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SUMMARY

The speclfic purpose of this investlgation is to study
quantitatively the nature of manufacturing lndustry 1n
Mexico and the U.S.A., for the respectlve periods 1939 - 1955
and 1899 - 1915,

The approach to such an obJective 1s to lisolate pri-
mary intervening factors and observe thelr functional rela-
tilonship as related to a measure of activity in manufacturing
industry. The choice of such factors or 1lnputs and the
output measure follows the lines of input-output and produc-
tion functional analyses.

The above methodology 1s much used in econometrics
and the resulting models find applicatlions in the economlc
and 1ndustrial engineering flelds depending on the particular
objectives,

A mathematical model 1s developed for each country,
including flive exogenous varlables for assessing their rela-
tive lmportance in generating manufacturing output. Econcomlc
and statistlical adJjustments are performed on the data for
each variable, The functional relationship 1s hypothesized
followed by reasonable corroboration., Multiple regression
technlques as well as correlation are used to develop the
final forms of the models and the analysis of such models,
The significance of the factors is also studied,

The production elasticltles of inputs, the nature of



returns to each and to the functlon as a whole, and the
quantlitative and economic applications of regression coeffi-
clents are toplce covered, A brlef mathematical treatment
delving into the marginal characteristics of the power
functions (models) obtained is presented. Throughout the
discussion attention is drawn to the formulation of economic
policy and the planning criteria that arise from such
analysis,

The results are useful 1n proportion to the degree of
sophlistication in the methodology applied, The resulting

models are essentlally predictor models,



CHAPTER I
INTRODUCTION

This study 1s an experiment 1in extendlng a relatively
unexploited tool of analytical economics, namely the produc-
tion function,.

The technical relation between various inputs and out-
puts 1s a common englneering problem. The optlmum utilization
of resources for the maximizatlon of output or profilt 1s one
of the primary objectlves of industrial englneering.

The law descrilbing such phenomena 1s in a broad sense
that of the productlion functlion. The quantltative deter-
mination of factors and relationshlps involved in the
mechanism of production can be applied either to a firm or
to a broader economlc sector. Both lend themselves to in-
vestigations involving the production function.

The isolation of factors alone affords grounds for
theoretical considerations. However, thelr quantification
provides a more solid foundation for development of decision
tools for practlcal measurement and application., We appreoach
then an analogy between the operations research approach in
industrizal englneering and econometric methods in the field
of analytical economics.

These two disciplines provide quantitative techniques



for assessing the status of operations in relation to past
performance and in formulating briteria for planning growth
and development,

It is the purpose of this study to analyze the nature
of the manufacturing industry in Mexico and the United States
for the periods 1939 - 1955 and 1899 - 1915, respectively.
These perlods are considered similar 1n the course of econo-
mic development of the two natlions. The selection and
quantification of the main inputs or factors in manufacturing
will then allow us to formulate mathematlical models describing
the laws of production for the periods considered for each
country.

In broad ferms, a basis is provided for Judglng the re-
lative importance of intervening inputs, their specific gquan-
titative contributions to the growth of manufacturing, and
the optimum use or "mix" of resources. The manufacturing
pollicy implications of such models are many.

A detalled discussion of the above problems follows.



CHAPTER II

THE PRODUCTION FUNCTION: BACKGROUND
AND SOME THEORETICAL CONCEPTS

The ploneering work of Professors Douglas and Cobbl in
the third and fourth decades of this century marks the
practical approach 1n attempting to derive laws of production.
They sought to obtain a functlional relationship between physil-
cal output of production 1n manufacturing, and two inputs,

namely, quantity of labor and capltal investment.

Let
P = physical output of preductlion per unit time
C = capital investment per unit time
L = number of wage earners per unit time
then:
P=r¢f (C, L) (1)

Under the assumption that the sum of the exponents equals one,

fhey obtained:
P=rf (C, L} =b cl¥k K (2)

With the use of index numbers and by the method of least
squares, the constants were fitted and the resulting equation

was:



p = 1,01 ¢0:25 1075 (3)

for the period 1899 - 1922 in the United States.

The results computed from this formula agree very closely
with the actual data. However, the devlations become greater
if projections past 1922 are attempted. This limits our pre-
dictor, P, to short range conslderatilons.

Douglas did further work for the State of Massachusetts
and the State of New South Wales, Australia, to test the
valldity of his origlnal results and 1n answer to criticisms
of a diverse nature., To many critics, the inter-correlation
of factors, among themselves and with time, simply invalidated
the results obftailned. However, all of Douglas' studies pro-
duced concordant results, and checks were performed to sub-
stantiate findings. Checks such as formulation of functions
for one specific year for compariscn with the time-seriles
approach were marked by success.

The functions were subjected to mathematical treatment
for derivation of marglnal productlvities and productlon
elasticities for each factor. Such questions as the following
were investigated:

(1) What is the degree of response in production to

changes 1in the quantities of 1labor and capltal?

(2) What 1s the relative influence upon output of

changes in the guantity of labor as compared

with changes in the quantility of capiltal?



(3) Does the actual course of the distribution of the
output of industry between caplital and labor
approximate what we might expect from our analysils
of production?

In time, the economic policy implications of the pro-
duction function has awakened much Interest. The gquantlitative
measurement of variables, tempered by theoretlcal economic
concepts and common sense, might well polnt to declslon models
for practical applications.

The derivation of production functions and estimation
of structural parameters in the equatlons may become a basis
for assessing the real influence of the resources (or inputs)
consldered. We can visuallze the followlng speciflc areas for
investigations of this type:

(1) Quantitative measurement of past performance in

order to provide benchmarks for determining how

efflciently resources are belng used 1in manu-
facturing.

(2) PFormulation of criteria for planning and delinea-
tion of obJectlives 1n analyzing:
(a) Optimum quantity of resources to use, and

(b) Evaluation of importance of particular inputs
in manufacturing.

There are diverse approaches to the adaptation of a
particular productlon function for a particular situation.

They may briefly be described as follows:2



(1) The production function wilth a single input.

Let

Y = output per unit time

X = resource input per unit time
a,b,c = constant coefficlients

then the followlng equatlons are most convenlent:

Y = axP (%)
Y = aX + bX° + oX3 (5)
Y = ax + BYX (6)

and the general form 1s

Y =1 (X) (7)

Equation (4) is a logarithmic function of the Cotb-

Douglas type.

(a)

It has the following properties:

If b 1s equal to one, we say that the elasftl-
clty of production is one, and this means that
we have constant returns accruing to any in-
creases 1in input. This case l1s illustrated

In Flgure 1.

If b is less than one, we have the case of de-
creaslng returns, 1.e., output increases by

a smaller percentage than 1nput and variable
costs per unit increase. This case is

illustrated in Filgure 2.



o

Note:

a = tanoc

N\«
-
X

Figure 1. Production Function wlth Constant Elasticlty of One

vl

o~
X

Figure 2., Production Functlon with Elasticity ILess Than One



(¢) If b is greater than one, we have the case
of 1ncreasing returns, i.e., output increases
by a greater percentage than 1nput and conse-
quently variable costs per unit decline.
This case 1s illustrated in Figure 3.

Equation (5) with the linear, squared, and cubic terms,
has greater flexibility than the Cobb-Douglas function. It
lends 1tself nicely to describe a falrly complex relationship
between input and output as 1llustrated by Figure %4,

Equation (6) with linear and square root terms is an
alternative which may be used instead of Equation (5) for
analyzing a production functlion with varying magnitudes of
elasticity.

(2) The production function with two inputs.

Let
Y = output per unit time
X1= quantity of one 1lnput per unit time
X2==quant1ty of another lnput per unit time
a,b,c,d,e = constant coefficients

then we may conslder the followlng equations:
Y = ax? x; (8)
Y = aXy * pXx] I oex
Y =ax) PEVX foex, * dfX, t XX, (10)

and the general form is



v

X

Figure 3, Productlion Function wlth Elasticity Greater
Than One | |

I
~— A ——=j«B —= Note:

| A: Region where elasticity
| of production is greater
than one,

} B: Reglon where elasticity
| of production ls less

| than one.

|

Figure 4., Production Function with Elasticity of
Varying Magnitude
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Y = £ (X, Xo) (11)

The properties of a production function with two
variable inputs can be visualized by means of an iso-product
contour map. This map consists of a family of curves, each
contour corresponding to a different level of output. The
contour map for a two 1nput production function must satisfy
the following conditions:3

(2) If either input 1s held constant while the
other i1s increased (decreased), output will
increase (decrease),

(b) If output is held constant, a decrease {in-
crease) in one output will require an in-
crease (decrease) in the other input.

{(¢c) If the output 1s held constant, the marginal
rate at which Xl substitutes for X_ increases

2

as X1 increases,

The contour map which satisfies these conditions is illustrated

in Figure 5.
i -
X5 Note: ¥y e Y3 represent

different output
levels or contours,

Y3
Y,

Y3

-
X

Figure 5, Iso-Product Map for Two-Input Production Function
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A further aspect must be explained, e.g., the nature of factor-
factor (input-input) relationships for specific output levels.
These exhiblt the following characteristics:

Case (a): The factors (inputs) are imperfect substi-
tutes; 1.e., both inputs must be employed in
some proportion for a given output. Further-
mcre, they can be substituted without limit.
The following dlagram illustrates this

condition:

Figure 6. 1Iso-Product Map for Imperfect Substitutes

Cagse (b): The factors are perfect substitutes, i.e.,
one factor may completely substitute another
in producing a given output. The following

diagram illustrates this condition:



e
X

Figure 7. Isc-Product Map for Perfect Substltutes

Case (c): The factors are limitational inputs, l.e.,

if a specified gquantity of product 1s to be
produced then a certain unique quantity of
each input must be used. Excesses of any one
input contribute nothing to production, whille
shortages of any one input limlit the output
that can be produced. The following diagram
will 1l1lustrate this condltlon:

X, A Note: The segment AB
represents the
excegses of 1n-

A put X% at output

yd zaa he segment

Y3 BC represents
B the excesses of
C YE input X, at out-
/ DU. t Y2 e
e ¥

i
%

Figure 8. Iso-Product Map for Limitational Inputs
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Case (d): The factors can be substituted for each other

but not without limits. The following diagram

11lustrates this condition:

Figure 9. Iso-Product Map for Limited Substitutlon Inputs

The diagram tells us that it 1s not possible t0 pro-

duce output Y. with less than "a" units of input X,, mnor less

1

than "b" units of input x2,

(3) The production function with multiple inputs.

