately the average for all three

of the tests conducted by welters. Ten industries are

selected for the United States and Mexico and five indus-

' tries are chosen for the United States and Puerto Rico.

Three cases are subsequently examined.

(1) The compared countries both operate under

increasing returns with the same exponents.

(2) Mexico and Puerto Rico operate under increasing

returns with the united States under constant

returns and the capital input exponent for

Mexico or Puerto Rico is greater than the

capital input exponent for the United States.

(3) The United States works under increasing

returns with Mexico and Puerto Rico exhibiting
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constant returns. The capital input exponent

for the United States is greater than the

corresponding capital input exponent for

Mexico or Puerto Rico.

II. THE DATA

The following section defines the sources and

treatment of the data to which the equations are applied.

Definitions of output, capital, and labor are also dis-

cussed.

Sources 9_f 293;;

For the United States, output and employment figures

were obtained from the gggggg‘gijanufacturgs for 1958 and

1963. Capital figures were provided by the Angus; Sgrggy

of Manufactures for 1964. The Puerto Rican Census 2;;

‘Manufagtures for 1958 and 1963 yielded data on output,

labor, and capital. Mexican figures on output, labor, and

capital were derived from the Industrial 929229. 2; gig-1:339

for 1956, 1961, and 1966.

Selection,g§ Ygars

The combinations of years selected for comparison

are apparent from the tables showing the calculations. The

choice of years was dictated by availability of good census
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information concerning the data. Comparisons were made on

the basis of proximity of years for both countries. When-

ever averages of years were compared it was not the aver-

ages of the capital-labor or value of product per unit of

labor ratios but the averages of the raw data subsequently

converted to the proper ratios.

Selection 9f Industries

Industries were chosen on the basis of product homo-

geneity and availability of statistics. The criterion of

product homogeneity is considered especially important

since, without that criterion, comparisons would be

meaningless. Of course, availability of statistics is

always the final factor in the selection of any industry.

For instance, many industries in Puerto Rico could not be

chosen because of a lack of capital data or information

with which a reasonable capital estimate could be made.

The Puerto Rican census only reveals capital data for

industries with ten or more employees. Also, much capital

reporting is not given in order that individual company

totals are not disclosed.

In most cases the four digit industrial classi-

fication.was used because Mexico had only four digit

classifications except for power companies and petroleum
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and to avoid double counting in the output value for the

United States and Puerto Rico. Some three digit classi-

fications were used and some four digit classifications

were added for any country when it was necessary to obtain

output comparability.

The Data
 

Most of the data was directly obtainable from the

various censuses but some capital estimates were necessary.

All output and capital figures are shown in dollar values

by converting Mexican pesos at the appropriate rate of

exchange.

.922222. This figure was directly obtained from all

censuses and is defined here as the dollar value of net

sales. This definition is consistent for all countries.

Value added of output may have been a better measure to use

but the Mexican census provided no figures for value added.

In the case of the United States and Puerto Rico, "value of

shipments" is synonomous with the definition of output

used here and there is some possibility of double counting

when value of shipments is used rather than value added.

The Qgggg§,g§ Manufactures does reveal however, that double

counting is negligible when the four digit classification

is used. No mention of double counting was made in the
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Mexican census but it can be assumed that double counting

is negligible for Mexico in the value of output figures

since four digit classifications were used there also. The

important consideration however, is not so much that value

added or value of product be used but that the definitions

be consistent among countries.

Capital. The gross book value of fixed assets

defines capital. Fixed assets are plant and equipment,

machinery, tools, and buildings. ‘Working capital, for

reasons discussed in Chapter I, was excluded from the defi-

nition of capital. The Mexican censuses for 1956 and 1961

did provide total fixed capital figures but the 1966 census

only provided total capital (fixed plus working capital).

Total fixed capital was estimated during 1966 by taking the

proportion of fixed to total capital during 1961 for each

Mexican industry and assuming this rate was applicable to

the same industry during 1966. By multiplying the

appropriate rate over total capital for each industry,

total fixed capital was derived industry by industry.

The Annual _S_u3_v_e1 of Manufactures of the United

States for 1964 provided total fixed asset figures as well

as the rental value of fixed capital equipment and

machinery for 1964, 1963, 1962, and 1957. Thus 1963
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capital figures were directly obtained for the United

States industries. The fixed capital figures for 1954 and

1958 were estimated by obtaining an index of capital growth

of each year to each succeeding year.7 An average index of

fixed capital growth was obtained over the seven year

period, 1957-64, for each industry. The average index was

divided into the 1963 fixed capital figure plus rentals and

into each consequently lower figure until the required

capital figures were reached in each industry for 1958 and

1954. If the 1958 figure was lower than the 1957 fixed

capital book value, the 1957 book value was adjusted upward

by the index of growth for that industry. A check was then

made to determine the accuracy of the estimates. Since all

industries for 1958 showed higher fixed capital figures

than 1957, net investment should have occurred for 1958.

8 andIn fact, total net investment for 1958 was $18 billion

thus the accuracy of the estimates is corroborated in the

total sense.

For Puerto Rico, only net investment and expenditures

 

71f the years represent the figures, the indexes were

computed as 1964 x 100, 1963 x 100, and 1962 x 100.

1963 1962 1957

8Board of Governors, "Financial and Business Sta-

tistics, 0.3.," Federal Reserve Bulletin, Vol. 50 (January,

1964), PP. 104-5.
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on consumed plant and equipment were provided. To estimate

total fixed capital for Puerto Rican industries, the ratio

of expenditures of used plant and equipment to total fixed

capital was calculated for comparable industries in the

united States. This rate was then divided into the expendi-

tures on used plant and equipment for the same Puerto Rican.

industry. Net investment was added to that figure to

obtain total fixed capital for each industry in Puerto Rico

during 1958 and 1963. This procedure assumed that each

Puerto Rican industry was replacing fixed assets at the same

rate as the comparable United States industry.

To the extent that rental values do not reflect the

true book value of assets which are rented, the capital

data for the United States may be underestimated. Since

rental values are not known for Puerto Rico and Mexico,

capital figures for those industries may also be under-

estimated.

Lgbgg. Employment figures were defined as pro-

duction and non-production workers and, for the Mexican

case, any worker who was not permanently attached to the

industry but who may have contributed to production during

the year. These figures were directly obtained from all

of the censuses. The justification for including all



67

workers rather than just production workers is that any

workers may contribute to production whether directly or

indirectly involved in the manufacturing process. The

Hirschman hypothesis also lends justification to including

workers directly or indirectly involved in production.

III. SUMMARY

This chapter described the regression equation used

in the analysis and the Cobb-Douglas procedure used to test

the hypothesis. The Cobb-Douglas production function was

also applied to selected industries assuming the sum of the

exponents showed increasing returns to scale. The empirical

data was also analyzed in terms of its sources and years,

definitions, and estimation methods.

Chapter III presents a summary and detailed dis-

cussion concerning the initially introduced hypothesis and

the calculations which support that hypothesis. The first

part of the chapter presents overall results and con-

clusions for purposes of brevity and clarity. There follows

a detailed explanation for completeness and conciseness.



CHAPTER III

INTERPRETATION OF THE CALCULATIONS

I. GENERAL RESULTS AND CONCLUSIONS

L922; Efficiency Summary Statistics

The arithmetic mean values of the labor efficiency

ratios are presented for Mexico and Puerto Rico on the

following pages. Table 1 summarizes the results for Mexico

and Table 2 gives the summary results for Puerto Rico.

