
This PDF is a selection from an out-of-print volume from the National
Bureau of Economic Research

Volume Title: Postwar Productivity Trends in the United States, 1948–1969

Volume Author/Editor: John W. Kendrick

Volume Publisher: NBER

Volume ISBN: 0-87014-240-2

Volume URL: http://www.nber.org/books/kend73-1

Publication Date: 1973

Chapter Title: Interrelationships of Productivity with Associated 
Variables, by Industry

Chapter Author: John W. Kendrick

Chapter URL: http://www.nber.org/chapters/c3576

Chapter pages in book: (p. 105 - 144)



6
INTERRELATIONSHIPS OF PRODUCTIVITY

WITH ASSOCIATED VARIABLES, BY INDUSTRY

Our final chapter starts with an examination of relative changes in output by
industry segments and groups and their relationship to relative productivity
changes. A positive correlation, working through relative changes, is
found to prevail within—but not across—the broad industry segments. Conse-
quently, while above-average productivity changes are not generally asso-
ciated with relative declines in employment in the industry groups, the same
generalization does not hold for the broader industry segments.

In. the latter part of the chapter the chief causal factors that may account
for differential industry rates of productivity change are analyzed. In this
connection, the results of some experimental regression analyses for twenty-
one manufacturing industry groups are also introduced. We emphasize that
the results are less than definitive, due to multicollinearity and other statisti-
cal problems, but hope that the industry estimates will serve as a basis for
further attempts at cross-sectional analysis of causal forces, whichprovides a
useful supplement to aggregative analysis.

Patterns o.f Output Change, by Industiy

Before analyzing the interrelationships between industry productivity and
output changes, a look at industry patterns of rates of change in output will
be helpful.

It will be recalled that the rate of growth of real product in the private
domestic business economy averaged 4.0 per cent a year during the 1948-66
period. Growth rates of the major segments ranged from about I per cent in
farming to about 7 per cent in communication and public utilities. Manufac-
turing and trade were close to the business economy average. In terms of the
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Chart 6-1: Private Domestic Nonfarm Business Economy, Thirty-two Industry Groups:
Relationship Between Rates of Change in Output and in Total

Factor Productivity, 1948—66
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Chart 6-2: Private Domestic Business Economy, Nine Industry Segments:
Relationship Between Rates of Change in Output and in Labor Productivity, 1948—66
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more detailed industry groups, local transit and coal mining showed decline,
while positive rates ranged from less than 1 per cent for intercity bus lines,
water transportation, and railroads to almost 1 5 per cent a year for air
transportation. (See Table 6-1.)

Dispersion as measured by the average deviation of segment and group
rates from their means was 1.4 and 2.2 per cent, respectively. This was well
above the dispersion in rates of change of factor productivity in both
segments and groups, and above that of the partial productivity rates for the
industry groups.

Dispersion of output growth rates averaged considerably higher for sub-
periods than for the overall period: (See bottom of Table 6-1.) While well
above the degree of dispersion for total factor and labor productivity ratios,
the average growth rate for subperiods was about the same as that for rates of
change in capital productivity and capital per Unit of labor input. Output
dropped during one or more subperiods in about one-quarter of the industry
groups and, of course, showed higher rates of growth in at least one subperiod
than the average rate 1948-66. Dispersion was significantly greater in the first
subperiod, 1948-53, which was affected both by post-World War II readjust-
ments and the Korean conflict, than in subsequent subperiods. This contrasts
with the productivity rates, which generally were as dispersed in the last
subperiod, 1960-66, as in the first.

Variability •in .subperiod rates of growth in real product was somewhat
above that in the total factor and labor productivity ratios. The average
deviations of subperiod rates from the period rate were 1 .2 and 1.5 for
segments and groups, respectively (see Table 5-2, addendum). This repre-
sented significantly less variability in growth rates than for earlier subperiods,
as noted previously.'

Average annual mean deviation of output rates for the segments, at 3.1,
while much above the subperiod deviations, was still below the trend rate; the
comparable deviation for the industry groups, at 4.8 per cent, was greater
than the trend rate—reflecting the fact that the majority of groups showed
declines in output during contractions, although total and labor productivity
declined only in some of them. Variability of annual changes in output was
less than that in capital productivity, however.

Interrelation of Output and Productivity Changes
A significant positive correlation between relative industry changes in produc-
tivity and in output within broadly similar sectors was found in Productivity

1 See Productivity Trends, Table 58, pp. 204-OS.
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Trends, in the earlier studies by Fabricant,2 and in the more recent work by
Fuchs.3 It has been suggested that the relationship is reciprocal: relative
advances in output affect productivity through differential scale economies;
and relative changes in productivity, mirrored in relative price changes for the
outputs of the various industries, in turn affect relative changes in sales and
output.