If the number of inputs 1s three;, four, five, and
80 on, the most commonly used equation 1s the Cobb-
Douglas productlion function. Thus, for example, for

four inputs we have:

d
3

b,¢C e
Y = aX; X5 X X, {12)

In the above equation, a 1s & constant while the expo-

nents b,c,d, and e indlcate the nature of returns for 1its
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corresponding resource., If "b" is less than one, an increase
in Xy will result in diminishing returns to the particular
resource. For "b" equal to one, we have constant returns for
increases in X;; and for "p" greater than one, we have in-
creasing returns for additlons of resource X,

The nature of returnsrfor the entire equation; 1l.e.,
for all the factbrs combined, 1is obtailned by adding the ex-
ponents (b+c+d+e). The same conditions will hold for this
sum as mentioned above for the individuzl exponents (elasti-
cities).

A power functlon along the lines of the Douglas-Cobb

type may for purpose of illustratlon be:u

vy = 8,0 g0 T4 (13)

We are using only one factor-input (F) for the output (Y).

In the logarithmic form the equation would be:
Iog Y = 0.90309 + 0.7944 Iog F (14)

An immediate indication of returns 1s given by the exponent

or elasticity of production .T7944,

—'%E% = 40,794k (15)

Since it 1s less than one, decreasing returns are Indicated
for this hypothetical example.

Questlons related to the optimum amount of output and
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efficient use of resources have as thelr foundation the study
of "marginal conditions." Such conditions imply the addition
of each input for the production of a certain output until the
additional input faills to pay for its corresponding additional

cost. Again, a simple power functlon such as
Y = ax™ 2P (16)

may be used for marginal analysis.

The marginal productivities of the individual inputs

are
9% = axzt x> (17)
2% Lapxzf? (18)

Inferences from production functions help make declsion rules
specifying the use of thils or that resource and whether more
or less of each should be used. The criferia will be marginal
product and factor-price relations that will be mentioned
later.*

It is not possible to consider all of the theoretical
concepts related with power production functions within the
scope of this study. An attempt has been made to reveal some
of the findings in the known research with a brevity that it

1s hoped may clarify some of the ensuing methodology.

*Infra., p. 58.
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CHAPTER III

THE MANUFACTURING SETTING IN MEXICO (1939-1955)
AND IN THE U.S.A. (1899-1915)

To study the manufacturing "plant" in both countries,

g similar perlod had to be chosen., The criferia for selection

were: (1) avallability of data, and (2) analogous position

In the rural-urban population balance.,

The periods 1939 - 1955 and 1899 - 1915 were selected

for Mexico and the U.S.A.,, respectively. 1In general we were

able to obtain data for these years; and in those cases where

only scattered years were quantlfied, the curves were plotted
and the values interpolated to complete the sets of data,

The sources for Mexico differed widely and therefore those
which seemed most reliable were consulted.

The rural-urban population proportions are shown in

the following table:

Table 1. Rural-Urban Population Propeortions
in Mexico and the U.S.A.

Rural Pop. Urban Pop.
Year Number % Number %

Total

1840 12,757,411 64.9 6,896,589 35.1 19,654,000
1950 14,806,623 57.4 10,984,504 42,6 25,791,017



17

Table 1. (Continued)

Rural Pop. Urban Pop.
Year Number % Number % Total

U
1900 45,834,654 60.3 30,159,921  39.7 75,994,575

1910 49,973,334 54.3 41,998,932 45.7 91,972,266

Sources: J. 0. Ochoa, Poblacion; Primera Ediclon, Mexico,
D. F., Fondo de Cultura Economlca, 1955, p. 37.

Historlcal Statistics of the Unifed States, U. S.
Department o Commerce, Series B 145-159, p. 29.

The movement of population from rural to urban areas
indicates a similar pattern of growth for both countries since
we reasonably assume Industry and manufacturing to be con-
centrated in urban centers.

Mexican manufacturing industry 1s consldered to lInclude
the Following sub-categoriess (1) cotton textiles, {2)
woolen, (3) rayon, (4) clothing, (5) flour milling, (6) beer,
(7) canning and processing foods, (8) vegetable oils, (9)
sugar, (10) iron and steel, (11) cement, (12) glass, (13)
shoes, (1%) soap, (15) tobacco, (16) matches, {17) rubber,
(18) paper, and (19) alcohol, and various other industries
which fall under the category of "Transformation Industries"
in Mexican statistics. 1In every case, data were secured at-
tempting to cover similarly classified industries for both

countries,
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The whole of the manufacturling 1ndustry, as in the
case of its smaller counterpart--the manufacturing flirm--
revolves about economic as well as institutional factors.
Data that might reflect such complex factors have been col-
lected. Those that appear to be more relevant are tabulated
belqw. The other data will he found in the Appendix in
Table 16 through Table 24,

The setting of manufacturing 1s clarified further if
we observe the followling phenomena:

(1) Investment in manufacturing industry as a per

cent of total national investment.

(2) Contribution by manufacturing to gross national

product.

(3) Employment in manufacturing as compared to other

sectors.

(4) Overall index of physical volume of production

in manufacturing.

(5) Productivity index based on physical output and

manufacturing employment indices.

The percent investment 1n manufacturlng industry in
Mexico for 1939 - 1950 was 22 per cent and approximately the
same for the U.S.A, for 1899 - 1915,

The contributlions to gross national product for the
same periods were 17 and 20 per cent for Mexico and the U.S.A.

respectively.
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Table 2 gives an interesting picture of the employment

in manufacturing relative to the gainfully employed population,

Table 2. Manufacturing and Agriculture:
Distribution of @Gainfully Employed Population
(in thousands)

Employed 1n Employed in Gainfully
Year Manufacturing Agriculture Employed
Number % Number % Fopulation
M
1940 630 12 3,626 68 5,352
E
1950 973 12 4,824 58 8,346
X
—
1900 6,090 21 9,552 33 29,025
S
1909 8,446 22 11,599 31 37,454
A

Sources:; United Nations Yearbook; 1957, Table 6, p. 54,
United Nations Yearbook, 1948, Table 7, p. 6.

Historical Statistics of the United States, U. S,
Pepartment of Commerce, Series D bo-7b, p. 65.

The discrepancy between rural-urban population per-
centages and those describing the actual employment in
agriculture and manufacturing were due to other sectors in
the economy which absorb the difference in gainfully employed.
Most noteworthy is the sector of commerce. The latter occu-
pPles a large percentage of those gainfully employed in

Mexico which might otherwise be participating in manufacturing



20

Industry. Other sectors that deduct from the possible number
of workers that might be assoclated with manufacturilng are
mining and construction. However, Table 2 does point out that
equality of circumstances as far as real manufacturing
potential is concerned does not exist for the corresponding
periods studied. We would have to retrace our steps to
conditions in the U.S.A. in the 1860's. This has been
brought out clearly by M. German Parra, a noted Mexican
economist.5 There is a counter-balancling factor, however,
that would reduce the difference in states of development
and that is the level of technology. Techniques and methods
that were not avallable at the beglnning of the century are
avallable today to evolve an accelerating growth of industry.
As a final comment, the tendency for Mexico to follow the
line of transformatlon from an agricultural to an industrial
economlic structure 1s indicated by the decrease 1n employ-
ment in agriculture from 1940 to 1950. All other evidence
clearly supports this transition.

| Again an analogy may be drawn between small scale
operations and the aggregate manufacturing "plant." 1In
determining alternative methods of production and analyzing
the general condition of operations of an enterprise, we
might look into: |

(1) Output per worker
(2) Output per unit of capital invested

(3) Amount of labor per unit of output
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(4) Amount of capital input per unit of output

(5) Ratio of capital per worker

From physical indices of productlon we have calculated
the coefficients of production for manufacturilng industry in
Mexico and the U,S,A,, as shown 1n Table 3.

Let

C = Accumulated capltal additions to flxed capital
(machinery and equipment)

P = Physical volume of production

L = Wage earners Iin manufacturing industry
All indices are caleculated with 1939 = 100 and 1899 = 100 as
hase years.

The slightly higher productivity for Mexico (P/L), or
estimate of the ouiput per worker, is probably due to the
advantage of a much improved technology over that which
exlisted 1in the first decade of the century.

Of the obvious points brought out by Table 3, we note
the capital-intensive nature of industrial development in
Mexico, The ratios C/P and C/L give such an indication.
However, the P/C ratio might indicate excess capacity for
under-utilized equipment and/or inefficlent use of installed
facilities. The P/L ratio should be proportionately higher
1f full advantage were being taken of current {(1950) techno-
logy in the process, managerial, and administrative areas.
In the United States, given the slow increase in productivity

(P/L), the proportionality of the various factors 1s more



Table 3.

Coefficients of Production

Mexico (1939 - 1950)

U.S.4, (1899 - 1910)

Year p/C L/P C¢/P C/L P/L Year p/C L/P C/P C/L P/L
1939 1.00 1.00 1.00 1.00 1.00 1899 1,00 1,00 1.00 1.00 1.00
1940 .56 1.01 1.79 1.78 .99 1900 94 1,04 1,06 1.02 .96
1941 42,95 2,35 2.50 1.05 1901 .98 .98 1.02 1,04 1,02
1942 40 .92 2.47 2,70 1.08 1902 1.00 .97 1.00 1.03 1.03
1943 34 .95 2,94 3.12 1.05 1903 9% .99 1,06 1,06 1.01
1944 .28 .93 3.51 3.84 1.07 1904 .88 .95 1,13 1.19 1.05
1945 .23 .89 4.3% 5,00 1.i2 1905 96 .87 1.04 1,19 1.15
1946 .17 .91 5.74 6.25 1.09 1906 .93 .88 1.07 1.22 1.1%
1947 .12  ,92 8.10 9.09 1.08 1907 .86 .91 1.16 1.28 1.10
1948 .10 .92 9.48 10,00 1.08 1908 .68 .96 1.47 1.53 1,04
1949 .10 .90 10.21 11,11 1,11 1909 78 .90 1,28 1.41 1.11
1950 .10 .84 10.07 12.50 1.19 1910 76 .90 1,31 1.44 1,11
Sources: Comision Mixta, El Desarrollo Economico de Mexico, Nacional

Financiera S,A., Fondo de Cultura Economica,
Douglas;, P. H., Theory of

Company, 1934, Table

s Do

s P. 231.

1st Ed.; New York, The MacMililan

e
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balanced as 1is tc be expected., We pointed out previously
that there do exist basic dilssimilarities in the period
studied.