Column (3) shows the employment weighted arithmetic means

of the labor efficiency ratios while column (4) contains

the unweighted labor efficiency means of the Cobb-Douglas

"a"

results. Column (5), or antilog , shows the labor

efficiency ratios when the exponent values for capital and

labor inputs are the same for the compared countries.

Column (5) was computed using the simple logarithmic linear

regression:

(37) log Y - a + b log X
2 2

where Y’-‘%E§%E, or relative output value for Mexico; and

x-£n:.[_12

2 Ku/Lu’

The subscript "p" replaces

or the relative capital labor ratio for Mexico.

"m" when Puerto Rico is compared

to the United States. The antilog of the constant term "a"

is the ratio of the two constant terms in the two

68
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Cobb-Douglas production functions one representing Mexico

or Puerto Rico and one representing the United States in

equation (37). Then antilog "a" shows overall labor

efficiency for either Mexico or Puerto Rico when the capi-

tal and labor input exponents are the same as the United

States.1

Summary Results for, Mexico

Table 1 reveals that Mexican labor efficiencies for

all years and columns are lower than United States levels

except for the 1956-54 comparison in column (4) under the

0.9 exponent. Column (5) follows the same general trend

as both the weighted and unweighted Cobb-Douglas results and

corresponds most generally to the exponent values of 0.3 and

0.4. It should be mentioned that a 0.9 capital input

exponent is an extreme assumption for a Cobb-Douglas

function. This means that a 100 per cent change in labor

inputs leads to a 10 per cent output change (holding capi-

tal constant). Further, the term "labor efficiency" not

only applies to worker characteristics but to all factors

affecting output per unit of labor after capital stock

adjustments are made. This becomes apparent as the analysis

1Hardin and Strassmann,‘22. cit., pp. 55-62, and

Strassmann,,gp.‘g;§., pp. 78-81.
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continues.

There is little difference in the values of the

weighted and unweighted means in Table l and, as expected,

both vary-directly with the assumed capital exponent power.

The 1956-58 comparisons yield increasing labor efficiencies

over 1956-54 for the weighted means but decreasing efficien-

cies in the unweighted columns. This is a result of higher

labor weights being associated with higher labor efficien-

cies thereby raising weighted averages over the years,

1956-54. Reliance must be placed on the unweighted means

for 1956-58 since United States capital-labor ratios

increased along with relative output values from 1956 to

1958. The overall productivity of capital fell for Mexico

in 1956-58 (1.35-1.21).

Generally, except for 1956-54, and the average year

comparisons, both the weighted and unweighted means increase

or decrease in the same manner under all exponents for all

the compared years. For 1961-58, labor efficiencies have

fallen from the previous relative year (1956-58) in the

upper regions of the capital input exponent (0.9 and 0.7 in

column 3 and 0.9 in column 4) while rising for the lower

exponent regions. Exactly the reverse is true when 1961-63

is compared to 1961-58. Labor efficiencies have risen for

the weighted and unweighted calculations (0.9-0.7) but have
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fallen in all other regions. A recession occurred during

1958 in the United States and what capital was utilized was

employed efficiently. The relative productivity of capital

was higher for the United States in 1961-58 (0.99) but fell

in 1961-63 (1.17), while the relative capital-labor ratio

fell for Mexico during those years (0.52-0.43).

It is not surprising to find the relative capital

productivity and the relative capital-labor ratio moving in

opposite directions. Further, the relative productivity of

capital is a more important factor in changing labor

efficiency at higher capital exponent powers (0.9-0.7) while

the relative capital intensity is a more important determi-

nant in lower elasticity regions (0.4-0.1). Where capital

productivity and its output elasticity are high, further

increases in capital significantly affect labor efficiency

regardless of the original capital intensity. Relative

capital productivity loses influence as its output

elasticity falls and the level of capital intensity is a

controlling factor in changing labor efficiency as massive

doses of capital are needed to increase labor efficiency.

The above discussion is supported by comparing labor

efficiency changes between the relative years 1961-63 and

1966-63. Labor efficiencies for 1966-63 fell for both the

unweighted and weighted means for the 0.9 and 0.7 exponents
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but rose for the 0.4-0.1 exponents. The relative produc-

tivity of capital also fell during 1966-63 (1.17-0.93) while

the relative capital-labor ratio rose (0.43-0.51).

Summary Results fig; 2.1.1.922 £99

Puerto Rican labor efficiencies (Table 2) are higher

than those of Mexico in all columns. The Puerto Rican

unweighted means are higher than the weighted means and

overall labor efficiencies in column (5) correspond closely

to the means obtained for an exponent value of 0.1.

Unweighted and weighted labor efficiencies for

Puerto Rico increased between 1958-63 but overall efficiency

remained the same for both years (0.55). The weighted

results do not increase by as much as the unweighted means.

Puerto Rican employment figures for 1958 are very low in

many cases between about 20-50 for many industries in the

three digit classification. They do increase for 1963 but

the low initial employment followed by sharp increases

could affect the weighted results. ‘Moreover, the overall

relative capital-labor ratio fell for Puerto Rico from

1958-63 (1.38-0.86) while the relative productivity of

capital changed upward (1.31-2.08). These offsetting

changes may have kept the overall result in column (5) the

same between years but the tremendous jump in capital
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productivity may have offset the fall in relative capital

intensity so that the weighted and unweighted means were

pulled upward for all the exponents between the compared

years.

General Conclusions

Given the assumptions, including those concerning

the Cobb-Douglas production function, Mexican and Puerto

Rican industries would have to use much greater levels of

capital intensity than equivalent United States industries

to achieve the same labor productivity as the latter. This

result is suggested by the summary results in Table l and

Table 2 and by examination of individual industries in the

relevant tables in the Appendix. There were also signifi-

cant regressions obtained under the multiple regression

analysis suggesting that higher levels of labor productivity

are associated with higher capital-labor ratios. Then labor

productivity differences are less for industries of

intensive capital than industries of intensive labor.

The remaining productivity gap in Mexican and Puerto

Rican industries after adjustment for United States capital

stock levels (the labor efficiency difference) could theo-

retically be attributed to five factors: (1) social,

cultural, and political hindrances in Mexico and Puerto Rico
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regarding work and capital formation; (2) the superiority

of fuel and resource-related inputs in the United States;

(3) newer capital stock in the United States; (4) differ-

ences in worker and managerial ability; and (5) economies

of scale in favor of the United States. The first three

reasons were rejected or not explored.

Mexican-United States labor efficiency differences

were attributed to differences in worker and managerial

ability and greater economies of scale for united States

industries as demonstrated by their market size for final

output. This is also demonstrated by Mexican-Puerto Rican

comparisons. Wage rates are generally higher for Puerto

Rico than Mexico thereby dictating more capital intensity

for Puerto Rico. Puerto Rican labor efficiencies are also

higher than the Mexican indicating more scale economies for

Puerto Rico since many Puerto Rican industries produce for

the United States market. For this reason, labor

efficiency differences between United States and Puerto

Rican industries are probably not mainly due to scale

differences. The labor efficiency difference is probably

due to superior workers, managers, and decision makers in

the United States.
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II. THE MULTIPLE REGRESSION ANALYSIS

Significance igggg and the Regression Coefficients

Since the capital-labor ratio of United States indus-

tries is substituted for capital intensity levels of the

same Mexican or Puerto Rican industries, it was necessary

to determine whether a significant relationship existed in

the population for the given years. If there was no linear

relationship among the variables, the raising of labor

productivity for Mexican and Puerto Rican industries by

substituting the pertinent United States capital-labor

ratios would have little meaning apart from being an exer-

cise in mathematical mechanics. The null hypothesis stated

that there was no relationship in the population between

value of output per unit of labor and relative and absolute

levels of capital intensity. A "t" test was conducted at

the .0005 significance level for both the arithmetic and

logarithmic regression coefficients for Mexican and Puerto

Rican comparisons to the United States. The appropriate

degrees of freedom were used in each case and the null

hypothesis was rejected for all years for both the

arithmetic and logarithmic coefficients. Thus, it can be

concluded, and especially for the very low significance

level of .0005, that there is a significant relationship in
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the population for the compared variables. An examination

of Table 14 and Table 16 (Mexico and Puerto Rico

respectively) reveals very low standard errors of the

regression coefficients relative to the size of the coef-

ficients. The null hypothesis could be rejected for most

commonly used significance levels by visual inspection.