Fuchs pointed out that the relationship does not hold with respect to ten
major one-digit industry segments.4 Our study confirms his findings, and we
suggest some explanations later, following an analysis of the relationship for
two-digit industry groups in the "industry" sector (excluding contract con-
struction but including wholesale and retail trade) and for two-digit and
four-digit industries in the manufacturing segment alone.

Our results for the period 1948-66 are broadly in line with the results of
the earlier studies. The regression between average annual percentage rates of
change in output and total factor productivity for thirty-two industry groups
yields a coefficient of correlation of 0.55. (The relationship is depicted in the
scatter diagram shown in Chart 6-1.) With rates of change in output related to
output per man-hour for thirty-six industry groups, the coefficient is 0.60.
Finally, the correlation between rates of change in output and capital produc-
tivity for thirty-two groups is 0.54. All these correlations are significant at the
0.01 level. (See Table 6-2).

Confining the analysis to manufacturing, for the twenty-one two-digit
industry groups the coefficient of correlation between rates of change in
output and total factor productivity is higher than in the industry segment
including trade: 0.65; using rates of change in output and labor productivity,
the coefficient is 0.54. The first correlation is significant at the 0.01 level, and
the second, at the 0.05 level. The relationship between relative changes in
output and in capital productivity for the manufacturing groups is not
significant at the 0.05 level.

Moving down to the correlation between rates of change from 1954 to
1963 in output and in output per man-hOur for 395 four-digit manufacturing

2 Solomon Fabricant, Employment in Manufacturing, 1899-1939: An Analysis of its
Relation to the Volume of Production, New York, NBER, 1942.

3 V. R. Fuchs, The Service Economy, New York, NBER, 1969, Chapter 4.
4 Ibid., Chapter 3. In our analysis, we use nine industry segments, combining

government enterprises with private service industries. Fuchs combines the segments into
three sectors: agriculture, industry, and service (ibid., Table 1, p. 18). His "industry"
sector comprises mining, construction, manufacturing, transportation, communications
and public utilities, and government enterprises. Our analysis of two-digit industries
relates broadly to the "industry sector" so defined, except that in addition to shifting
government enterprises to the "services sector," we include wholesale and retail trade.
Also, since we do not have any further breakdown of the contract construction segment,
we exclude it from our two-digit industry analysis.
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industries, the coefficient is 0.51, lower than for the twenty-one groups, but
still significant at the 0.01 level.

The coefficient of correlation between rates of change in output and in the
productivity ratios averages less for the subperiods than for the period as a
whole. In the case of total factor productivity and output, the coefficients are
higher in the first and last subperiods, 1948-5 3 and 1960-66, than in the two
intervening subperiods. This reflects the fact that relative changes in produc-
tivity and in price were also less closely correlated in the subperiods than over
the whole period, and that the coefficients were lower in the middle sub-
periods.

Fuchs also found a significant positive correlation between rates of change
in output and output per man-hour within the service sector. Using seventeen
service industries (eight service industries proper and nine retail trades) for
the periods 1939-63 and 1948-63, he obtained coefficients of rank cor-
relation of 0.91 and 0.69, respectively.5

Productivity and Prices of Factors and Products
The general theoretical presupposition behind the associations just de-

scribed is that, at least over longer periods of time, rates of change in
productivity and in factor prices are not correlated to any significant degree,
since mobility of resources tends to equalize rates of change in factor prices,
including profits. Consequently, relative changes in productivity tend to be
reflected in relative price changes, and thus in relative output changes.
Actually, if total factor productivity measures are used, it is relative changes
in unit value added ("net price") that would be negatively correlated with
relative changes in productivity. Relative gross output prices are also affected
by relative changes in prices of purchased intermediate products to which
value is added.

The hypothesis that relative changes in productivity and in factor prices
are not significantly correlated is at least partially confirmed by the evidence
shown in Table 6-3. Over the entire eighteen-year period for thirty-two
industry groups, the coefficient of correlation between rates of change in
total factor productivity and in average (combined) factor prices was only
0.18, not significant at the 0.05 levels. The coefficients in the subperiods
averaged almost twice that for the longer period. This indicates that it takes a
substantial period of time for shifts of resources in response to relative factor
price changes to tend to equalize price changes in similar resources employed
by industry groups within the various segments.

5 Ibid., Table 34, p. 92.
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The coefficients of correlation between industry rates of change in the
partial productivity ratios and in the corresponding prices of labor and capital
are substantially higher—0.34 in both cases—but still not significant at the
0.05 level. This is consistent with the lower degree of correlation on a total
factor basis, since relative changes in labor and capital productivity are
negatively correlated, and the relative prices of labor and capital therefore
tend to show a similar negative association. The table of correlation coeffi-
cients also shows that the tendency for coefficients to be higher in the
subperiods than over the longer period holds only for the relation between
changes in capital productivity and capital price. As we measure it, the price
of capital is a compound of the prices of capital goods and the rate of return
on net capital assets (see appendix text). It seems reasonable that, over
shorter periods, the rate of return component of capital price would tend to
reflect rates of change in output (and presumably net income) relative to the
stock of capital. But over long periods, movements of capital into areas where
rates of return have been rising relatively would tend to bring the increases
back down closer to the average rate.