Mention may be made of further differences, some of
which come under the classificatlon of institutlonal factors.
They ares (1) saving bablts, (2) educational and training
facilities, (3) size of the market, (%) transportation,

(5) credit and capital availability, (6) entrepreneurship,
(7) resource availability, (8) taxation, (9) industrial re-
search and exchange of information, and (10) other socilglogi-

cal factors.
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CHAPTER IV

CONSTRUCTION OF THE MODELS

Having chosen the periods, we proceed with the develop-

ment of a mathematical model 1n order to quantify the produc-

tion relationships. The conceptual framework of the manu-

facturing unit is to be translated 1nto broader terms,

because insofar as 1nput and output are concerned, the

mechanlsm is essentlally the same. In the realm of the

plant we deal wilth inputs such as:

(1)
(2)
(3)
(%)

(5)

Capital (fixed, working)

Materials (raw, semi-finished)

Labor

Management (organizational techniques, applica-
tion and development of existing technology, etc.)

Power

We may visualize an input-output system with a slmple

iconic model,

INPUT

CAPITAL-
MATERIALS
LABOR

MANAGEMENT

POWER

TRANSFORMING UNIT OUTPUT
i
o
S PLANT ———————=— PRODUCT
A
\ ot

Flgure 10, Iconic Model of Production
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A transforming unit, i.e. the plant; 1ls fed production factors
(inputs) for the purpose of creatling an output or product.
This is8 a rudimentary concept and 1s the basis of our analysis.

In the analysis of manufacturing industry as a macro
system, our input components are considered in terms of
guantifiable factors in the aggregate. It 1is well to note
that institutional factors are always exercising their in-
fluence, but thelr vefy nature makes them unquantifiable.
Such factors are management and the state or development of
technology. We will comment on these later.”

The fundamental factors chosen are then:

(1) Total capital investment

(2) Wages and salaries

(3) Raw material consumption

(4) Power consumption
The endogenous variable we wish to investigate 1s our product
or; in this case, manufacturing output. The factors are not
all-inclusive, but represent the essentlial inputs in manu-
facturing industry. For an exploratory 1nvestigation in the
aggregate they are readlly measurable., If a single firm
were to be analyzed, a more minute breakdown would seem
advisable. Furthermore, with a regression model relating
inputs and output, it is recommended that the number of
varliables be reduced to a practical minimum to avold loss of

accuracy in the predictive or structural model.

*Infra., p. 27.
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At this point we observe that a classical function of
the following type may be applled to assoclate the component

parts of our system:

OQutput = f (inputs) (19)

Manufacturing output = f (Xy, X5, °** Xp) (20)

where n number of inputs
The measurement of each input factor should be oriented

toward satisfying the requirements of our larger producing
unlt--the whole of manufacturing industry. The units of each
variable were chosen in the currency of the particular
country involved (pesos and dollars). For both models
(Mexico and the U.S.A.), data were obtained for each factor
by interpolating fitted curves to isoclated figures available
over the respective periods studied. The ocbvious nature of
the growth and development tendencies within both naticns
simplified the collectlon of data by this method.

| Total capital investment figures include all fixed
asset Investment at current prices with the exception of land.
We consider in this 1tem that capliltal which aids directly
in-the production of goods, and this becomes our criterion
for measuring this factor. The value of wages and salaries,
raw material, and power consumed by manufacturing were oh-

tained by methods similarly employed for capital investment.

The more reliable sources were chosen at the writer's
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discretion and rarely were the data available for successive
yeare for the periods 1investigated., Enough observatlons were
available,'however, to determine curve characteristics 1in
each case,

We have to contend wifh two long-run dilsturbances that
would affect our input-output function. They are: (1) time,
the dynamic factor, and (2) the changing value of money.

We include time as a factor absorblng the advances 1n
management and technology and other factors not considered
explicitly in our analysis. Time 1s not a causal factor I1n
1tself. The effect of the value of money was compensated
for by defléting all data in both models by the purchasing
power indices with 1939 = 100 and 1899 = 100 as base years,

The aggregate study, as implied by fthe comments made
to this point, 1s facilitated by the use of 1index numbers.
All data have been transformed to the indices with 1939 and
1899 as base years of one-hundred. This applles to dependent
and independent varlables. 1t was found that percentage
changeg are more meaningful than natural numbers in produc-
tion analysis.

The next step was to plot each of the output-input
relationships to ascertain the product-factor function rela-
tionships.

The varlious time serles for Model I - Mexico were
highly irregular. Reference to the plots in Figures 11 - 1i
will bear this out. Analysls of the data was handled by the
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Graphic Scaffolding Method.6 The method entalls brilefly the
following steps:

(1) Assume a reasonable curve to describe the product-
factor ploft.

(2) The eye-fitted curve should pass through the
mean c¢f the two serles.

(3) Each cbservation is measured for its deviation
from the hypothesized relationship.

(4) These deviations are plotted from a zero base
line as shown in Figure 15.

(5) A new set of observations 1s obtained for which
an estimated curve 1s fltted by eye to satisfy
the new plot,.

(6) The resulting curve gives us the characteristics
of the time element in the data, i.e., linear
or parabolic.

(7) The deviations of observations from the fitted
curve on thls new plot are replotted on the plot
of original data to obtain corrected observations
(after the exclusion of time).

(8) The modified observations according to step (6)
are scrutinized for adequacy of fit of the hypo-
theslized function in the original data,

We hypothesized a linear fit in the logarithmic trans-

formation of each product—factor plot for the Mexican data,

The new plots of the deviations were found to be parabolic,
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Note:

The value pq 18 obtalned
from Figure 12.
The value pr is obtained
from Flgure 15.

Then the quantility pg-pr
is replotted on the
original graph, l.e.,
Figure 12, to verify
first hypothetical fit.

Graphic Scaffolding Method
for Figure 12
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and therefore time was considered to enter as a second degree
term according to the method of Schultz.7 The corrected ob-
servations were found satisfactory after eliminating the time
element and we therefore accepted each product-factor associa-
tion as linear in the logarithmic transformation.

The data for the U.S.A. were lmmediately linear in
the logarithmic transformatlion wlth the exceptlon of the
product-factor pleot for manufacturing output-power consumption
as shown in Figures 16 - 19. The nature of the latter rela-
tlonship was found to be parabolic in the third degree. For
the U.S.A., time as a factor was agaln Investigated by the
method described above. There arose an interesting problem
at this polnt, The scatter of the deviation plots did not
indicate a specific functlon for time. The time serles could
not be devold of a dynamiec factor and another procedure based
on Tintner8 was employed. Each variable was plotted against
time 1in the logarithmlc transformation with the original
index data. 1In every case we observed a parabolic relation~
ship as shown in Figure 20, We concluded that time should
enter in just such a form, 1l.e., parabolic 1n our regression
function. Our curlosity is aroused by the comparison to be
obtained by using these two approaches 1n analyzing the ftime
factor. It was decided that the final models would be our

measure of effectiveness for judging the Schultz and Tintner

methods.
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Let

= value of manufacturing output
= value of capital investment
value of wages and sélaries

= value of raw materlals

value of electrical energy or power

o H W = Q v
i

time (with 1939 for Mexlco and 1899 for the
U.S.A. as the origin).

We have seen that ocur Input-output system may be defined as:
Manufacturing Output = f (Xl, Xo, °°° Xn) (21)

then
P=+f (C, W, R, E, t) (22)

for Models I (Mexico) and II (U.S.A.).
Our dynamlc productlon function takes the hypothetical

form:

p =ac®ul g* g% ¢* (23)

This function is baslically of the Cobb-Douglas type. Some
further reasons for our choice of such a functlion are:
(1) It yields production elasticltles readily.
(2) The phenomenon of decreasing, increasing, or con-
stant returns 1ls exhlbited with the use of fthe
least complicated function,

(3) It is applicable to our index data, our multiple
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inputs, and readily permits the study of changes
in factors.
(4) Previous research found it to be adaptable to
multiple regression techniques in the logarithms.
The two models speciflcally synthesilzed for each
country with their foundation on the analysis of the factors

as described in this secflon are:

(1) Model I - Mexico (1939 - 1955)
Let X5 = log P X5 = log E
X, = log C Xg = Mt¥
X3 = log W X, = M2
Xy = log R k, = log a
M = logloe*

We have then

Jlog P = Log a + o« Log C + @Logw
+ A Log R+ & IogE + € Mt

+ ¢Me? | (24)
or
:{1=k.o+o<x2+ﬁx3+)gx4
+ & X5 + € Xg + $x- {25)
and in the multiplicative form:

2
paac® w BRA S e EUHT (26)

*The methodology of Graphlc Scaffolding as described by
Schultz prescribes the use of These elements.
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Model II - U.S.A. (1899 - 1915)

Let Xy = log P Xs = (log E)2
X = log C X7 = (log E)3
K3 = log W Xg = log t
Xy = log R Xy = (log t)2
X5 = log E k, = log a

and if we recollect that the two modifications in

thls model as compared to Model I - Mexlco are:

() Log P =1f (log E) = a + Log E
+ (Log E)? + (Log E)3 (27)
(p) Log P =+f (Logt) =2a + 1og ¢t
+ (Log t)? (28)
we have

log P = Log a + @< Log C + (3 Log W

+ AIogR + & Log E + € (Log )2

+ $(log E)7 + I Log t

+ K(Log t)° (29)
or
Xpo=ky v x,r Bxgex + Sx
+ € Xp + ¢ X, + IXg + KXg (30)

and in the multiplicative form:
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2
p = ac™ wh gr* g% 10 €(Log E)

10#(Log E)3 (I 1oK(Log )2 (31)

We are now in a position to predict the total output
curve or surface as a regresslion equation. The regression
coefficients or elasticities are to be solved by means of
multiple regresstion methods. The IBM 650 electronic com-
puter.was used for this purpose with the assistance of the
Multiple Regressilon Sub-Routline ST-01, Thls sub-routine
supplies the following information: (1) mean of each factor
time series, (2) standard error of each factor, (3) partial
correlation coefficients, (4) regression coefficients, (5)
standard error of regression coefficlents, {(6) zero-order
correlation matrix, and (7) predicted values for the endo-
genous varlable 1n our regression model.