The standard errors of the regression coefficients are

shown in parentheses directly below the coefficients.

Referring to Table 14 and Table 16, the regression

coefficients all show positive signs and high numerical

values. For Mexico (Table 14), the arithmetic b2 coef-

ficients range from 1.14-1.62 and the arithmetic b3 coef-

ficients are 1.0 for all comparisons. The logarithmic b2

coefficients have values of 1.31-1.57 and the logarithmic

b3 coefficients have a range of 1.05-1.10. Thus, in the

case of Mexico, the arithmetic and logarithmic regression

coefficients show that a one unit or 1 per cent change in

the relative and average values of capital intensity induce

an equivalent or greater change, in units or per cents, in

the relative value of output per unit of labor.

For Puerto Rico (Table 16) the b2 coefficients in

the arithmetic case range from 1.02-1.60 and the arithmetic

b coefficients are unity for all years as well as the 1958

3

and 1963 average. The logarithmic regression coefficients
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for Puerto Rico range from values slightly less to slightly

greater than unity. The signs of the coefficients are

again positive. Therefore, for both the Puerto Rican and

‘Mexican cases and given all the previous information, higher’

capital-labor ratios are definitely associated with higher

labor productivities.

ngffigients. g Multiple Correlation 22g Determination

Mexican and United States correlation coefficients

(R) are neither exceptionally high or low and are shown in

Table 14 along with the coefficients of multiple determi-

nation (R2) and the unbiased coefficients of multiple

determination (R2). The comparison of the years 1956-54

shows the lowest values for R, R2, and R2. The correlation

and determination coefficients for Puerto Rico compared to

the United States (Table 16) are noticeably lower than

Mexican-United States comparisons.

2 ‘2
The coefficients R and R are of special importance

to this analysis. Interpretation is made here with refer-

ence to‘R2 since the unbiased coefficient of determination

is adjusted for degrees of freedom thereby yielding more

accurate results. With the exception of the arithmetic

result for the comparison of 1956-54, the arithmetic

unbiased determination coefficients provide a better fit to
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the data than the logarithmic determination coefficients

for Mexican-United States comparisons. For Puerto Rico,

the unbiased determination coefficients in arithmetic terms

are negative for 1958 and for 1963. For averages of those

years,‘R2 is very low showing a value of 0.10. The loga-

rithmic unbiased determination coefficients are also very

low.

Table 14 and Table 16 reveal that for both the

arithmetic and logarithmic cases a large amount of vari-

ations are left unexplained by the regression planes. The

unexplained variations are much larger for Puerto Rico than

for'Mexico. Hence, the analysis shows very high regression

coefficients with a large scatter of unexplained points

around the regression planes for all the comparisons. Geo-

metrically, this situation is represented by a steeply

sloped regression plane with a wide scatter of points

around the plane.2 The predictor variables (X2 and X3) are

very strong but the large amount of unexplained variations

around the regression plane reveals that factors other than

capital intensity affect relative output to a large degree.

 

20n the other hand, there may also be low regression

coefficients along with high determination coefficients.

This is shown geometrically by a relatively flat regression

plane with a small scatter of points around the plane.
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ggggmgyggy‘ggg Partial Correlation Coefficients

To determine the individual correlations of each of

the predictor variables with the dependent variable and to

determine the correlation between the predictor variables,

the zero order and partial correlation coefficients were

3 The results are summarized in Table 15 forcalculated.

Mexico and Table 17 for Puerto Rico. For Mexican-United

States comparisons, the correlations between the predictor

variables are very low under both the logarithmic and

arithmetic calculations. This holds true for both the zero

order (R23) and partial correlation coefficients (R23.l)‘

When the Puerto Rican analysis is undertaken, the

arithmetic and logarithmic correlations between X2 and x3

are larger for both the zero order and partial correlation

coefficients than those for the Mexican analysis but not

exceptionally large. If extremely large correlations or

 

3For example, the term R1 is the zero order or

simple correlation coefficient of relative value added and

the relative capital-labor ratio. However, in the case of

the simple correlation coefficient, the effect of the vari-

able X could enter into the correlation between Y and X

(R1 ). The partial correlation coefficient (R12 ) removes

the influence of X upon the correlation between' and X .

The first two subscripts for the simple and partial corre-

lation coefficients denote the correlated variables. The

last subscripts attached to R for the partial correlation

coefficients show the variables whose effects have been

removed from the correlations of the first two variables.



82

almost perfect correlations prevailed between the predictor

variables, the partial regression coefficients would be

severely affected although the overall prediction yielded

by the regression lines would not be hampered. That is,

the interpretation of b2 with b3 constant would be severely‘

limited since large variations in b3 would enter into the

b2 variations and conversely.

The strongest zero order and partial correlations for

Mexico are between relative value added per unit of labor

and relative capital intensity for both the arithmetic and

logarithmic equations (R12 and R12.3). The highest zero

order and partial correlations for Puerto Rico are between

relative and average levels of capital intensity for the

arithmetic and logarithmic calculations (R23 and R23.l)

although not high enough to affect the partial regression

coefficients.

The next part of the current chapter compares rela-

tive labor productivities for Mexico and Puerto Rico to

relative labor efficiencies. The comparisons are shown in

Tables 18-22 for'Mexican-United States comparisons and

Tables 23-25 for Puerto Rican-United States comparisons.



83

III. LABOR PRODUCTIVITY AND LABOR EFFICIENCY COMPARISONS

Mexican-United States Industry Comparisons

Tables 18-22 reveal that relative labor produc-

tivities and relative capital-labor ratios are lower in

Mexico for almost all industries. Labor efficiencies are

also lower in the greater majority of cases. The greater

the capital input exponent or the power of the capital

intensity ratio, the greater is the relative labor

efficiency. Labor efficiencies are greatest under a 0.9

capital input exponent and lowest when a value of 0.1 is

assumed for the capital intensity ratio since the exponent

power is the output elasticity of capital (the percentage

change in output with respect to the percentage change in

capital). Raising a given capital-labor ratio by a rela-

tively greater elasticity exponent increases output by a

greater amount than if the capital-labor ratio was raised

by a lower elasticity coefficient.

For Table 18, which compares Mexico, 1956, to the

United States, 1954, only twelve of thirty-nine Mexican

industries show greater labor efficiencies than United

States industries under a capital input exponent of 0.9.

These industries are Dairy Products, Wines and Grape

Liquors, Cigars and Cigarettes, Cotton Spinning and weaving,
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Pharmaceuticals and Medicines, Gypsum, Lime, Pottery and

Related Products, Metal Doors, Sash, and Trim, Metal Drums

and Containers, Cutlery, and Dental Equipment. When the

exponent value is 0.7 the number of Mexican industries

showing greater labor efficiencies than the similar United

States industries decreases sharply to Dairy Products,

Gypsum, Pottery and Related Products, and Metal Drums and

Containers (four of thirty-nine industries). At an

exponent value of 0.4, only the Gypsum industry in Mexico

has a higher labor efficiency than the Gypsum industry in

the United States.