In the case of average hourly labor compensation, labor productivity in
specific industries is only one of many influences at work in wage determina-
tion, and there is no reason to believe it to be a stronger influence over
shorter periods than over longer periods of time. The coefficients of correla-
tion are low for both the 1948-66 period and the subperiods, and are
generally not significant at the 0.05 level.

When the industry sample is confined to the twenty-one manufacturing
groups, the findings just noted are somewhat more pronounced (see Table
6-3, part B). In the case of the 395 four-digit manufacturing industries for
which only labor data are available, the coefficient of correlation between
rates of change in output per man-hour and average hourly compensation is
only 0.22, and lower when ranks are used. But due to the large size of the
sample, the coefficient, while low, is significant at the 0.05 level.

These results make sense; after all, if wage-rate changes in the various
industries strongly reflected their productivity changes, the entire wage struc-
ture of the economy would be out of kilter within relatively few years.
Actually, the ranking of industries by levels of average hourly labor compen-
sation has not generally changed very much since 1948 (see Table 64). This
confirms evidence with respect to still longer time spans for earlier periods.6
In other words, rates of change in wage rates show much less dispersion than

6 See Productivity Trends, Table 54, p. 197.
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11 8 Postwar Productivity

TABLE 6-4
Private Domestic Business Economy: Ranking of Average Hourly Compensation

in Thirty-four Industry Groups,
1948-66, by Subperiod

1948-66 1948-53 1953-57 1957-60 1960-66

Farming 1 1 1 1

Mining
Metal 22 21 26 24 21
Coal 30 33 33 30 28
Oilandgas 16 23 16 15 12
Nonmetal 9 8 9 9 9

Contract construction 21 18 18 18 23

Manufacturing
Foods 11 9 10 11 11
Beverages 25 32 29 23 22
Tobacco 7 3 7 8 10
Textiles 3 3 3

Apparel 4 6 4 4
Paper 13 14 13 14 13
Printing and publishing 23 26 24 22 20
Chemicals 31 28 30 31 31
Petroleum refining 34 34 34 34 34
Rubber products 17 22 21 19 17
Leather products 6 7 6 6 5
Lumber 4 5
Furniture 8 10 8 7

Stone, clay, glass products 14 13 14 16 15
Pnmary metals 33 30 32 33 32
Fabricated metals 20 20 20 21 18
Machinery, except electric 26 27 28 26 26
Electric machinery 18 19 19 20 19
Transportation equipment and ordnance 32 31 31 32 33
Instruments 24 24 23 25 25
Miscellaneous 10 11 11 10 8

Transportation
Railroads 28 17 25 29 29
Water transportation 27 25 22 28 27
Air transportation 29 29 27 27 30

Communication and public utilities
Communication 12 12 12 12 16
Electric, gas, sanitary services 19 15 17 17 24

Trade
Wholesale 15 16 15 13 14
Retail 2 2 2 2 2

Note: For 1948-66, rank of absolute hourly earnings in subperiods is weighted by length of eact
subperiod. Hourly earnings for each subperiod represent an average of hourly earnings in the termina
years of the subperiod.

Source: Hourly earnings derived from Department of Commerce labor compensation estimates and
our labor input estimates.
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rates of productivity change, and relative changes in the two variables are
only weakly associated.

Given the weak association between industry rates of change in produc-
tivity and in factor prices, one would expect a fairly high degree of correla-
tion between relative industry changes in productivity and in product prices.
As noted earlier, unit value added (net price) is the more relevant variable. In
computing rates of change, we use two versions of unit value added: one is
the implicit price deflator for industry GNP as calculated by OBE; the other
is current dollar GNP by two-digit industry, divided by our output measures,
which differ somewhat from the OBE real product measures, as explained in
the appendix. Our adjusted unit value added (net price) index is thus
consistent with our productivity and related measures. Price indexes are
available for one group fewer than productivity indexes.

As shown in Table 6-5, the coefficient of correlation between rates of
change in total factor productivity and in the implicit industry product price
deflator rounds to -0.70 for the period 1948-66, significant at the 0.01 level.
The coefficient is substantially lower in most subperiods, which is consistent
with the higher correlation between changes in productivity and factor prices
in the subperiods than over the period as a whole. The coefficient of
correlation between industry rates of change in labor productivity and in the
product price deflators during 1948-66 is virtually the same as that obtained
when total factor productivity is used. This is to be expected in view of the
high degree of correlation between labor productivity and total factor pro-
ductivity. In the subperiods, however, the coefficients are higher than when
total factor productivity is used, though still below the coefficient for the
whole period, except in the final subperiod 1960-66, when it is the same.