The models developed appear below:

Model I - Mexico (1939 - 1955)

Xy = 0.43040 + 0.51456x2 - 0.41493X3
+ o.33686xu + 0.31929x5 + 0°101”0X6

- 0.00372Xy | (32)
or
P = 2,6940c051456 -0.41493 f0.33686

] — 2
gC.31929 eO.lOlltOt 0.00372¢t (33)



Model II - U.S.A. (1899 - 1915)

X, = 2.86765 + 0.16195X, + 0.39537%5
+ 0.37697X), + 3.8107hX; - 1.61273Xg

+ 0.22857X7 - O°00718X8 - 0.02027X9

or

P = 0,00737¢0-16195 0.39537 g0.37697
53.81074 10-1-61273(Log E)e

0.22857(Log E)3 ,-0.00718

10 t

10-0.02027(Log t)2

By

(35)

The analysls of the models 1s consldered in the next

chapter.
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CHAPTER V
ANALYSIS OF THE MODELS

The analysis of our models should be oriented so as
to permit sound conclusions, Furthermore, we must keep in
mind that our obJectlve is to find which relevant factors
came into play 1in the development and growth of manufacturing
output in each country during the perilods studled. Thils in-
vestigation 1ls comparative insofar as we can lsolate the
basic differences as brought out by the model structures.

1. The goodness-of-fit of our output surface is
estimated from the unblased estimate of the value of the

standard error.

S L (36)
1.2-»n N - n_
where
§ = unbilased standard error of the estimate
N = number of observatlons
n = total number of variables

variance of residuals

0>
The closeness with which the estimated values agree with the
original values is shown in Table 4,
2. To obtain the unbiased estimate of the multiple

correlation coefficients we apply:
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= §§n N -1
Rl.geen =1 - (T:fg——)( N ) (37)

where
ﬁl 0..n = @djusted coefficient of multiple
: regression
CF12 = standard error of the dependent

variable

= —‘[ 2
Ri.2..n = | Rl.2.un (38)

This willl give us the proportlon of the variation in the
dependent factor which can bhe explained by, or 1s assoclated
with, variation 1n the independent factors. We may then test
for the silgnificance of this coefficient (ﬁl,2==n) and there-
fore that of the linear relationshlp existing in our re-

gression equation. The ratilo

=2
F = Rloenon (N - D) (39)

(1 - RS ,..,) (n - 1)

is Snedecor's "F" with (n - 1) and (N - n) degrees of freedom,

We test the null hypothesls

H = 0

of PRi,2..n
with the alternate
Hy: Ry p..pn #0

If we reject HO, our multiple regression coefficient is
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significantly different from zero and there exlsts a linear
relationship in our function, l.e., the goodness-of-fit
obtalned is adequate.

3. The square of the coefficient of multlple corre-
lation, ﬁe, is the coefficient of multiple determination
which indicates that proportion of the variance 1n the
dependent variable which has been mathematically accounted

2

for. The calculated values of R and R° are shown in Table 4,

4, The partial correlation coefficients (r,,) are

1]
measures of the importance of each of the individual variables
taken separately, while simultaneously &llowing for the
variation associated with the remaining independent variables,
To put it in another manner, these coefficients are an indi-
cation of the extent f£o which that part of the variation

in the dependent variable which was not explained by the

other independent factors can be explained by the addition

of the new factor. We thus obtain the relative imputed
importance of each factor as related to value of manufactur-
ing output. The calculated values of rlJ and rfa are

shown in Table 5.

5. The regression coefficients (blj) are to be tested
for significance to Justify their existence, so-to-speak,
within the hypothesized function. The test will be applied
with a null hypothesis that in the populatlon the regression

coefflcient is zero as follows:



Table 4. Multiple Coefficients for Regression Models

MODEL DEP. IND. STD.ERROR  COEFF,OF MULT,  COEFF, OF MULT.
VAR. VARIABLES S1.pesp CORRELATION K DETERM, Re
L 2 8 86042
MEX. P C,W,R,E,Mt, Mt 0.0099 0.99301 0.98604
11 2 g3 .t 2 6 6 b
U.5.8. P C,W,R,E,E°,E°, t,t 0.00062 0.9999 0.99992

a Significantly different from zero at 1 per cent level

b Significantly different from zero at .l per cent level

g



Table 5. Relative Importance of Indlvidual Factors
Affecting Value of Manufacturing Output as
Indicated by Coefficient of Partial Correlation

MODEL I - MEX. MODEL II - U.S.A.
FACTOR® COEFF.OF PART, REDUC.IN UNEXP. FACTOF COEFF.OF PART, REDUC,IN UNEXP.
ADDED ~ CORRELA. (ry;) VARIANCE (rf;) ADDED CORRELA. (r;,) VARIANCE (rf))
c 0.33 0.11 c 0.14 0.02
W -0.20 0.04 W 0.28 0.08
R 0.16 0.03 R 0.50 0.25
E 0.36 0.13 E 0.48 0.66
Mt 0.53 0.73 g2 ~0.146
Mt2 ~0.67 E3 0.46
t -0.21 0.35
t2 -0.56

a All other factors are considered, but thls 1s the factor added which directly
influences the reduction %? the unexplalined variance of the dependent varlable
P by an amount equal to rlJ'

64
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Hyt o4 = 0; (3=O; A = 0, etc,

where o< , @ s, A , etc., are the regression coefficients of
the populatilon.
The alternate hypothesis 1l1s:

Hy: o< £0; B £0; AFO, ete.
Formula

g, =215 Py (40)

/ablj

1J

is used for the signiflcance tests, where

llbl = standard error of the rggression
coefficlents. ‘

The tj4 are distributed as the Student's "t" with (N - n) de-
grees of freedom.

If we should reject H,> we wlll consider the regression
coefficients as gignificant and can conclude that there pro-
bably is a linear relationship between X1 the dependent
variable, and XJ (Qhere J = 2,3--°n), the independent vari-
ables in question. Our obJective will be to flnd at what
level they do become significant. Please refer to Tables 6
and T.

From the standpoint of manufacturing policy, tests of
significance indicate when a given factor of production is

likely to influence the value or amount of the output.



Table 6. Model I - Mexilco: Regression Coefficients (blj)
and Their Standard Errors (Zlblj)
CAPITAL WAGES-SAL. RAW MAT, POWER TIME
c W R E Mt Mt2
X5 X3 Xy X5 Xg X7

REGRESSION COEFFICIENT 0.51456 -0.41493 0.33686 0.31929 0.10140 -0.00372

STANDARD ERROR 0.46044 0.62899 0.65013 0.25986 0.05074 0.00130
t-VALUES 1.11753 -0.65967 0.51814 1.22870 2,00000 -2.86153
a b C d e : £

a Slgnificant at the 30 per cent level
b Significant at the 55 per cent level
¢ Significant at the 65 per cent level
d Significant at the 25 per cent level
e Significant at the 10 per cent level

f Significant at the 2 per cent level

16



Table 7.

MQdEl II - UnSvo:

Regression Coefficients (b
and Their Standard Errors (Ziblj)

13)

CAPITAL

C

Xp

WAGES-SAL., RAW MAT.

W
X3

POWER

TIME

Xy

X5

E
Xg

t2
X

REG.COEFF.
STD ,ERROR
t~-VALUES

0.16195

0.38979
0.41548

0.39537
0.48638
0.81288

b

0.37697 3.81074

1.61394

c

1 0.23357  2.49705

1.52609
d

-1,61273
1.08787

-1.48246
e

0,22857 -0.00718

1.57985 0,01172

0.14467 -0.61262

f

g

-0.02027
0.01065

-1.90328
b

o @

2 o

o ® = o

Slignificant
Significant
Significant
Significant
Significant
Signlficant
Significant

Slgnificant

at
at
at
at
at
at
at

at

the
the
the
the
the
the
the

the

TO per
45 per
15 per
20 per
20 per
90 per
55 per
10 per

cent
cent
cent
cent
cent
cent

cent

cent

level
level
level
level
level
level

level

level

A
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It is pertinent to point out that some of the statisti-
cal analyses used have a dubious validity when we deal with
small samples in time series.

6. The elasticities of production with regard to each
production factor or independent variable are 1nvestigated
fo determine the nature of returns accruing to each factor
as the rest are held constant.

The derivatilon of the elasticities follows:

glven

X, =k, + = Xy + (3){3 ----- 4+ €X, (41)
then

©X, _ 2 (Log of Output) _

7%, 5{Tog oF IHput) b1y (¥2)
where

blj = regression coefficient or elasticity.

In investigating the nature of returns to each factor,
we may inquire 1if we have constant, diminishing, or in-
creasing returns to scale. The following conditions will
hold for each case regpectlively:

we have constant returns for factor XJ
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it by {1

we have diminishing returns for factor XJ

i by 1

we have 1ncreasing returns for factor Xj

Along similar lines, the entire regression functilon 1s
investigated for the characteristlcs of returns but taking
all the primary factors 1in combinatlon. The whole of our
equation is analyzed producing an overall picture of manu-

facturing industry. The following conditions would be appli-

cable:

n
if 22 by =1
J=2

we have total constant returns

n
11 = pyy L1
3=2

total returns lncrease at a decreasing rate

n
0 = ny >
3=2

total returns increase at an increasing rate
where J .._223 sosea 13

The above analysls peints to such aspects as:
(a) Emphasis on stressing low-return factors within

the manufacturing sector.
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(b) Creating an awareness for problem areas as shown
by unexpecfed or malignant nature of returns,
(¢) 1Indication for optimum use of resources.
(d) Overall view of the efficiency of our "plant'--
in this case manufacturing industry.
Before such analysls can take place, the model structures
must be put in comparative form. The two models in the ori-
ginal form are as follows:

Model I - Mexico:

P = 2=694000°51456 W—O.41493 RO.33686

£0.31929 ,0.10140t-0,00372t2 (43)

MOdel II - U.S-Aog

P = 0.00737¢0-16195 (j0.39537 £0.37697
73.81074 ;4-1.61273(Log E)2+0.22857(Log E)3

£-0.00718 ;4-0.02027(Log t)? (44)

| The power factor (E) in Model II - U.S.A. should be
modified to obtaln an equation which will be comparable in
relation to elasticities., Reference to Figure 19 (page 38)

will show the product-factor relationship to be:
Log P =a + Log E + {(Log E)2 + (Log E)3 (45)

If we define the elasticity of production to be:

- pbercentage increase in output
percentage Increase in input
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we can estimate the elasticity for the output - power input
relationship. This may be exhibited by a series of "elasti-

city rays" as shown below 1in Figure 21.

|
g Note: e, = slope of R;
g €y = slope of R2
e. = slope of R

1 3 3

; /B el_> ey ) e3

o / / Ra

u

: /7

» y / A3

t

(P) ’// e

(/2

Log of Input (E)

Figure 21. "Elasticity Rays" for Power Input

The minimum elastlcity, 1.e., the worst possible condition,
is the ray passing through the observations for the year
1915 in our data for power inputs. The elasticity for power

input under these conditions is:

_ 2.23553 = o,
e = S:E99gg - 0-8899%6
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In comparative form, the modified U.S.A. model can be stated

as follows:

Model II - U,S.A., (modified):

P = 0.00737¢0-16195 0-39537 g0.37697

£0-88996 4 -0.00718 1(-0.02027(Log t)2 ;g

Tables 8 and 9 show the nature of returns for indivi-

dual and combined use of productive factors,

Table 8. ©Nature of Returns for
Individual Production Factors

MODEL I - MEX. MODEL II - U.S.A. (Mogd,)
C C
W W
R R
E E
Table 9. Nature of Returns for
Combined Use of Productive Factors a
MODEL I - MEX, MODEL II - U.S.A. {Mod.)
n n
:EE byj = 0,75578 :EE by = 1.80%25
J=2 j=2

a This 1mplles the characteristic of returns for the entilre
function, l.e., the whole of manufacturing industry.
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T. We can investigate the marginal characteristics of
our power function for Mexico (Model I - Mexlco) in the fol-

lowing manner:
gilven the function

2
< B A 8 e€t+¢t

(a) The marginal productivity (MP) of C is given by

I A (47)

2
t
Eé. e ¢ +¢t = constant = ¢

(b) The (MP) of W is

2F - ap wf -1 (48)
where
2
acd‘ RA‘ Es e et+¢t = constant = 4

(c) The (MP) of R is
PP A -1
e hA R (49)

2
P E:S e £t+¢t = constant = h
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(d) The (MP) of E is

..?_Ei - k §g 8-1 (50)
where
2
aC°< Wﬁ Ra' e Et+$t = constant = k

The constants ¢; d, h, and k are evaluated at the
geometrical means of the inputs for a specific year t. We
are then able to estimate whether we have been using too much
or not enough of a specific resource if we subject our (MP)

values to fthe following conditlons:

Let
(M), = marginal productivity of factor "j",
Py = market price of factor "jJ",
then 1if
(MP), > P, (51)

more of this resource should be used.

If

(mp), <'py (52)

smaller quantities of this resource should be employed.
The pJ values are difficult to obtaln for aggregate

investigations, but with basic data, weighting for amount of
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material or wage earners in specific sectors, price levels
approximations to actual pJ“S may be obtailned.

8. As a last point of analysis, the simple correlation
coefficients ryj (where 1, j = 1, 2 --+ n) are tabulated in
Tables 10 and 11 to demonstrate the degree of correlation be-
tween pairs of variables or factors.

Discussion of the models, based on the analytical
methods outlined 1n this chapter, is considered in the next

chapter.



.Table 10, Zero-Order Correlation Matrix
for Model I - Mexico, 1939 - 1955

Value of Total Wages & Raw Mat, Power T1ime
Mfg. Output Cap. Invest. Salaries Consump. Consump.
Xy X, X3 X, X Xg X7
Xq 1.00 -0.67 0.39 0.88 0.81 0.81 0.68
X2 1.00 0.00 -0.58 -0.77 -0,95 -0.92
X3 1.00 0.71 0.56 0.28 0.32
Xy 1.00 0.86 0.78 0.72
X5 \ 1,00 0.92 0.92
X6 1.00 0.97
XT 1.00

19



Table 11,

Zero=-0rder Correlation Matrix

for Model II - U.S.A., 1899 - 1915

Value of

Total Cap.

Wages &

Raw Mat.

Mfg.Output Invest, Salaries Consump. Power Consumption Time
X1 X5 X3 Xy Xg Xg X7 Xg Xg
X1 1.00 0.99 0.99 0.99 0.90 0.89 0.88 0.96 0.99
X, 1.00 0.99 0.99 0.89 0.88 0.87 0.97 0.99
X3 1.00 0.99 0.89 0.88 0.87 0.96 0.99
Xy 1.00 0.90 0.89 0.8 0.96 0.99
Xg 1.00 0.99 0.99 0.80 0.91
Xg 1.00 0,99 0.79 0.90
X 1.00 0.78 0.89
Xg 1.00 0.96
Xg 1.00

c9
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CHAPTER VI
DISCUSSION OF THE MODELS3

The pertinent observatlons on analysis of fthe results
are enumerated below,

1. The goodness-of-fit of our output surface 1is, in
our estimation, fair for Model I - Mexico, and very good for
Model II - U.S.A., as indicated by the standard error of the
estimate §1.2°°n' We can observe from Table 12 the actual
and predicted values for the value of manufacturing output
and further Judge our accuracy. The standard error of our
estimate ?‘15 approximately five points for Model I - Mexico;
whereas, on the other hand, the error 1s negligible (approxi-
mately 0.1 points) in Model II - U.S.A.

2. We have been able to explaln practically all the
variation in the dependent factor assoclated with the varia-
tions in the independent variables. As indicated by the
coefficlent of determination, we have accounted mathematically
for 99 per cent of the variance in our output factor {refer
to Table 4) in our models.

3. The significance test for the linear relatilonship
in our regression equation is highly significant and such a
relationship clearly exists for both models,

4. As each specific factor 1s added to our function,

we can reduce the unexplained variance 1n our output and



Production (P) and the Estimated Index (%) for Both Models

Table 12.

Comparison Between The Actual Index of

Model I - Mexico {1639 - 1955)

Model II - U,.S.a. (1899 - 1915)

Actual Est. D Per Cent Actual Est. . Dev Per Cent

Year ggggit qufx (ﬁfi-P) ?Pivf Year gggg;t Iq%ex,(ﬁ.,}) @P?vé

? P P | P
1939 100 T -3.0 =3.,0 1899 100 100 - -
1940 111 115 4.0 3.6 1900 104 104 - --
1941 134 139 5.0 3.7 1901 109 109 - --
1942 152 152 -- - 1902 114 114 - -
1943 158 149 ~7.0  -4.4 1903 116 116 - -
1944 151 151 -- -- 1904 124 124 - -
1945 164 167 3.0 1.8 1905 131 131 —— _—
1346 168 159 -9,0 =5.,4 1906 133 133 - -
1947 162 170 8.0 4,9 1907 132 132 - —
1948 174 179 5.0 2.9 1908 145 145 - ——
1949 178 185 7.0 3.9 1909 152 152 - -

19



Table 12, (Continued)
Model I - Mexico (1939 - 1955) Model II - U,.S.A, (1899 - 1915)
Actual Est. . Per Cent T Actual Est. Dev Per Cent

Year Output Index (p-p) Dev, Year Output Index * Dev,
Index P P -P Index P (P -P) P ~ P

P P P P

1850 206 200 -6,0 -2,9 1910 150 150 - .
1851 179 179 —e - 1911 152 152 - -
1952 178 175 =3.0 =1.7 1912 156 156 - -
1953 204 195 -9.0 =4.4 1913 158 158 -- -
1954 199 196 -3.,0 =1.5 1914 161 162 +1.0 +0,6

1955 159 166 7.0 b4

1915 172 172 -

59
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gauge the importance of the "added" input (refer to Table 5).

The reduction in unexplained variance due to each factor, in

order of decreasing importance, 1s as follows:

Table 13. Importance of Each Factor 1n Reduclng
The Unexplained Varlance in The Cutput

Model gal MEX. Model I%bl U.S.A.
T1me Power Consumption
Power Consumption Time
Capital Raw Materials
Wages and Salariles Wages and Salaries
Raw Materlals Capltal

For these models 1t seems that time and power con-
sumption inputs explailn a larger proportlon of the wvariation
assoclated with the dependent variable or output. The
practical implications are deferred untll discussion of the
regression coefficients (elasticities).

5. The regression coefficients or production elastil-
cities as they may be called (le) are presented in Tables 6
and 7 for Models I - Mexico and II —'U,S.A.g respectively,
From the standpoint of economic policy, we are interested in
obtaining an indication of how much a given factor of pro-

duction is l1likely to 1Influence the amount of the product.
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The elasticitlies give us such an indication. The standard
errors of each are included to clarify thelr accuracy within
a probability level of 68 per cent.

We are told that negative elasticitles may occur but
are not statistically significant.9 There 1s an interesting
result as exemplified by the significance test performed on
each elasticlty. Second-degree power consumption, for ex-
ample, has a negative exponent yet 1t becomes significant at
the lower levels. Such tests, of course;, preclude our
aésumption of normality and independence in the errors or

deviations of our data. This may be a dubious assumption.

Table 14. Significance Levels of
Regression Coefficlent for Both Models

Level at Which Regression Coeff. Becomes Signhificant

Model
1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-30
T
NIEX, X'T X6 X29X5 had - XS Xll_ b -
II
U°S°A° X9 X!I_SXSQ b - X3 X8 X2 bt X?
Xg
For Model I-MEX. For Model II-U.S5.4.
Xy=Log C Xg=log E Xo=Log C Xg=(Ing E}”
X3=Log W Xg=Mt X3=Log W Xo=(Log £)3
Xy=Log R X<t X, =Log R Xglog t
X5=Log E Xga(l.og )<



68

From Table 14, indications are that we could drop wages
and salaries;, and raw materials from Model I - Mexlico, and do
the same with wages and salaries, capital, and time from
Model II - U.S.A, This does not seem to be loglcal and we
must temper statlstical analysis of our results with practical
economic reasoning.

The negatlive elasticity for wages and salaries in
Model I -~ Mexilico 1s not to be interpreted literally. It
gshould be observed as a result of the interrelationships
exlsting and changes occurring in all the variables within
our regression problem.

With regard to combined i1nput, we found when testing
the significance of the overall goodness-of-fit (Ry 5.,.p)
that our multiple regression coefflcient was highly signifi-
cant. However, when each independent factor 1s taken sepa-
rafelys the linear relationship between each and the output
is greatly to be doubted as is indicated by our factor
significant tests.

6. An analyeis of the elasticities places the basic

factors 1in the follewing order of importance for each model:

Table 15, Importance of Factor
Elasticities for Both Models

(a) {p)
Model I - Mexico Model II - U.S.A.
¢ (Capital) E (Power)
R (Raw Materials) W (Wages and Salaries)
E {(Power) R {Raw Material)
W (Wages and Salaries) C (Capital)
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We can expect greater percentage increases in the
value of ouftput from capital, raw materials, and wages and
salaries 1nputs (in that order) for Model I - Mexico, ceteris
paribugs. This seems a logical result since industrial pro-
duct prices reflect an interest on the part of industry to
cover Input values or costs in order of magnltude of factor
prices. In Mexlcan manufacturing 1ndustry a factor-price
classification of the variables involved would closely fol-
low the sequence 1n Table 15 (a).