Table 19 compares Mexico, 1961, to the United States,

1958. Under the 0.9 capital input exponent, nine of sixty

industries in Mexico (Leather Tanning and Finishing, Organic

Chemicals, Fertilizers, Lubricating Oils and Greases,

Hydraulic Cement, Gypsum, Lime, Tires and Inner Tubes, and

Motor Vehicles and Parts) are more efficient under a capital

intensity power of 0.4 than the similar United States

industries. Apparently a recession during 1958 in the

united States did not affect labor productivities or

capital-labor ratios as shown by their comparisons to Mexi-

can industries.

When Mexico, 1961, is compared to the United States,

1963, in Table 20, thirteen of sixty industries in Mexico
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show greater labor efficiencies than the same industries for

the United States (0.9). The industries are Chewing Gum,

Soft Drinks, venetian Blinds and Shades, Leather Tanning and

Finishing, Organic Chemicals, Fertilizers, Pharmaceuticals

and Medicines, Lubricating Oils and Greases, Hydraulic

Cement, Gypsum, Lime, Tires and Inner Tubes, and Motor Vehi-

cles and Parts. Of these industries only Leather Tanning

and Finishing, Fertilizers, and Tires and Inner Tubes show

a greater labor efficiency than United States counterparts

when the 0.7 exponent is used. For a capital input exponent

of 0.4 a single industry alone, Leather Tanning and

Finishing, possesses a higher labor efficiency for Mexico.

For 1966-63 comparisons (Table 21), the number of

Mexican industries showing higher labor efficiencies is

greater than any other year rising to seventeen out of

fifty-nine industries given a 0.9 exponent (Bakery Products,

Chewing Gum, Shortening and Cooking Oils, Manufactured Ice,

Venetian Blinds and Shades, Leather Tanning and Finishing,

Plastics, Pharmaceuticals and Medicines, Lubricating Oils

and Greases, Hydraulic Cement, Gypsum, Lime, Pottery and

Related Products, Cutlery, Motors and Generators, etc.,

Storage and wet and Dry Batteries, and Tires and Inner

Tubes). For a capital input exponent of 0.7 the industries

in Mexico with greater relative efficiencies than
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United States industries are five out of fifty-nine (Leather

Tanning and Finishing, Hydraulic Cement, Gypsum, Pottery and

Related Products, and Tires and Inner Tubes). Relative

Mexican labor efficiencies are lower in all industries

under an exponent value of 0.4.

When the averages of years for'Mexico and the United

States are compared (Table 22), thirteen of fifty-nine

Mexican industries reveal higher labor efficiencies than

comparable United States industries (Bakery Products,

Chewing Gum, Shortening and Cooking Oils, Soft Drinks,

Leather Tanning and Finishing, Pharmaceuticals and Medi-

cines, Lubricating Oils and Greases, Hydraulic Cement,

Gypsum, Lime, Pottery and Related Products, Storage and wet

and Dry Batteries, and Tires and Inner Tubes). Merely two

of fifty-nine industries (Leather Tanning and Finishing and

Lubricating Oils and Greases) have higher labor efficiencies

for Mexico than the United States. Again, Mexican labor

efficiencies are lower in every single industry for a capi-

tal intensity power of 0.4.

The preceding discussion proves that the productivity

gap between the less developed countries and the United

States goes well beyond differences in capital intensity.

This holds true for all ranges of output elasticity coef-

ficients for capital under a Gobb-Douglas function. The
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question arises as to which capital input exponent best

fits Mexican-United States comparisons. Hardin and

Strassmann use a capital input exponent of 0.4 and 0.3 when.

comparing labor efficiencies between Mexican and United

States industries.4 Douglas, in his study of manufacturing

industries for a twenty-two year period ending in 1924,

found the capital input exponent to be 0.25.5 welters

calculated the capital input exponent using two tests (one

of which employed an autocorrelation function) and found

six capital input exponent values ranging from approximately'

o.12-o.23.6 Given the above information the pertinent

capital input exponent for this study could be 0.3 or

certainly a value no higher than 0.4. Under these exponents

the hypothesis is very strongly supported.

To expand the original hypothesis, industries were

arranged by ascending order of labor productivity for each

of the relative years and by ascending order of relative

years for the same industry. Labor productivity groupings

show that the same level of relative labor productivity can

 

4Hardin and Strassmann, op, cit., p. 58, and

Strassmann, 92. cit., pp. 80-81.

sPaul Douglas, Theory'gf wages (New Yerk: Macmillan,

1934), p. 133.

6Walters, "A Note on Economies of Scale," 22. cit.,

P. 427.
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be achieved by a high relative capital productivity ratio

accompanied by a low relative capital-labor ratio and con-

versely. In brief, for a constant level of relative labor

productivity the higher the relative capital productivity

ratio the lower is the relative capital-labor ratio. This

is as could be expected. A high capital productivity

implies little capital usage per unit of labor to achieve

a given level of labor productivity. What is significant

is that the higher the relative capital productivity ratio,

the higher is the labor efficiency ratio which results from

the same level of relative labor productivity.

The labor efficiency differences for different capi-

tal productivities or capital-labor ratios are only large

at the upper regions of the capital output elasticity coef-

ficient (0.9-0.7). As the output elasticity coefficient of

capital falls, the labor efficiency differences become less

such that for a coefficient of 0.3 the differences are

slight and for a coefficient of 0.1 the differences are

practically non-existent. Thus for a given level of labor

productivity, regardless of the absolute value of that

productivity, the capital productivity ratio is a strong

influence on labor efficiency differences only at the upper

regions of the capital output elasticity coefficient. At

lower coefficient regions neither the relative capital
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productivity ratio or the relative capital-labor ratio has

an influence on relative labor efficiency.

Differences in relative labor productivities and

labor efficiencies among industries are caused by differ-

ences in relative productivities of capital and relative

capital-labor ratios. The higher the relative capital

productivities and relative capital-labor ratios the higher

the relative labor productivities and efficiencies. The

regression coefficients (b1 and b2) also bear out this

relationship. Previous comparisons have shown that changes

in labor efficiency are very responsive to the relative

productivity of capital ratio at the upper regions of the

capital output elasticity coefficient. The relative capi-

tal-labor ratio is a more important determinant of changes

in labor efficiency at the lower regions of the output

elasticity coefficient for capital. For example, the

figures reveal that industries with different relative capi-

tal productivities and different relative capital-labor

ratios have the same labor efficiencies for a capital

output elasticity coefficient of 0.9. Beyond that coef-

ficient at the lower capital exponent ranges of 0.4-0.1,

the industries with the relatively lower capital produc-

tivities and relatively higher capital-labor ratios have

greater labor efficiencies.
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The grouping by relative years for the same industry

shows that almost all industries in Mexico are becoming

capital intensive with the exception of Dehydrated, Frozen

Fruits and Vegetables, Seafood, Confectionery Products, and

Soft Drinks. A few other industries became less capital

intensive but the falls in capital intensity were negligi-

ble. The size of fixed capital assets is increasing almost

without exception for all years. This would indicate that

industries which became less capital intensive mechanized

rather than instrumentized their operations, the former

requiring more labor and the latter less labor. It is not

difficult to suppose that the foodstuff industries mecha-

nized the preparation of canned or frozen foods. Variations

in relative capital productivities and relative capital-

labor ratios as well as variations in the absolute value of

those ratios for Mexico show capital-labor substitution and

the absence of fixed technical coefficients. value of

product per unit of labor and value of product figures are

increasing almost without exception. The increases in

product values for the greater majority of industries are

almost doubling and tripling between years indicating a

widening of markets. If market extension is indicative of

returns to scale, then a scale factor could be present for

Mexican industries.
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As expected, variations in relative labor produc-

tivities and labor efficiencies between years for the same

industry are caused by variations in relative capital

productivities and relative capital-labor ratios. Whenever

relative capital productivities and relative capital-labor

ratios increase together between years, relative labor

productivities and labor efficiencies rise without exception

for those years. If both relative capital productivities

and capital-labor ratios fall between given years, then

relative labor productivities and labor efficiencies also

fall. If either the relative capital productivity or the

relative capital-labor ratio falls while the other

increases, then labor productivities and efficiencies can

move in opposite directions. A rise in relative produc-

tivities of capital increase labor productivities even

though relative capital-labor ratios have fallen. Thus,

increases in capital productivities can increase labor

productivities by offsetting falls in capital-labor ratios.