The coefficients of correlation are higher when the adjusted net output
price deflator is used: —0.88 in the regression on total factor productivity, and
—0.76 in the regression on labor productivity. The subperiod coefficients are
also higher relative to those for the period as a whole. (See Table 6-5.)

Similar results are obtained for the twenty manufacturing groups shown in
the table. With regard to the 395 manufacturing industries, the coefficient of
correlation between rates of change in output per man-hour and unit value
added is lower: —0.60 for the period 1954-63. The shorter length of the period
could partially explain the lower coefficient. Also, value added in the Census
of Manufactures is more of a gross concept than the OBE industry product
concept, which also tends to lead to somewhat different results in correla-
tions.
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Unit Value Added, Output, and the Scale Effect
To complete the cycle of relationships, unit value added must be regressed

on output. A significant negative relationship between rates of change in
these two variables, given the negative relationship between rates of change in
productivity and in unit value added, would explain at least part of the
positive relationship between output and productivity. It is to be expected
that relative changes in average market prices would show a closer relation-
ship to relative changes in output than do relative changes in implicit
product price deflators. But there is a fairly close relationship between
relative changes in unit value added and in prices, by industry—not only
because unit value added is, on the average, the chief component of price but
also because there tends to be a positive correlation between relative changes
in unit value added and in unit cost of intermediate products, in real terms.7

The coefficient of correlation between industry rates of change in the
implicit product price deflators and in output is -0.45 when the OBE deflators
are used, and -0.49 when the deflators are adjusted as described above. The
coefficients are lower in the subperiods, on the average, than over
the entire period covered. (See Table 6-6.) Although significant, the coeffi-
cients of correlation are not very high for the industry groups, and are even
lower for the manufacturing groups and industries. This reflects the fact that
sales and output are affected not only by relative changes in prices (given a
set of price elasticities of demand) but also by differential income elasticities
of demand and by shifts of preferences.

Actually, -the degree of correlation between relative industry changes in
output and productivity is higher than can be explained by the negative
relationships between productivity and net price, and betweennet price and
output. This supports the presumption that scale effects reinforce the positive
relationship between relative industry changes in productivity and in output.

Productivity and Inputs
If output increased at the same rate in all industries, inputs would

obviously fall relatively in industries with above-average productivity advance
and rise relatively in industries with below-average productivity advance. This
was not the case in the period 1948-66. The positive association between
rates of change in output and in productivity was strong enough to obviate
any systematic relationship between relative industry changes in productivity
and in the tangible factor inputs, separately, or in combination.

See Productivity Trends, Table 56, p. 200.
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TABLE 6-6

Private Domestic Nonfarm Business Economy: a Rates of Change, Output Versus Net Price,
Regression Results, 1948-66, by Subperiod

1948-66 1948-53 1953-57 1957-60 1960-66

A. Rates of Change: Output Versus Net Price

34 Industry groups
Coefficient of correlation —0.452 —0.221 —0.356 0.048 —0.266
tvalue 2.870" 1.280 0.270 1.560
Slope —0.901 —0.428
Intercept 5.523 4.011

20 Manufacturing groups
Coefficient of correlation —0.042 0.045 0.15 1 —0.302 0.220
tvalue 0.178 0.191 0.655 1.408 0.980

B. Rates of Change: Output Versus Adjusted Net Price

31 Industry groups
Coefficient of correlation —0.489 —0.191 —0.477 0.157 —0.503
tvalue 3.463b 1.130 2.920b 0.860 3•130b
Slope —0.803 —0.601 —0.828
Intercept 5.080 4.188 5.983

20 Manufacturing groups
Coefficient of correlation —0.182 0.126 —0.403 —0.348 —0.521
t value 0.798 0.543 2.039 1.678 3.O30b
Slope —0.818
Intercept 6.339

395 Manufacturing industries (1954-63) (1954-58) (1958-63)
Coefficient of correlation —0.41 —0.42 —0.26
t value 9810b 10140b 555b
Slope —1.24 —0.72 —0.44
Intercept 61.4 18.1 20.7

Note: If the coefficient of correlation is not significant at the .05 level, the coefficients of the re-
ression equation (intercept and slope) are not given.

Source: See source for Table 6-3.
a Excludes contract construction; finance, insurance, and real estate; and services.
b Significant at the .01 level.
C Significant at the .05 level.

For the industry groups, the coefficients of correlation between rates of
change in total factor productivity and in total factor input, and in labor and
capital input separately, during 1948-66 have small positive values, but are
not significant (see Table 6-7). It is interesting that, in the subperiods, the
coefficients in the relationships involving total input and labor input have
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small negative values (except for the first subperiod), and are negative for all
subperiods in the relationship involving capital input. This is consistent with
the lesser degree of correlation shown in the subperiods than for the period as
a whole between relative changes in output and productivity. In the case of
the 395 manufacturing industries, the negative coefficients of correlation for
the periods 1954-58 and 1954-63, while quite low, were significant at the 0.01
level.