Venture capital for industrial Ilnvestment is a diffi-
cult (1939 - 1855) resource to acquire and its consequent
cost or factor price is high. This 1s aggravated by the
costly lmport of capital goods, equipment and accessorles,
Furthermore, except for the years 1943-1046 approximately,
there is much evidence to indicate excess capacity conditions
in many brarnches of manufacturing. Import prices and
quantities of requlred raw materials (as well as high prices
of domestlcally availlable materials) contribute tc placing
this factor In a prominent position on the scale, Power
rates are not known to be low in Mexlco; the corresponding
input value seems to be higher than wages and salaries
(our "insignificant" factor). Profit levels are concealed
in this study by value of output data. Levels are high and
create disturbances affecting participation of all factors,
primarlily wages as has heen mentioned previously.

In the U.S.A,, value of power rates added to the
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intensive use of capacity make this factor highly important
in its effects on value of output. The value of labor plays
a more logical role in the setting of manufacturing industry.
The great upswing of labor costs 1s reflected by the value
of our wages and salaries factor and its effect on the

value of output. Raw materilals follow closely and 1is to be
expected from the period studled as manufacturing methods
and processes8 added to costs 1n the extractlve industries
determine this factor's importance., Domestic capital goods
industries were already active in the U.S.4. 1n the first
twenty years of the century, and there was great fluidity

in capital for Investment purposes. These conditicns re-
duced the relative value position of capltal in relation to
other input factors and therefore 1ts influence on the cut-
put value 1ncrement,

An analysis of the "physical" production aspects of
our functicns show the following observations for Mpdel I -
Mexico:

(a) Decreasing returns accrue to each cof the factcors

involved,

(b) Increasing costs per unit output for each

factor considered.

{(¢) The overall model describes conditions of re-

turns increasing at a decreasing rate,

Some 1mplicatlons are that the capital-intersilve

nature of manufacturing development 1n Mexlco for 1939 - 195%
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has sped up growth but has lagged behind in the efficilent
use of existing and new equlipment Ilnstallations. Quality
and processing of raw materlals and manufactured product with
the purpose of reducing costs of materlals and waste have not
been sufficlently stressed, Manufacturlng processes must be
used optimally for minimlzing the costs of production.

In Model II - U.S.A., condltlons are similar except
for the power c¢onsumptlon factor.

7. As a final point, we may investigate the
characteristics of the dynamlic factors in our models, namely:

For Model I - Mexico:

- 2 .
£(t) = eO.lOlilOt 0.00372¢ (53}

FOI‘ Model II - U.SQA.:

- 2

The dynamics of growth and the effect of some of the
other factors not Included in our models may then be observed
from Figure 22, It 1s Interesting to note that during the
same interval of seventeen years, the value of f{t) for the
Mexican model Increased from 1,10 to 1,99, while for the
U.S.A, model, the value of f(t) remalned relatively conatant
at the level of approximately 0.95., These results are not
surprising hecause we have already seen that the Model I -

Mexico is not as exact as the Model II - U.S.4. We can

observe that some causal factors of importance have not been

inecluded in the former model.
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CHAPTER VII
CONCLUSIONS

It has been our purpose to quantify a portion of the
economic phenomena underlying the growth of manufacturing
industry in Mexico and the U,S.A. during 1939 - 1955 and
1899 - 1915 respectively. Throughout the exposition atten-
tion was drawn to the posslbilities open to the lnvestigator
for the formulaticn of planning criteria that evolve from
such analysis, As is to be expected, estimates and pro-
Jections can only be as accurate as the data avallabhle and
the degree of scphilisticatlon 1n the analytical tools em~
ployed.

Our regresslon functions have approximated some
possible "laws" governing manufacturing output for the
periods studled. They provide a basis for measuring past
effort, and to a limited extent enable us to plan for
development of mamufacturing industry in Mexico.

Some of the maln points brought out by thls study are
summarized below:

1. Two models, each based on four primary factors
(C = capital, W = wages and salaries, R = raw materials,

E = power consumptlon) and a time factor t, were constructed

for the manufacturing industries of Mexlco and the U.S.A.
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regspectively. In a comparative form, the two models are as
follows:

Model I -~ Mexlco:

P = 2.694000-51456 w-0-41493 £0.33686

2
£0.31929 eO.lOlllOt--O.OO372t (55)

for the period 1939 - 1955,

Model II - U.S.A.:

p = 0,0074c0-16195 039537 £0.37697
20.88996 ~0.00T18 ,,-0.02027(Log t)2 (56)

for the period 1899 - 1915,

2. The returns of manufacturing industry in Mexlco
were Increasing at a decreasing rate for the perliod 19390 -
1955, Thils observation is based on the fact that the sum
of the elasticities for the primary inputs is 0.756.

3. The returns of manufacturing industry in the
U.S.A. were increasing at an increasing rate for the pericd
1899 - 1915, 1In this case, the sum of the elasticities of
primary inputs 18 1.804.

4, Comparison of the two models shows that the rate
of capital investment 1In Mexico 1s about three times higher
in relation to the same factor in the U.S.A. Also, the
effect of the raw materials input is about the same in both

models,
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5. Some weaknesses of the structure of the Mexlcan
manufacturing Indusfry are clearly 1llustrated by the nature
of the following two factors:
(a) The most critical area 1s the one of labor in-
put, W, which has a negative coefficlent of
elasticlty -0.415,

(b) The power consumption input 1s almost one third
of the corresponding factor 1n the U.S.A.
model.

6. A comparison of the factors C and W for the
Mexican model shows the predominance of capital {0.515) over
labor (-0.415). There has been an emphasis on capital in-
vestment with a serious lag in productivity. This may
indicate that factors such as technical experience, manage-
ment and administrative techniques have not been emphaslzed
enough to cope with the advanced technology 1mplied by such
investment.

T. The sum of the elasticltles for € and E in the
Mexican model is 0.834, while for the U,S.A. model it 1s
1,052, The order of magnitude 1s similar, and it may be
concluded that in Mexico the factor C has been streassed
agaln at the expense of factor E.

8. The time factor has been very important in the
Mexlcan model demonstrating the dynamlc nature of develop-

ment of manufacturing industry in that country. A4s time is
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not a causal factor, 1t points to the necessity of expanding
this model to include other significant variables affecting

output in Mexican manufacturing industry.



APPENDIX

7
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Table 16, Net Income Produced per Man-Hour in
Manufacturing (in I. U.'s)®

YEAR U.S.A. YEAR MEXICO
1889-1890 0.292 1948 0.486
1900~1904 0.220 1949 0.541

1913 0.356 1950 0.593

Source: C, Clark, The Conditions of Economic Progress, 3rd
edition, London, Macmillan and Co., Ltd., 1857.
Table VIII, p. 336.

80ne I. U. of real income was taken as the quantity of
goods exchangeable in the U.S.A. for $1 over the average of
the decade 1925-1934,



Table 17. Income Produced Per Worker in Mexico
for Manufacturing Industry

Nat!'l, Incomea Purchasingb Deflated Employedc Mfg.Income Index of In-
Year Prod,byMfg.Ind. Power Index National in Mfg. Prod. Per come Produced

(mlllions of pesos) 1939=100 Income Ind, Empl. Worker Per Worker
1939 914.1 100,0 914.1 605,000 1510 100.0
1940 1027.3 97.2 998.5 639,607 1560 103.3
1941 1257.1 94,5 1188.0 673,000 1765 116.9
1942 1616.,2 82.6 1335,0 704,000 1896 125.6
1943 2092.8 61.9 12954 735,000 1762 116.7
1944 2818.2 50.5 1423,2 768,000 1853 122.7
1945 3437.2 5.7 1570.8 801,000 1961 129.9
1946 4605.8 37.3 1718.0 832,000 2064 136.7
1947 4906, 4 33.7 1653, 4 864,000 1913 126.7
1948 5168.7 31,6 1633.3 895,000 1824 120.8
1949 5473.6 28,2 1543.6 929,000 1661 110,0

6L



Table 17. (Continued)

Nat'i, Income® Purchasingb Deflated Employed® Mfg.,Income Index of In-
Year Prod.by Mfg.Ind. Power Index Naticonal in Mfg. FProd. Per come Produced
(millionsof pesos) 1939=100 Income Ind. Empl. Worker Per Worker

1950 6964 ,9 25.9 1803.9 972,545 1854 ;22.8

Sources: agl Desarrollo Economico de Mexico, Comislon Mixta, Primera Edicion,
Mexico D.F., Fondo de Cultura Economilca, 1953, p. 36,

PMemoria de la Secretaria de Economia, Mexico D.F., 1958, p. 187.

cépuario Estadistico de los Esgstados Unidos Mexicanos, 1940,
Anuario Estadistico de los Estados Unildos Mexicanosg, 1945,
Anuario Egtadlistico de los Estados Unidos Mexicanos, 1950.

08



Table 18. Income Produced Per Worker in the U.S.4.
for Manufacturing Industry

Nat'l.Income Purchasing Deflated Employed Mfg.Income Index of In-
Year Prod.by Mfg.Ind. Power Index National In Mfg. Prod. Per come Produced

(millions of dls,) 1890-99=100 Income Ind. Empl., Worker Per Worker
1899 2.714 98 2.660 4,501,919 590 100.0
1900 2.941 94 2,764 4,630,000 596 101.0
1901 3.193 92 2.938 4,750,000 618 104.,7
1902 3.605 90 3.244 4,835,000 670 113,6
1903 3,812 86 3.278 5,000,000 655 111.0
1904 3,519 87 3.062 5,181,660 590 100,0
1905 4,032 87 3.508 5,340,000 656 111.2
1906 4,377 84 3.677 5,552,000 662 112,2
1907 4,743 79 3.T47 5,754,000 651 110.3
1908 4 046 83 3.358 6,025,000 557 oL .4
1909 4,824 83 h,ooh 6,262,242 639 108.3
1910 5. 447 78 4,249 6,315,000 672 113.9

Source: Historical Statistics of the U.3.A.;, U. S. Department of Commerce,
Series A 1o50=16%, p. 1%,

18



Table 19. Bank Loans
and Discounts 1n Mexlco

Bank Loans and Deflated "Credit"
e s (sesd] (185ckoo
1939 237.0 237.0 100,0
1940 238,0 231.3 97.5
1941 312,0 294 .8 124 .5
1942 436,0 360.1 151.9
1943 606,0 375.1 158,2
1944 918,0 463,.6 195.8
1945 1149,0 525,1 221,5
1946 1350.0 503,6 212.7
1947 1155.0 389.2 164 ,1
1948 1924,0 608.0 256.5
1949 1800.0 507 .6 214 .4
1950 1765.0 457.1 192.8

Source: La Economia Mexlicana en 1 s Secretaria de Economia,
¥exTeco ©.F., 1058, p. 115,



Table 20, Bank Loans
and Discounts in Y.S.A.