In this situation labor efficiencies increase for every

single output elasticity of capital coefficient. If rela-

tive productivities of capital fall but relative capital-

labor ratios rise labor productivities again increase.

Labor efficiencies will decrease for the capital input

exponent 0.9 and for some values of 0.7 while all other
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labor efficiencies rise. Further, given increases in rela-

tive capital-labor ratios, falls in relative capital produc-

tivities, and falls in relative labor productivities, labor

efficiencies fall for the lower ranges of the capital input

exponent (0.4-0.1) but rise in most cases for the higher

exponent values (0.9-0.7). Therefore, labor efficiencies

and relative labor productivities move in opposite

directions whenever relative capital productivities and

capital-labor ratios move in opposite directions. The labor

efficiencies and productivities move in the same direction

when capital-labor and productivity ratios move in the same

direction. Again, the productivity of capital is a more

important determinant of labor efficiency increases in the

upper ranges of the capital input exponent while the capi-

tal-labor ratio is more influential concerning increases in

labor efficiency at the lower input exponent values.

Pugrto Rican-United States Comparisons

The data presented in Tables 23-25 reveal that rela-

tive labor productivities are generally higher for Puerto

Rican industries than Mexican-United States comparisons.

In many industries Puerto Rican capital-labor ratios are

higher than comparable United States industries.

In the 1958 comparisons (Table 23), five of
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twenty-two industries have higher labor efficiency ratios

for Puerto Rico than the United States given the capital

exponent of 0.9. For 1963 comparisons (Table 24) and given

the capital input exponent 0.9, fifteen of thirty-three

industries in Puerto Rico show higher labor efficiencies

than similar United States industries. Again under the 0.9

exponent, twelve of twenty-two Puerto Rican industries in

Table 25 have greater labor efficiencies than the same

industries in the United States. The industries which have

greater labor efficiencies are not listed here as they were

in the Mexican analysis because the tables and industries

for Puerto Rico are not as numerous as they are for Mexico

and hence these industries are more easily discernible by ’

an inspection of Tables 23-25.

Predictably, when the capital-labor ratio in a Puerto

Rican industry is greater than the capital-labor ratio for

the same United States industry, labor productivity in the

Puerto Rican industry falls as the lower United States

capital-labor ratio is substituted for the higher Puerto

Rican capital-labor ratio. However, labor efficiencies

rise as the capital output elasticity coefficient falls.

This is to be expected. A lower capital-labor ratio results

in a lower labor productivity. Then, as the output

elasticity of capital falls, labor productivity (efficiency)
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rises since the lower capital-labor ratio has a lesser

influence on the level of output as the capital output

elasticity coefficient falls. This situation is also true

for Mexico. When industries for Puerto Rico are grouped

by labor productivity and by year for the same industry,

the same conclusions are reached as in the Mexican

industrial groupings.

.LEPQE Productivity gag L329; Efficiency Compared Qgggg

Increasing Returns

When Mexican and United States industries are com-

pared under increasing returns assuming identical capital

and labor input exponents (Table 30), Mexican labor

efficiencies rise beyond United States levels in four of

ten industries (Plastics, Inorganic Chemicals, Hydraulic

Cement, and Tires and Inner Tubes). For Puerto Rican

industries (Table 31) labor efficiencies are greater than

United States industries in three of five observations

under identical capital and labor input exponents. These

industries are‘Millwork and Related Products, Concrete

Block and Brick, and Concrete Products. In some industries,

labor efficiencies fall below original labor productivity

levels when the same input exponents are used. This occurs

for Meat and Dairy Products, Veneer and Plywood Plants, and

Petroleum Refining in Mexico and for Canned Fruits and
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Vegetables in Puerto Rico.

Under increasing returns to the United States and

constant returns to Mexico (Table 30), labor efficiencies

are greater for all Mexican industries except Petroleum

Refining. Given the identical assumptions for Puerto Rican-

United States comparisons, all industries in Puerto Rico

have greater labor efficiencies than their United States

counterparts (Table 31). Where Mexican and Puerto Rican

industries Operate under increasing returns and United

States industries exhibit constant returns, all industries

in Mexico and Puerto Rico show lower labor efficiencies

than their original labor productivity levels.

Relative‘Mexican‘ppngelative Pugrto‘gippp Comparisons

‘ppgnzppi; Historical Economic Developments

The previous sections have shown that most Mexican

and Puerto Rican industries have productive deficiencies

exceeding their capital deficiencies when compared to simi-

lar United States industries. Labor productivity and

efficiency differences and fluctuations in these values

were attributed to have the same causes for both countries.

There are however, some notable differences in the data

between Mexican and Puerto Rican industries. Relative capi-

tal-labor ratios are generally much higher for Puerto Rican

industries as well as labor efficiencies. A higher
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percentage of industries in Puerto Rico have greater labor

efficiencies than similar United States industries than is

the case for Mexico. These greater labor efficiencies in

Puerto Rico extend in many cases into the exponent values

of 0.3-0.1. In Mexican comparisons, no industry in any of

the compared years has a labor efficiency which is greater

than the United States level when the capital intensity

powers are 0.3-0.1. Also the number of industries which

have greater labor efficiencies in Puerto Rico compared to

the United States under a 0.7 exponent does not fall as

sharply as Mexican cases, remaining the same as the 0.9

exponent in Table 23, and falling to thirteen out of thirty-

three in Table 25. Under a 0.4 exponent further declines

for Puerto Rican efficiencies are witnessed but not as

severe as Mexican-United States comparisons. Then why do

these differences in Mexican and Puerto Rican industries

exist? What were the patterns in economic development

which have led to similarities or dissimilarities in labor

productivities and efficiencies for Mexico and Puerto Rico?

'Mexico and Puerto Rico have experienced similar

economic development patterns. Both countries could

scarcely be underdeveloped in the sense of traditional

economies stagnating in low level equilibrium traps and

vicious circles of poverty. Both countries experienced
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breakdowns of social and cultural barriers to capital

accumulation and technological change before 1940 and from

1940-65 the rate of industrialization was heavy for the two

economies. Further, Mexico and Puerto Rico possess rela-

tive ease of access to United States technology and the two

countries have good export markets and tourist trades which

alleviate inflationary pressures during the course of

development.7

As early as 1900, in Mexico, foreign enterprises had

set up mining, railroads, and electric power industries.

Also at that time beer, glass, cigarettes, match, soap,

cloth, cement, and steel establishments had been set up by

foreign and domestic manufacturers. During the years

1935-40 a stable political process was established, and

schools, roads, and irrigation systems were built. Urban

industries also arose.8 Investment in social overhead capi-

tal was made and combined with the backward and forward

linkage effects of the cement and steel industry, economic

development became an on-going process during the early

1940's. From 1945-60 the heavy rate of industrial growth

was achieved largely through tariff protection, credit

 

7Strassmann, pp. 915., pp. 279-80.