We stated earlier that, as pointed out by Fuchs, there is virtually no
correlation between relative changes in output and in productivity for the
major one-digit industry segments (see Chart 6-2). The coefficient of correla-
tion using relative changes in total factor productivity and output during
1948-66 in seven major segments is 0.05; using relative changes in labor
productivity and output in all nine segments, it is 0.06. This lack of correla-
tion is not the result of perverse price relationships. As is true of the two-digit
industry groups, the coefficient of correlation between relative changes in
productivity and input prices is insignificantly small: -0.07. As would be
expected, there is a much higher coefficient of correlation between relative
changes in productivity and in output prices: -0.43 when total factor produc-
tivity is used as the independent variable, and -0.70 when labor productivity
is used for all nine segments.

The point.where the causal chain breaks is in the relationship between
relative changes in output and average prices of output—the coefficient of
correlation for the period 1948-66 is a positive 0.49. Although the coefficient
is not significant at the 0.05 level due to the small number of segments, it
strongly suggests that there is but small cross-elasticity of demand for output
across major industry segment lines, and that price elasticities are heavily
out-weighed by high income elasticities of demand for products of industries
with below-average productivity gains and above-average price increases. In
the case of products of industries with above-average productivity gains and
below-average price rises, the effects of low price elasticity of demand tend to
be accentuated by low income elasticities.

The most striking examples of this effect are farming (or extractive
industry as a whole, including mining) on the one hand, and services on the
other. Between 1948 and 1966, total factor productivity in farming rose by
3.3 per cent a year on the average, well above the 2.5 per cent average in the
private domestic economy as a whole. Despite price support programs, input
prices rose somewhat less than in the economy as a whole, and product prices
fell by an average 4.2 per cent a year, contrasted with the 1.7 per cent
average increase in the private domestic economy as a whole. Despite the
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relatively favorable price trends, real product in farming rose at only one-
quarter the 4.0 per cent growth rate of real domestic business product.

The other extreme is apparent in the case of the services sector, including
finance. Here productivity rose less than half as fast as that in the domestic
business economy. Despite a somewhat smaller increase in wage rates, average
prices of services rose at an average annual rate of 3.2 per cent a year during
1948-66, compared with the 1.7 per cent business economy rate. Neverthe-
less, real product in the finance and services sector rose at an average annual
rate of approximately 4.5 per cent a year, topping the 4.0 per cent average
rate in the business economy. It is clear that price elasticities were heavily
outweighed by income elasticities of demand and shifts in preferences, which
resulted in a relative increase in demand for, and output of, services, despite
the relative increase in their average prices.8

Productivity and Employment
Given the output changes in the various industry groupings during

1948-66, productivity and associated ratios can explain the changes in labor
input and employment, as shown in Table 6-8. With reference to index
numbers for 1966 on a 1948 base, by dividing output (0, in column 1) by
total factor productivity (0/I, in column 2), total input (I) is obtained. By
dividing the total input quotient by the ratio of total input to labor input
(IlL, colunm 3), which measures the substitution of capital for labor, labor
input (L, column 4) is obtained. It will be recalled that labor input is
man-hours in component industry groups weighted by base-period average
hourly compensation. But our chief interest is in employment change (E,
column 6), obtained by dividing labor input by the ratio of labor input to
employment (LIE, column 5), which reflects both changes in average hours
worked and the interindustry shift effect.

We shall illustrate the use of the table by tracing through the behavior of
the variables for the communication and public utilities group. Real product
of this group rose by 242 per cent between 1948 and 1966. Total factor
productivity doubled and factor substitution increased by 36 per cent over
the period, so labor input rose by 25 per cent. Labor input per person
engaged rose by 2 per cent—a drop in average hours having been more than
offset by a relative shift of man-hours toward the higher-pay segments of the
group. Thus, employment (persons engaged) rose by almost 23 per cent over
the eighteen years.

8 Fuchs attempts to estimate roughly the price, income, and substitution elasticities
of demand for goods and services in his The Service Economy, Chapter 2.
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It is even more informative to view the changes in relation to those for the
private domestic business economy. This is done in Table 6-9, where the
index numbers for each industry group and segment are divided by those for
the private domestic business economy to show the relative changes. To
illustrate again by the communication and public utilities group, the 23 per
cent increase in employment was 7.4 per cent greater than the 14 per cent
increase in the domestic business economy. This explains the expansion in the
group's share of total persons engaged from 2.5 per cent in 1948 to 2.7 per
cent in 1966 (column 8). The relative change in employment is, of course, the
result of the interaction of the relative movements of the several variables we
already reviewed in connection with Table 6-8. Thus, the relative output of
the industry rose by 69 per cent, while productivity and factor substitution
showed relative increases of 28 and 24 per cent, respectively, resulting in a
6.3 per cent relative increase in labor input. This reconciles with the 7.4 per
cent increase in persons engaged when account is taken of the 1 per cent
relative drop in weighted man-hours per person.