Bank Loans and Deflated "Cred1t"
tear (bil?iggguggsdls.) to(égggﬁé?gg 1%882?00
1899 5.178 5.074 100.0
1900 5.658 5.318 104,8
1901 6.425 6.279 123.7
1902 7.189 6.470 127.5
1903 T.739 6.656 131,2
1904 7.932 6.944 136.9
1905 9.027 7.940 156.5
1906 9.894 8.983 177.0
1907 10,764 8.504 167.6
1908 10.438 8.664 170,8
1909 11,447 9.501 187.2
1910 12.522 9.767 192.5

Source: Historical Statisftics of the United States, U, S,
Department of Commerce, Series N 19-26, p. 262.




Table 21, Physical Volume of Production for Specific
Manufacturing Industries in Mexico (1939=100)

Year Textilles Food and Tobacco Construction Chemical Iron and Leather
Beverages Products Steel Products
1939 100,.0 100.0 100.0 100.0 100,0 100.,0 100,0
19k 129.5 149,6 113.9 206.0 1484 117.1 180.8
1949 141.2 161.6 128.8 326,2 179.4 234.8 235.2
1954 167.1 234 .2 146.3 47k, 278.2 339.2 n.d.

Source: Memoria de la Secretaria de Economia, Mexleo D,F,, 1955, p. 283-86.

T8



Table 22, Physical Volume of Production for
Specific Manufacturing Industries in the U,S.A. (1899=100)

Year Textlles Food and Tobacco Construction Chemical Iron and Leather
Beverages Products Steel Products
1899 100.0 100,0 100.0 100,0 100.0 100,0 100,0
1904 126,3 127.7 123,3 92,6 133.3 130.3 115.6
1909 157.8 150,0 143,3 101,2 188.8 225,1 129.6
1914 189.4 177 .7 176,.6 100,0 Ul i 220.9 126.5
Source: Historical Statlstics of the United States, U, S, Department of Commerce,

Series J 15-2G, p. 180,
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Table 23. Percentage Distribution of Factors

1n National Income: Mexico

Year Agri- Mining Mfg. Const. Transp.& Trade Service Gov't, Finance &
culture Utilitiles Misc,
1939-1944 19,1 5.1 16,9 1,8 6,1 26,4 8.3 6.0 9.1
1945-1950  17.6 3.9 18.3 1.9 k.8 31.9 7.8 4.4 8.3

Source: Comlsion Mixta, El Desarrollo Economico de Mexlco, Primera Ediclon;
Mexico D.F., Fondo de Cultura Economica, 1953, p. 36.

Table 24, Percentage Distribution of Factors
in National Income: U,S.A.

Year Agri- Mining Mfg. Const, Transp. & Trade Service Gov't. Finance &
culture Utilities Misc.

1899-1908 16,7 3.1 18,4 4.5 10.7 15,3 9,6 5.6 16.0
19090-1918 17,7 3.3 20,8 3.2 10,7 1%.5 8.2 6.3 15.4

Source: Historical Statlsties of the United States, U, S. Department of Com-
merce, Seri€s & 1B5-153, Ps 13,
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Table 25. Gross Value of
Manufactured Product: Mexlco

Year Pesos® Value in Index Log of

(millions) 1939 Pesos 1939=100 Index
1939 2113 2113 100 2.00000
1940 2421 2353 111 2.04532
1941 2999 2834 134 2.12710
1942 3890 3213 152 2.18184
1943 5392 3338 158 2.19866
1944 6314 3189 151 2.17898
1045 7583 3465 164 2.21484
1946 9514 3549 168 2,22531
1947 10161 3424 162 2,20952
1948 11642 3679 174 2.24055
1949 13328 3758 178 2.25042
1950 16794 4350 206 2.31387
1951 18000 3780 179 2,25285
1952 19900 3761 178 2.25042
1953 21730 4302 204 2.30063
1954 23580 4197 199 2.29885
1955 25430 3357 159 2.20140
Source: 2United Nations Yearbook, 1948, Table 64, p. 169,

United Nations Yearbook, 1957, Table 68, p., 191.
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Table 26, Capltal Investment in
Manufacturlng Industry: Mexlco

U (aiilens) 193 hesss  1dcleo  Thaex
1939 2375 2375 100 2.00000
1940 2650 2576 108 2,03342
1941 2950 2788 117 2,06819
1942 3280 2709 114 2.,05690
1943 3640 2253 95 1.97772
194} 4000 2020 85 1.92942
1945 4365 1995 85 1.92942
1946 4750 1772 75 1,87506
1947 5150 1736 73 1.86332
1948 5550 1754 T4 1.86923
1949 5965 1682 71 1.85126
1950 6395 1656 70 1,84510
1951 6800 1428 60 1.77815
1952 7200 1361 57 1.75587
1953 7675 1520 64 1.30618
1954 8160 1452 61 1.78533
1955* 8620 1138 48 1.68124
Source: 2M, German Parra, La Industrializacion de Mexico,

Mexico D.F,, Imprenta Universitaria, 195F, D. O7.

* Estimated.
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Table 27. Wages and Salaries
in Manufacturing Industry: Mexilco

T (aiifitee)  1935reses 15%ci0  Dnber
1939 520 520 100 2,00000
1940 610 593 114 2,05690
1941 700 662 127 2.10380
1942 796 658 126 2,10037
1943 900 557 107 2.02938
1944 1050 530 102 2,00860
1945 1159 530 102 2,00860
1946 1350 504 97 1.98677
1947 1570 529 102 2.00860
1048 1850 585 112 2.04922
1949 2175 613 118 2,07188
1950 2490 645 124 2.,0G342
1951 2800 588 113 2.05308
1952 3135 592 114 2.05690
1953 3480 689 132 2.12057
1954 3790 675 130 2.11394
1955 * 4120 Shh 105 2.02119
Source: 2M, German Parra, La Industrializacilon de Mexico,

Mexico, D.F., Imprenta Universitaria, 1954, p. O7.

* Estimated.
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Table 28, Raw Material Consumption
In Manufacturlng Industry: Mexlco

Year Pesos? Value in Index Log of
(millions) 1939 Pesos 1939=100 Index
1939 1050 1050 100 2,00000
1940 1200 1166 111 2,04532
1941 1420 1342 128 2.10721
1942 1650 1363 130 2.11394
1943 1975 1222 116 2,06446
1944 2390 1207 115 2.060Q70
1945 2845 1300 124 2.09342
1946 3385 1263 120 2,07918
1947 4000 1348 128 2.10721
1948 $750 1501 143 2.15534
1949 5500 1551 148 2.17026
1950 6300 1632 155 2.19033
1951 7050 1480 141 2,1h4922
1952 7850 1484 1431 2,14922
1953 8635 1710 163 2.21219
1954 9425 1678 160 2,20412
1955* 10200 1346 128 2.10721

Source: @M. German Parra, La Industrializacion de Mexico,
Mexico, D.F., Imprenta Unlversitaria, 1954, p, G7.

*Bstimated.



Table 2G, Electrical Energy Consumption
in Manufacturing Industry: Mexico

Year Millions? Priceb Cost of Energy Deflated Cost Index Log of

of KWH cts/KWH in Pesos Cost of Energy for Energy Index

( thousands) 1939=100 1939=100

1939 415 3.8 15770 15770 100 2.00000
1940 475 4,2 19950 19390 123 2.08991
1941 524 4,7 24628 23280 148 2.17026
1942 580 5.2 30160 24910 158 2,19866
1943 639 5.9 37701 23340 148 2.17026
1944 695 6.5 45175 22820 145 2.16137
1945 760 7.0 53200 24310 154 2.18752
1946 836 6.9 57684 21510 136 2.13354%
1947 913 7.9 72127 24310 154 2.18752
1948 ol1 8.6 80926 25570 162 2.20952
1949 1070 9.7 103790 29270 186 2,26951
1950 1197 11.9 142443 36890 234 2.36922

1951 1341 11,2 150192 31540 200 2.30103
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Table 29. (Continued)

Year Millions® PriceP Cost of Energy Deflated Cost Index Log of
of KWH cts/KWH in Pesos Cost of Energy for Energy Index
(thousands) 1939=100 1939=100
1952 1440 12.0 172800 32660 207 2.31597
1953 1555 13.0 202150 40030 254 2.40483
1954 1862 13,9 258818 46160 293 2.46687
- 1955 2099 14,9 312751 41280 262 2,41830
Sources:

ag1 Casode Mexico, Naclones Unidas, ConsejJo Economico Social, La Paz
Bolivia, Comision Economica Para America Latina, 1957, Vol. II, p. 2é9°

Prara Beautell, C., ILa Industriagde Energia Electrica, Primera Edicion,
Mexico D.F., Fondo de Cultura Economica, 1953, p. 175.
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Table 30.

Time Series for

Model I - Mexlico

93

Year Time M x Time* (Time )2 M x (Time)2
1939 1 0.43430 1 0.43430
1940 2 0.86860 4 1.73720
1941 3 1.30290 9 3.90870
1942 Y 1.73720 16 6.94880
1943 5 2.17150 25 10.85750
1944 6 2.60580 36 15.63480
1945 7 3.04010 49 21,28070
1946 8 3.47440 64 27.79520
1947 9 3.90870 81 35.17830
1948 10 4 .34300 100 43,43000
1949 11 4.77730 121 52.55030
1950 12 5.21160 144 62.53920
1951 13 5.65090 169 73.39670
1952 14 6.08020 196 85.12280
1953 15 6.51450 225 97.71750
1954 16 6.94880 256 111,18080
1955 17 7.38310 289 125,.51270
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Table 31. Gross Value of
Manufactured Product: U,.S.A.

Year Dollars® Value 1in Index Log of
(b1llions) 1899 Dollars 1899=100 Index
1899 11.1 10,9 100 2,00000
1900 12,0 11.3 104 2.,01703
1901 12.9 11.9 109 2,03743
1902 13.8 12,4 114 2.05690
1903 14,7 12,6 116 2.06446
1904 15.5 13.5 124 2.09342
1905 16 .4 14,3 131 2.11727
1906 17.3 14.5 133 2.12385
1907 18.2 1h .4 132 2,12057
1908 19.1 15,8 145 2.16137
1909 20,0 16.6 152 2,18184
1910 20.9 16.3 150 2.,17609
1911 21.8 16,6 152 2,18184
1912 22.7 17.0 156 2.19312
1913 23.5 17.2 158 2.,19866
1914 * 24 4 17.6 161 2,20683
1915 25.3 18.7 172 2,23553

Source:; %Abstract of the Census of Manufactures, U, S, De-
partment ol Commerce, 1914, p. 10.