81bid., p. 282.
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manipulation in the capital market by the government which

encouraged banks to lend on easy terms to industry, tax

exemptions, and fast depreciation writeoffs were granted to

new and necessary industries (e.g., steel) by the govern-

ment. There were elements of government planning in the

industries of steel, cement, food, transport, and petroleum

but hardly anything proceeding along socialistic lines.

Unequal income distribution in favor of corporate profits

was also tolerated.9

In Puerto Rico social overhead capital was formed

through the United States New Deal administration during

the 1930's. Schools, roads, hydroelectric plants, and

cement plants were built. Unlike Mexico, Puerto Rico is a

United States territory and provides special tax exemptions

to industries. ‘More importantly, unlike Mexico, Puerto

Rico had some planning for an integrated industrial

structure. Huge direct financial assistance was given to

core industries. Core industries were defined as those

using Puerto Rican minerals and plant inputs or industries

which import and process crude raw materials to be used by

other industries. Essentially core industries were those

which supply or buy from many other industries. Thus core

 

9Ibid., pp. 286-98.
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industries imply industries with significant backward and

forward linkages. There is one other important difference

between Mexican and Puerto Rican industrial development.

There are more economies of scale evident in Puerto Rico

10 The datasince Puerto Rico produces for a larger market.

appear to show that Puerto Rican labor productivities, capi-

tal productivities, capital-labor ratios, and labor

efficiencies are higher than those of Mexico. value of

product figures are larger for Puerto Rican establishments

in general than for Mexican establishments. Value of

product figures would indicate or serve as a proxy for

market size. Capital figures per establishment could serve

as a proxy for scale of plant. Given the data on capital

and value of product figures along with the historical

development pattern of the two countries it must be con-

cluded that differences in labor productivity and efficiency

between Mexico and Puerto Rico are attributable to

(l) economies of scale; and (2) planning or integrating

economic development along the lines of backward and

forward linkage.

 

10

Ibid.. PP. 298-315.
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IV. CONCLUSIONS

The hypothesis of this analysis states that

industrial labor productivity in less developed areas would

be less than industrial labor productivity in the United

States even if industries in the less developed areas had

the same capital-labor ratios as similar United States

industries. The hypothesis is stated for all plausible

values of the capital output elasticity coefficient which

can be assumed for a Cobb-Douglas Production function.

Given the results of the regression analysis and the labor

efficiency calculations assuming a Cobb-Douglas production

function for industries in all three countries, the

hypothesis is accepted. Industry comparisons between

Mexico and the United States strongly support the hypothe-

sis, and Puerto Rican-United States industrial comparisons

also support the hypothesis but not as strongly as in the

‘Mexican case. Even under the greatest capital exponent

power, labor efficiencies for the compared industries in

Mexico and Puerto Rico are lower than United States produc-

tivity levels for the majority of industries. As the

exponent power of capital falls, the number of Mexican and

Puerto Rican industries with greater labor efficiencies

than similar United States industries decreases sharply
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thereby strengthening the hypothesis.

Thus, the capital input exponent is of prime

importance in determining labor efficiency levels of Mexi-

can and Puerto Rican industries. walters has cited studies

in his article which have determined the empirical value of

the capital input exponent to range from 0.1 to approxi-

mately 0.3 for countries such as Australia, Great Britain,

New Zealand, the United States, and India.11 The Western

developed nations cited in Walters' article have perhaps a

higher capital output elasticity than.Mexico or Puerto Rico.

Reviewing the historical development pattern of Mexico and

Puerto Rico, they could scarcely be called underdeveloped

in the same sense as India. It could be inferred that the

output elasticity of capital for Mexican and Puerto Rican

industries is generally higher than that of Indian indus-

tries but certainly not higher for most industries in the

western world. Also, given the relative capital produc-

tivity figures and labor productivity figures for Mexico and

Puerto Rico, the latter country's capital output elastici-

ties for the majority of industries could be considered

higher than Mexico. But certainly for both Mexico and

Puerto Rico capital output elasticities in most cases could

 

1Walters, "A Note on Economies of Scale," pp, cit.,

pp. 425-27.
‘
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not be considered higher than the United States. A best

compromise for a common output elasticity for capital in

this study given all previous information would be 0.3.

With a value of 0.3 Mexican and Puerto Rican industries

would require much greater capital-labor ratios than United

States industries to achieve the same level of labor produc-

tivity. However, it would appear that policies which pro-

vide Mexican and Puerto Rican industries with greater capi-

tal-labor ratios than United States industries are both

capital and labor wasting. Some industries could realize

capital and labor shortages while others absorb dispro-

portionate amounts of capital and labor.

It should be mentioned at this point that the

results under increasing returns are not reliable enough to

support or reject the hypothesis. In both Tables 30 and

31, estimated capital productivities and labor efficiencies

are equal when the same capital and labor input exponents

are assumed for the compared countries. under identical

exponents for capital and labor for the compared countries

the labor efficiency ratio thus reduces to the productivity

of capital ratio. This however, is precisely the criticism

of Bacha's technique stated in Chapter I. It is seen that

the combinations and values of exponents severely affect

the outcomes. Tables 30 and 31 show that labor efficiency
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levels achieved by Mexican and Puerto Rican industries are

lower under certain assumed exponent values than their

original labor productivity levels when capital-labor

ratios of similar United States industries are used. This

result is plausible if the United States capital-labor

ratio is lower than the Mexican or Puerto Rican capital-

1abor ratio. However, in the cases of Tables 30 and 31 the

lower labor efficiency results are due to the assumed

values and combinations of exponent values chosen for the

capital input.

The regression analysis pointed to a strong relation-

ship between the predictor variables and relative value of

output. Nevertheless, the wide scatter of points around

the regression plane indicated that factors other than

capital intensity strongly affect the relative value of

output. Some of these factors are managerial skill and

decision making, health and educational levels of workers,

and perhaps even elements like the quality of mail service

provided for the country in question. It has already been

shown that relative labor productivity differences in

Mexico and Puerto Rico are not eliminated when their capi-

tal intensity differences are eliminated. Then the

additional productivity gaps must be examined and explained.

As outlined earlier, the residual productivity
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differences for Mexican and Puerto Rican industries could

in theory be attributed to five categories of factors:

(1) social, cultural, and political barriers affecting

attitudes toward work and capital accumulation; (2) differ-

ences in fuel and other material resource-related inputs;

(3) differences in the ages of capital stock; (4) differ-

ences in worker and managerial ability; and (5) differ-

ences in economies of scale as evidenced by output volume

and market size.

In the cases of Mexico and Puerto Rico social and

cultural barriers as a hindrance to economic development

can probably be dismissed. An unstable political process

is also not a hindrance. This view was supported by an

examination of the history of economic development for both

countries. Moreover, an examination of the data shows that

almost all industries are becoming capital intensive or at

least that net capital formation is occurring for almost all

the years examined. This situation is not likely to occur

in an underdeveloped economy where tradition remained

strong or where the political structure were highly

unstable.

The second possible reason for differences in labor

productivity in Mexico and Puerto Rico after removal of the

capital gap, namely the superiority of fuel and other
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resource-related inputs used in the United States, is

outside of the scope of this study. The Cobb-Douglas

function is a two factor case and no allowance has been

made for differences in material inputs.

The third reason for productivity differences for

Mexico and Puerto Rico could be differences in the quality

of capital as measured by the age of their capital stocks.