We have also compared proportionate employment changes for the aggre-
gate of industries.with above-average productivity advance with the aggregate
of those with below-average advance. Looking first at the nine one-digit
groupings, the results show a negative relationship. The industrial, segments
with above-average productivity advance (farming, mining, transportation,
and communication and public utilities) registered a 34 per cent drop in
employment between 1948 and 1966. The segments with below-average
productivity advance (contract construction, finance, and services) showed a
48 per cent rise in employment. Manufacturing and trade, which had the
same 2.5 per cent rate of productivity advanôe as the private domestic
business economy, together showed a 25 per cent employment increase,
compared with only 14 per cent for all private domestic industries.

The results are quite different when the tabulations are made for the
two-digit industries within the manufacturing, mining, transportation, and
utility segments. The twenty-one industries with above-average rates of ad-
vance in total factor productivity increased employment by 16.5 per cent
during 1948-66, while the nine industries with below-average productivity
advance raised employment by 11 per cent. The aggregates of the two sets of
thirteen and seven manufacturing industries showed somewhat higher rates of
increase in employment—26.6 and 12.8 per cent, respectively. One manufac-
turing industry, paper products, was not included since it showed the average
2.5 per cent rate of productivity advance.
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These results are consistent with the mild positive correlation found
between rates of change in productivity and in labor input for the thirty-two
two-digit industries. So we may conclude that within the industry groups,
rates of technological advance as reflected in productivity indexes are at least
neutral and possibly positive relative to employment changes. The opposite
conclusion for the one-digit industry' segments reflects the factors mentioned
above in explanation of the lack of correlation between relative changes in
productivity and output.

Causal Factors

The estimates of productivity change by industry provide an opportunity for
quantitative analysis of causal factors beyond that provided by the global
estimates for the private domestic economy. That is, if estimates of those
causal forces which are prominent in theoretical explanations can be devel-
oped on an industry basis, they can be related through regression analysis to
the differential industry rates of productivity change. This will make possible
identification of the significant independent variables and quantification of
their impacts.

Generally, it would be desirable to measure not only the average levels of
the causal variables during the period under consideration but also their rates
of change. There are many problems associated with this kind of multivariate
analysis, of course, which we shall point out after' discussing the chief
independent variables it would be desirable to quantify on an industry basis,
if possible.

Starting from the general theoretical framework sketched at the end of
Chapter 4, it would be essential to try to measure the real stocks of intangible
capital embodied in the tangible factors employed in the various industries. In
particular, it would be desirable to try to measure the real intangible stocks
resulting from research and development designed to improve the quality or
productive efficiency of the producers' goods and processes used in the
various industries, and the real stocks of knowledge and know-how per
employee in the various industries resulting from education and training. It
would also be of value to estimate the real stocks per employee resulting from
health and mobility outlays, by industry, since these also influence produc-,
live efficiency.

Unfortunately, intangible capital stock estimates have not been prepared
on an industry basis, so proxy variables have to be used. Anotherproblem is
posed by the fact that the intangible investments and resulting capital
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affecting productive efficiency in a given industry may have been financed in
a different industry, or by government. For example, farmers have benefited
greatly from research and development outlays by manufacturers of farm
machinery, fertilizers, et cetera, as well as by publiä education, government
and university research, extension services, and so on. This complicates the
problem of estimating intangible capital used in an industry.

Next, attempts would have to be made to measure Industry differences
and changes in the variables that affect the rate of return on total capital,
intangible and tangible, employed in the several industries. As mentioned in
Chapter 4, chief among these are differences and changes in the degree of
economic efficiency in the allocation of resources among and within indus-
tries. If economic efficiency cannot be measured directly, measures can be
assembled relating to institutional forms and practices affecting the degree of
competition, changing competitiveness, and other elements of efficiency
among industries.

The scale factor, as it interacts with changes in productivity, can readily be
quantified in terms of differences in levels or rates of change in, output or
capacity, by industry. The problem here is that scale is not only a causal
factor but also a result of productivity advance, as explained earlier in this
chapter.

Also of possible significance over cyclical and intermediate time periods
are differences in levels, and changes in rates, of capacity utilization. In the
period 1948-66, for example, the various industries had. .different average
capacity-utilization rates for the period as a whole, as well as in the first and
last years, which may well have influenced the estimated rates of productivity
advance, particularly when the compound-interest formula is used to com-
pute the rates of change.

Finally, it would be relevant to attempt to measure possible changes in the
average inherent quality of human resources, and of natural resources, espe-
cially in extractive industries, used in production. With regard to the former,
the content of the labor input unit, the man-hour, may have been influenced
by changes in average hours worked per year, as argued by Denison; so this
variable might well be included in the regression analysis in lieu of a direct
average man-hour quality measure. Similarly, measures of the changing com-
position of resource stocks and inputs may be associated with changes in
average quality.