*Estimated.
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Table 32. Capltal Investment
in Manufacturing Industry: U.S.A.

Year Dollars? Value in Index Log of
(villions) 1899 Dollars 1899=100 Index
1899 8.6 8.43 100 2.,00000
1900 9.5 8.93 106 2.,02531
1901 10.5 9.66 115 2,06070
1902 11.4 10,26 122 2.08636
1903 12.3 10.58 126 2,10037
1904 13.3 11.57 137 2,13672
1905 14.2 12.35 146 2.16435
1906 15.2 12.77 151 2,.17898
1907 16.1 12.72 151 2,17898
1908 17.0 14,11 167 2,22272
1909 17.9 14,86 176 2,24551
1910 18.9 14,74 175 2.24304
1911 19.8 15,05 178 2,25042
1912 20.8 . 15.60 185 2,26717
1913 21.7 15,84 188 2.27416
1914 * 22.6 16.27 193 2,28556
1915 * 23,6 17.46 207 2.31597

Source: 2Abstract of the Census of Manufactures, U, S. De-
partment of Commerce, 1914, p. 10.

*Estimated.
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Table 33, Wages and Salariles
in Manufacturing Industry: U.S.4.

Year Dollars? Value in Index Log of
(billions) 1899 pollars  1899=100 Index
1899 2.30 2.25 100 2,00000
1900 2.50 2,35 104 2.01703
1901 2,71 2.49 111 2.04532
1902 2,92 2.63 117 2.06819
1903 3.12 2,68 119 2.07555
1904 3.33 2,90 129 2.11059
1905 3.5% 3.08 137 2.13672
1906 3.75 3.15 140 2.14613
1907 3.96 3.13 139 2,14301
1908 4,16 3.45 153 2.18469
1909 4,37 3.63 161 2,20683
1910 4,58 3.57 159 2,20140
1911 k.78 3.63 161 2,20683
1912 4,98 3.74 166 2,22011
1913 5.19 3.79 168 2.22531
1914 * 5.39 3.88 172 2.23553
1915 * 5,60 4,14 184 2,26483

Source: 2Abstract of the Census of Manufactures, U, S, De~
partment of Commerce, 1914, p. 1C.

* Estimated,
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Table 34, Raw Material Consumption
in Manufacturing Industry: U,S.A.

Year Dollarsa Value in Index Log of
(billions) 1899 Dollars  1899=100 Index
1899 6.23 6.10 100 2,00000
1900 6.79 6.38 105 2,02119
1901 T.34 6.75 111 2,04532
1902 T.90 T.11 117 2,06819
1903 8.46 T.28 119 2.07555
1904 9.00 7.83 128 2,10721
1905 9.57 8.33 137 2,13672
1906 10,11 8.49 139 2.,14301
1907 10,67 8.43 138 2,13988
1908 11.21 9.30 152 2.18184
1909 11,77 9.77 160 2.20412
1910 12.32 9.61 158 2.19866
1911 12.88 9.79 160 2.20412
1912 13,43 10.07 165 2,21748
1913 14,00 10,22 168 2.22531
1914 * 14,55 10,48 172 2.23553
1915™ 15,10 11.17 183 2,26245

Source: 2Abstract of the Census of Manufactures, U, S, De-
partment of Commerce, 1915, p. 10,

* Estimated.
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Table 35, Electrical Energy Consumption
in Manufacturing Industry: U,S.4,

Year Dollars?® Value 1in Index Log of
(millions) 1899 Dollars  1899=100 Index
1899 63.0 61.7 100 2.00000
1900 68.0 63.9 104 2.01703
1901 70.0 64 .4 104 2.01703
1902 T4.0 66.6 108 2,03342
1903 78.0 67.1 109 2,03743
1904 80.0 69.6 113 2.05308
1905 83,0 T2.2 117 2.06819
1906 90,0 T5.6 122 2,08636
1907 98,0 TT.h4 125 2,09691
1908 108.0 89.6 145 2,16137
1909 121,0 100,4 163 2.21219
1910 137.0 106,.9 173 2,23805
1911 159.0 120.8 196 2.29226
1912 181,0 135.8 220 2.34242
1913 207,0 151.1 245 2.,38917
1914 237.0 170.6 276 2.44091
1915 271.0 200.5 325 2,.51188

Source: 23Historical Statistles of the United States, U. S.
Departiment ol COmmerce, sSeries G 225-233, D. 159,
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Table 36, Time Series
for Medel II -~ U.S.A.

Year Time Log of Time Log of
('I'ime)2
1899 1 0,00000 0,00000
1900 2 0.30103 0.09062
1901 3 0.47712 0.22764
1902 4 0.60206 0.36248
1903 5 0.69897 0.48856
1904 6 0.77815 0.60552
1905 7 0,84510 0.71419
1906 8 0,90309 0.81557
1907 9 0.95424 0.91057
1908 10 1.00000 1.00000
1909 11 1.04139 1.08450
1910 12 1,07918 1.16463
1911 13 1,1139% 1.,24086
1912 14 1,14613 1,31361
1913 15 1,17609 1.38319
1914 16 1,20412 1.44990
1915 17 1.23045 1.51401
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SAMPLE CALCULATIONS

NG’2

N -n

;

(8) 1 Pean =

S = unbilased standard error of the estimate
N = number of observatlons

total number of variables

e
B

@2 = variance of residuals (coded) of the actual

and estlmated values of the dependent
variable.

Model I - Mexico

. [17) (s858.3716) _

Eia- °n 17 = 7 9959.2317 (coded)
51 00en = 99.80 (coded)
§1.2*°n = 0.0100 (uncoded)

. N -1
0) B 1o [(Bgpen) (X |

ﬁi,2-°n = unbjiased multiple correlation

coefficlent
H? nsspy = uUnblased coefficlent of multiple
determination

01 = standard error of the independent
variable



Model I - Mexlco

=2 16
Ry peep = 1.0 - [0.01483 x F{
2

El.?--n = 1.0 - (0‘01396)

RS puup = 0.98604

R} p..p = 0.99301

b1y - Ba1;
Ablj

101

blj = regression coefficlent of independent

variable }j

P 13 « regresslion coefficient of the population

xib = standard error of the regression co-
i)

efficient

Model I - Mexico

bDys = (312
P - where H_:
12 0
A5,

12 = "0, iy

_ ﬁ?.a--n (N - n)

(d) F
(1 -F ou.p) (0 - 1)

-

fip=0

Ry 2eep = coefficlent of multiple determination
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N = number of observatilons

n = total number of varlables
Model I - Mexlco

0.,98604)(10 . 86040
r - {1:525588H71hy - $:o857e = 17.72

where N = 17
n =179




103

BIBLIOGRAPHY



104

BIBLIOGRAPHY
(Literature Cited)

Douglas, P. H., and Cobb, C. W., "A Theory of Production,”
The American Economic Review, 18, 1928, p. 139.

Heady, E. O0,, Johnson, G. L., 2and Hardin, L. S., Resource
Productivity, Returns to Scale, and Form Size, 1st ed.,
Ames, lowa: The Jowa State College Press, 13956, p. 8.

Davlidson, R, K., Smith, V., L., and Wiley, J. W.,
Economlics: An Analytical Approach, 1ist ed., Homewood,
TITinois: Richard D, 1rwin, Inc., 1958, p. 328.

Heady, Johnson, and Hardin, op. cit., p. 84.

German Parra, M., La Industrializacion de Mexico, Mexico
D.F,: Imprenta Unlversltaria, 1954,

Schultz, H., The Theory and Measurement of Demand,
Chicg%o, I11inoYsT The Unlversity ol Chicago Press, 1958,
pol -

Ibid., p. 193.

Tintner, G., Econometrics, New York: John Wiley and Sons,
Inc., 195%, p, 303.

Heady, Johnson, and Hardin, op. cit., p. 149,

(Other References)

Clark, C., The Conditions of Economic Progress, 3rd ed.,
London: MecMilTlan and Co., Ltd., 1957.

Croxton, E. F., and Cowden, D. J., Applied General
Statistics, New York: Prentice Hall, Inc,,” 1940,

Davis, H. T., The Theory of Econometrics, Bloomlngton,
Indiana: The Principia Press, Inc., 1941

Douglas, P, H., The Theory of Wages, lst ed., New York:
The MacMillan Company, Ly,

Douglas, P. H., and Daly, P., "The Production Function
for Canadian Manufacture," The Journal of the American
Statistical Association, 39, 19%¥3; p. 173.




105

6. Douglas, P. H., and Gunn, G., "The Production Function
for American Manufacturing in 1919," The American
Economic Review, 31, 1941, p. 67.

7. Durand, D., "Some Thoughts on Marginal Productivity
with Special Reference to Professor Douglas' Analysis,"
Journal of Political Economy, 45, 1937, p. 74O,

8. Ezekiel, M,, Methods of Correlation Analysis, 2nd ed.,
New York: Jobn Wiley and Sons, INhC., I§%5.

9. Febricant, S., The Qutput of Manufacturing Industiries,
1899-1937, New York: National Bureau oif Economic Re-
search, Inc., 1940,

10, Franco, J., "Productivity and Economic Development 1in
Latin America," International Labor Review, 72, 1955,

p. 367.

11, Frisch, R,., Statlistical Confluence Analysis by Means
of Complete Regression Systems, Oslo, Norway.

l2. Glover, J. G., and Cornell, W. B., The Development of
American Industries, 3rd ed., New York: Prentice Hall,
Ine., 1955,

13, Mendershausen, H., "On the Siﬁnificance of Professor
Dougiasi Production Function,” Econometrica, 6, 1938,
p. 143, -

14, wM™ills, C. F., Statistical Methods, New York: Henry
Holtand Co., 1924,

15. Mosk, S. A., Industrial Revolution in Mexico, Los Angeles,
California: Unlversity of Galifornia Press, 1950.

16, ©Nacional Financiera, Informe Anual, Mexico, D.F., 1957.

17. Phelps~Brown, E, H., "The Meaning of the Fitted Cobb-
Douglas Function," The Quarterly Journal of Economics,
4, 1957, p. 263.

18. Richardson, C. H., An Introduction to Statistical
Analysis, 3rd ed., New York: Harcourt, Brace and Co.,

-

1]

19. Robinson, J., "Production Function," The Economic

Journal, 65, 1955, p. 263.

20. Tilles, S., "Productivity in Underdeveloped Countries,"
International Labor Review, 72, 1955, p. 496,