If Mexican or Puerto Rican industries employ machinery and

equipment which are much older than United States indus-

tries, this could explain part of the labor efficiency

differences. However, there is reason to believe that the

capital stock is newer in Mexican and Puerto Rican indus-

tries than in United States industries. As previously

stated, Mexican and Puerto Rican industries with very few

exceptions are also becoming more capital intensive. Net

investment in almost all industries has been rising since

1956 for Mexico and since 1958 for Puerto Rico. There is

one qualification to this statement. Relatively lower

volumes in Mexico and Puerto Rico can lead to different

ages and qualities in capital machinery and equipment

employed by'Mexican and Puerto Rican industries.

There remain two other explanations of the causes of

labor productivity and efficiency differences for Mexico

and Puerto Rico: (4) differences in worker and managerial
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ability; and (S) differences in market size or economies of

scale. When relative Mexican data are compared to relative

Puerto Rican data, capital-labor ratios and labor efficien-

cies are generally higher for the latter country. The

development pattern of both countries suggests that the

differences in the raw and calculated data point to greater

economies of scale for Puerto Rican industries because of

greater market size and production volume. Many Puerto

Rican industries also produce for the United States market

and therefore realize significant scale economies and more

organized marketing outlets for large production volume.

With the elimination of causes of labor efficiency

differences between Mexico and the United States and

differences in value of product and capital figures, it

must be concluded that economies of scale, managerial

ability, and worker capacity account for the labor

efficiency gap in Mexico. For instance, in Mexico, for

many industries "lack of volume and unpredictable demand

levels prevent gains from external economies by checking

internal economies. Production runs are too short and

demand levels unpredictable. Metal fabricators complain

about large volumes they have to buy from steel mills and

steel mills say that demand for special steel is too low

to make production worthwhile. It is also possible that
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short production runs keep a worker low on the learning

curve."12 This prevents workers from solving breakdown and

maintenance problems. The supply of competent managers is

therefore hindered because promotion through the ranks is

not possible. Vocational training by private or govern-

mental means becomes especially important. Lack of good

managers can further lead to procurement problems, internal

supply bottlenecks, and poorly set up marketing channels

for distribution of final output. This last factor further

aggravates the situation of small markets for final output.

In Puerto Rican-United States comparisons, labor

efficiency differences are much narrower for the Puerto

Rican industries. From the data and previous discussions

it could be inferred that economies of scale are strong in

Puerto Rico and therefore account for higher labor

efficiencies. The labor efficiency differences which do

exist in Puerto Rico must then be due to managerial and

worker ability. There may perhaps be some scale economy

advantages for United States industries where Puerto Rican

industries produce only for the island market.

 

12Strassmann,.pp,_c__i_§_., pp. 162-65.
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V. SUMMARY

Important results of the calculations were discussed

in this chapter. It was stated that the regression coef-

ficients showed strong relationships between relative and

average levels of capital intensity and relative value

added for the compared countries. Significant relationships

between the compared variables were also found in the popu-

lation according to "t" tests conducted for the sample

regression coefficients. Nevertheless, the unbiased coef-

ficient of determination revealed that factors other than

capital intensity play a strong role in determining labor

productivity. The maintained hypothesis was therefore

accepted. Labor and capital productivity differences were

discussed along with labor efficiency and capital intensity

differences among industries in the same country and

between years for the same country for'Mexico and Puerto

Rico. The causes of labor efficiency differences between

Mexico and Puerto Rico and the United States were examined

and it was found that the efficiency differences were due

to differences in (1) capital intensity; (2) worker and

managerial ability; and (3) economies of scale as indicated

by the size of the market for manufacturing output. How-

ever, economies of scale as a reason for efficiency
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differences between Puerto Rican and United States indus-

tries were not considered an important factor since many

Puerto Rican industries produce for United States markets.



CHAPTER IV

SUMMARY AND CONCLUSIONS

This investigation began with a statement of the

hypothesis and general procedures for testing this hypothe-

sis. The hypothesis was that labor productivity levels for

less developed areas would not be as great as labor produc-

tivity levels in United States industries even if the

former countries worked with United States levels of capi-

tal intensity. Underdeveloped areas would necessarily

have to increase capital intensity levels by greater

amounts than United States levels to achieve the same

amount of product per unit of labor. The countries chosen

for the analysis were Mexico, Puerto Rico, and the United

States. The United States served as the comparative

standard. The analysis used a multiple linear regression

equation and a Cobb-Douglas production function to test the

hypothesis. The remainder of Chapter I cited previous

international labor productivity comparisons discussing

their methodology and mathematical techniques. The

validity of the Cobb-Douglas procedure was also established.

Chapter II was specifically concerned with the

methodology of this investigation. The first part of this

chapter discussed the statistical procedures for testing

110
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the hypothesis. The multiple regression equation was set

forth in arithmetic and logarithmic form and the terms in

the equation were discussed in great detail. The behavior

of the regression coefficients was then interpreted. Then

the procedures for calculating labor efficiencies were

explained under the Cobb-Douglas production function

assuming constant returns to scale. An explanation of the

calculation of labor efficiencies under increasing returns

by way of modification of the Cobb-Douglas technique was

also put forth. The second part of Chapter II was concerned

with the nature of the empirical data itself. The sources

of data, selection of years, and selection of industries

were enumerated. The terms output, capital, and labor were

defined and methods for estimating capital figures for some

years in Mexico and Puerto Rico were given. The Appendix

presents tables concerning the raw data and calculations

which result from applications of the equations to the

data.

The presentation in Chapter III was involved with

interpretation of the regression results and calculations

of the labor efficiencies under constant and increasing

returns. The regression function in the logarithmic and

arithmetic case showed that the b and b regression coef-

2 3

ficients were very high in all years for both Mexican-



112

United States and Puerto Rican-United States comparisons.

These coefficients also verified the Hirschman hypothesis.

Significant relationships were also found in the population

at the .0005 significance level for the variables used in

the regression function. The multiple correlation, determi-

nation, and unbiased determination coefficients showed a

wide scatter of points around the regression plane indi-

cating that factors other than relative and average levels

of capital intensity strongly affect relative labor produc-

tivity. The calculation of labor efficiencies showed that

in the majority of cases for all exponents, labor efficien-

cies in Mexican and Puerto Rican industries were not as

high as similar United States industries. Given the

results of the regression analysis and the calculation of

labor efficiencies, the hypothesis presented in Chapter I

was accepted for all plausible values of the output

elasticity of capital which could be assumed under a Cobb-

Douglas production function.

Several other results were proven other than the

original hypothesis. It was found that for a given level

of labor productivity, fluctuations in labor efficiency

come about because of changes in capital productivity

and/or changes in the capital-labor ratio. Under a constant

level of labor productivity among Mexican and Puerto Rican
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industries, the higher the capital productivity ratio the

lower is the capital-labor ratio. The greater the capital

productivity ratio the greater is the level of labor

efficiency at the upper values of the capital output

elasticity value (0.9-0.7). At the lower values of the

capital exponent (0.4-0.1) there is virtually no difference

among labor efficiencies for industries with the same labor

productivities regardless of differences in capital produc-

tivities or capital-labor ratios. However, higher labor

productivities and efficiencies are caused by higher capi-

tal productivity ratios and higher capital-labor ratios in

general. An examination of differences among years for the

same industry shows further that differences in labor

productivities and efficiencies are caused by capital

productivity and capital-labor ratio differences. If capi-

tal productivities and capital-labor ratios both increase

between successive years, labor productivities and

efficiencies also increase. Decreases in capital-labor

ratios which are offset by increases in capital produc-

tivities do not affect labor productivity and efficiency

increases. Both labor productivities and labor efficien-

cies increase when a rise in capital productivity offsets

a fall in capital intensity. If the rise in capital

productivity does not offset a fall in the capital-labor
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ratio, labor productivities fall in all cases. However,

in the majority of cases, labor efficiencies do not fall at

the capital exponent of 0.9-0.7 but fall nevertheless for

the lower exponent values of 0.4-0.1. If a fall in the

productivity of capital is offset by a rise in the capital- _5

labor ratio, labor productivities rise and so do labor

efficiencies except for the capital exponent values of 0.9-

0.7. For those values, labor efficiencies decrease. It

 was thus concluded that changes in relative capital produc-

tivities were more important determinants of labor

efficiencies at the upper ranges of the capital exponent

(0.9-0.7) and that changes in relative capital-labor ratios

were a more important determinant of labor efficiencies at

the lower ranges of the capital exponent (0.4-0.1). The

figures further reveal that almost all Mexican and Puerto

Rican industries are becoming more capital intensive and

that net investment is occurring in nearly every single

industry. Employment figures are also rising in every

single case for Mexican and Puerto Rican industries along

with value of shipment figures, the latter indicating an

expansion of market size.