Even if one had valid estimates for all the variables set fàrth above, or for
those specified. in any other theoretical schema, there would inevitably be
various qualifications attaching to the empirical results of a multivariate
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analysis. In the first place, the theoretical framework itself may be deficient,
and fail to specify all the significant variables, or the correct form of
particular variables with respect to lags, et cetera. Secondly, available econo-
metric techniques may be inadequate to deal with certain difficult problems,
particularly collinearity reflecting complex interactions among the indepen-
dent variables. Finally, alternative models may produce equally good results.

Furthermore, as a practical matter, it may not be possible to compile or
prepare direct estimates for all the variables specified in the model. Some of
these may be approximated by proxy variables, with varying degrees of
accuracy. Even the direct estimates will generally be subject to varying (and
often unknown) margins of error.

For all these reasons, the results of multivariate analysis must be inter-
preted with caution. It is chiefly as a spur to further theoretical and statistical
work that we present in the final section the results of some statistical
analyses of the rates of productivity change 1948-66 in the twenty-one
manufacturing industry groups.

An Experiment with Regression Analysis
The points of departure for the regression experiments described in this

concluding section are the theoretical framework discussed above, as well as
an earlier cross-sectional regression analysis by Nestor Terleckyj, reported in
Productivity Trends. Using our earlier estimates of rates of change in factor
productivity in twenty manufacturing industry groups for the period
1919-53, Terleckyj regressed a variety of independent variables, and found
two to be significantly correlated with the industry rates of productivity
change: ratios of research and development outlays to sales, and the cyclical
variability of output.9 In addition to these variables, we use eight others
suggested by our theoretical analysis. As will be seen in the following
discussion, it was seldom possible to obtain direct estimates of the "ideal"
variables, and more or less reasonable proxies were used.

The independent variables will be discussed in the order they are shown in
the column headings of Table 6-10, which presents the values of the vari-
ables. Following the first column, showing rates of change in total factor
productivity, we enter the rates of change in output and in real tangible
capital stock (columns 2 and 3). These variables are intended to represent the

9 The findings, and limitations, of Terleckyj's study are pointed out in Productivity
Trends, pp. 177-88.
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scale factor. As mentioned earlier, the problem with using rates of change of
output is that it is the result as well as a cause of productivity advance.
Because of this interaction, we ran the multiple regressions both including
and excluding it. The use of the rate of change in the capital variable was
likewise an attempt to get away from the output-productivity interaction by
using the volume of fixed capital as a measure of scale.

Variability in rates of change of output is one of the variables found to be
significant by Terleckyj, except that we measure it by the average deviation
of annual percentage changes in output from the mean. per cent change
(column 4). This variable would be closely related to the average rate of
utilization of capacity, mentioned in the theoretical discussion. We do not
have measures of the changes in percentage utilization of capacity, by
industry, between 1948 and 1966, which, if marked, could also influence the
rates of productivity advance.

Although we did not have estimates of the real stock of educational capital
embodied in tangible labor by industry, we were able to obtain estimates of
the average number of years of education per employee (column 5) from the
1960 Census 1/1,000 sample. Likewise, although industry estimates of the
real stock of knowledge resulting from research and development were not
available, industry estimates of ratios of R&D outlays to sales were available
for the base period, 1958 (column 6). For neither of these variables were data
available to permit calculation of rates of change between 1948 and 1966.

Estimates relating directly to the inherent quality of human resources and
inputs are not available. But we do include the variable "average hours
worked per year" (column 7), calculated from the Census 1/1,000 sample,
which may be relevant to the energy content of each hour worked, as
discussed above.

The last three variables are relevant to possible changes in economic
efficiency, as well as to the rate of introducing innovations into firms and
plants in the industries. Concentration ratios in the base period
(1958) and changes in concentration over the period 1947-66 are computed
from Census Bureau data, as detailed in the notes to Table 611. The table
shows that the average concentration ratio in manufacturing as a whole did
not change significantly over the nineteen-year period, so changes in the ratio
could hardly have influenced changes in productivity for the segment as a
whole. But given the widely different levels of the concentration ratios within
the two-digit manufacturing industries, and the frequently significant changes
in the degree of concentration within these industries over the period, the
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cross-sectional analysis provides a means of testing the effect of concentration
on innovation. The direction of the effect is controversial in the literature.
Some economists claim that a high degree of competition spurs innovation
and productivity advance; others follow the lead of Schumpeter in arguing
that a small number of large firms in an industry are in a better position to
engage in the research, development, and engineering activities that result in
innovation. Terleckyj found no significant influence of the degree of concen-
tration on interindustry rates of productivity advance. But since we have a
somewhat different collection of independent variables, and for a more recent
period, we have included the concentration variables.