Relative Mexican and relative Puerto Rican data were

compared to each other and it was found that in most cases

for Puerto Rico (1) labor productivity is higher;
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(2) capital productivity is higher; (3) the capital-labor

ratio is higher; and (4) labor efficiency is higher for all

exponent values of capital. Both countries have followed

similar economic development lines except that Puerto Rico

has had greater economies of scale as evidenced by the

larger markets for which Puerto Rican industries produce

and has had a somewhat more integrated economic development

in terms of planning for backward and forward linkages.

The data on market size here is taken to be value of

product or value of product per unit of labor and supports

the historical evidence of more economies of scale for

Puerto Rico.

It was previously stated that after Mexican and

Puerto Rican industries are equipped with the same capital-

labor ratio of similar United States industries, the Mexi-

can or Puerto Rican industries fall short of United States

productivity levels. An explanation of the productivity

gap exceeding the capital intensity gap was then under-

taken. The differences in labor productivity other than

capital intensity differences were stated as differences in

(1) superiority of fuel inputs; (2) ages of capital stock;

(3) worker and managerial ability; and (4) economies of

scale. Differences attributed to superiority of fuel

inputs and capital stock ages were eliminated because of
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the nature of the data and the historical economic develop-

ment pattern of Mexico and Puerto Rico. It was thus con-

cluded that labor efficiency differences between Mexican

and Puerto Rican industries and United States industries

were due to worker and managerial ability and economies of

scale as United States industries produce for larger

markets. The scale factor as a cause of a labor efficiency

difference between the United States and Puerto Rico was

considered to be strong only when Puerto Rican industries

produced for the island markets.
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TABLE 3

SELECTED INDUSTRIES FOR MEXICO AND THE UNITED STATES

 

 

Meat Products

Dairy Products

Dehydrated Frozen Fruits, and vegetables

Rice‘Milling

Canned, Dehydrated, Frozen, and Fresh Seafood

Bakery Products

Cane and Beet Sugar

Confectionery Products

Chocolate and Related Products

. Chewing Gum

Shortening and Cooking Oils

. ‘Manufactured Ice

Breweries

. Wines and Grape Liquors

15. Soft Drinks
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$
‘
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\
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\
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‘
U
)
B
D
F
‘

16. Animal Foods

17. Cigars

18. Cigarettes

19. Cigars and Cigarettes

20. Cotton Spinning and Weaving

21. ‘Men's, Women's, and Children's Underclothing

22. Sawmills

23. Wooden Containers

24. ‘Miscellaneous Wood Products

25. veneer and Plywood Plants

26. Wooden Furniture

27. Metal Furniture

28. venetian Blinds and Shades

29. Book Publishing and Printing

30. Commercial Printing, Lithography, and Book Binding

31. Leather Tanning and Finishing
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32.

33.

34.

35.

36.

37.

38.

39.

4o.

41.

42.

43.

44.

45.

46.

47.

48.

49.

so.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
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TABLE 3 (cont'd.)

Plastics

Organic Chemicals

Inorganic Chemicals

Fertilizers

Insecticides

Paints and varnishes

Pharmaceuticals and Medicines

Soaps and Detergents

Perfumes and Toilet Articles

Petroleum Refining

Paving Mixtures, Blocks, Asphalt Felts, and Coatings

Lubricating Oils and Greases

Hydraulic Cement

Gypsum

Lime

Iron and Steel Foundries

Pottery and Related Products

Steel Pipes and Tubes

Metal Doors, Sash, and Trim

Metal Engraving

Metal Drums and Containers

Cutlery

Bolts, Nuts, Rivets, and Washers

Boilers and Boiler Shop Products

Farm‘Machinery and Equipment

Office Equipment and Machines

Motors, Generators, Electrical Transformers,

Measurers, and Switchboards

Storage and Wet and Dry Batteries

Ship and Boat Building and Repairing

Locomotives and Parts

Tires and Inner Tubes

Motorcycles, Bicycles and Parts

‘Motor vehicles and Parts

Opthalmic Instruments and Lenses

Dental Equipment

‘Musical Instruments
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TABLE 8a

Y1, x2, AND x3 FOR MEXICAN AVERAGES (1961+63) TO

UNITED STATES AVERAGES (1958+63)  
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TABLE 83 (cont'd.)

Industries 
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TABLE 9

SELECTED INDUSTRIES FOR PUERTO RICO AND THE UNITED STATES
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TABLE 15

PARTIAL AND ZERO ORDER CORRELATION COEFFICIENTS:

MEXICO TO THE UNITED STATES

 

 

 

 

 

Arithmetic

Mexico to the Partial Zero Order

United States R12.3 R13.2 R23.1 R12 R13 R23

1956 to 1954 0.30 0.03 0.03 0.30 0.04 0.04

1961 to 1958 0.56 0.06 0.01 0.56 0.09 0.06

1961 to 1963 0.56 -0.03 0.05 0.55 0.04

1966 to 1963 0.62 -0.008 0.06 0.62 0.04 0.07

Averages for

1961+66 to

1958+63 0.52 0.08 0.005 0.52 0.10 0.06

Logarithmic

Mexico to the Partial Zero Order

Uhited States R12.3 R13.2 R23.1 R12 R13 R23

1956 to 1954 0.46 0.11 -0.04 0.46 0.11 0.02

1961 to 1958 0.50 0.12 -0.01 0.51 0.13 0.06

1961 to 1963 0.43 0.07 -0.004 0.43 0.08 0.03

1966 to 1963 0.52 0.13 -0.008 0.52 0.14 0.07

Averages for

1961+66 to

1958+63 0.54 0.18 -O.12 0.53 0.14 -0.03
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TABLE 17

PARTIAL AND ZERO ORDER CORRELATION COEFFICIENTS:

PUERTO RICO TO THE UNITED STATES

 

 

 

 

 

Puerto Rico to Arithmetic

the Partial Zero Order

United States R12.3 R13.2 R23.1 R12 R13 R23

1958 to 1958 0.19 0.09 0.36 0.24 0.17 0.38

1963 to 1963 0.08 0.13 0.27 0.12 0.16 0.29

Averages for

1958+63 to

1958+63 0.40 0.01 0.36 0.44 0.18 0.40

Puerto Rico to Logarithmic

the Partial Zero Order

united States R12.3 R13.2 R23.1 R12 R13 R23

1958 to 1958 0.45 -0.48 0.62 0.22 -0.29 0.52

1963 to 1963 -0.14 0.29 0.36 -0.03 0.26 0.34

Averages for

1958+63 to

1958+63 0.39 -0.17 0.54 0.36 0.06 0.53
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