Finally,. we include estimates of the percentage of employees belonging to
unions in the base period, 1958, a variable not included by Terleckyj. As in
the case of concentration, there appears to have been little trend in the
unionization ratio for all manufacturing over the period.'0 We did not have
the data for estimating changes in unionization ratios by industry, but the
differences in ratios in 1958 are considerable and make it possible to test for
a possible effect of these differences in rates of productivity advance.

Here, again, views differ on possible effects of unionization. The work
rules of some unions may affect productivity levels. But, unless the relative
incidence of these practices changes significantly, they would presumably not
affect rates of productivity change. But to the extent that unions are able to
affect rates of innovation in the plants of an industry out of their understand-
able concern about immediate employment impacts, they obviously could
have an effect on rates of productivity advance. Unions may also take actions
which promote productivity advance. To the extent that wage rates may rise
faster in more heavily unionized industries, for example, this could spur a
higher rate of substitution of capital for labor and thus a faster growth of
labor productivity, if not of total factor productivity. Only quantitative
analysis can indicate what has been the net effect of unionization on produc-
tivity.

We have had to confine our regression analyses to the twenty-one manu-
facturing industry groups shown in Table 6-10, since some of the variables are
not available for the nonmanufacturing groups. As the first step in the
analysis, we ran simple correlations between the average annual percentage
rates of change in total factor productivity, as the dependent variable, against

10 See H. G. Lewis, Unionism and Relative Wages in the United States, Chicago, The
University of Press, 1963, Table 72, p. 244. Lewis estimates that union
membership as a percentage of persons engaged in the U.S. civilian economy was 25.6 in
both 1947 and 1960.
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TABLE 6-11

Concentration Ratios in
Manufacturing, by Industry Group,a

1947, 1958, and 1966b

. Weights (1958)C

• (A) Value of (B) Value Percentage Concentration
Shipments Added
(In Millions (In Millions)

• of Dollars) of Dollars) 1947 1958 1966

23,615 14,696 28.94 30.36 30.86
everages 5,024 2,836 30.76 32.04 36.99
obacco 3,722 1,413 83.45 73.94 74.45
extiles 6,812 4,858 23.57 26.37 30.90

7,983 6,004 13.57 12.95 18.55
.umber products 1,431 3,177 15.42 20.63 21.26
urniture 2,355 2,349 18.93 15.75 16.78
aper 375 5,707 43.57 39.23 41.12
rinting, publishing 7,756 7,923 23.64 21.41 20.63

12,658 12,270 47.40 45.51 41.89
etroleum refining 15,110 2,518 36.91 31.87 32.17
lubber products 257 3,277 81.44 68.29 67.43
'eather products 3,401 1,897 26.52 23.85 23.57
tone, clay, glass 5,256 5,529 49.42 51.30 51.58

metals 9,463 11,671 42.73 46.16 44.02
metals 7,340 9,412 36.41 32.55 28.79

lachinery except electric 4,040 12,391 40.29 40.86 40.07
lectric machinery 6,351 10,395 60.75 61.43 62.91
'ran sportation equipment
and ordnance 13,518 15,284 58.38 63.94 65.34
istruments 1,790 2,906 55.40 59.19 60.82
Liscellaneous 3,814 4,754 27.13 26.95 30.50
otal manufacturing
(A) weights 142,071 38.18 38.10 38.56
otal manufacturing
(B) weights 141,267 40.88 41.07 41.28'

Source: Computed from Annual Survey of Manufactures—1966: Value of Shipment Concentration
atios by Industry, U.S. Department of Commerce, Bureau of the Census. The (B) weights, value
Ided, come from 1958 CenSUS of Manufactures, Volume II, U.S. Department of Commerce, Bureau
f the Census.

a Average percentages of shipments in each of the selected groups originating in the largest four
rms of the component four-digit industries.

b 1954 ratios were used for 1947 in twenty-one cases, and 1963 ratios were used for 1966
I twenty cases out of 225 industries in the total for all of the three years.

C The (A) weights represent the value of shipments of the sample of industries in each group.
'he (B) weights represent total value added in each of the groups as a whole.
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each of the nine independent variables. The results are summarized in the
matrix of coefficients of correlation in Table 6-12.

Some of the simple correlation results are of considerable interest. The
only independent variable showing a significant direct degree of correlation
with rates of productivity change is the rate of change in output. To the
extent that there are errors in the output variable; the correlation may be
spurious in part, since output is the numerator of the productivity ratio. As
also noted earlier, the correlation reflects an interaction, the relative output
changes being a result (through associated relative price changes) as well as a
cause of the relative productivity changes.

It should also be noted that the output changes are rather highly corre-
lated with rates of change in real capital stocks (the other scale variable),
average education, the research and development ratios, and, to a lesser
degree, with concentration ratios. The same intercorrelations exist for capital
changes.

Because of collinearity, and the reciprocal aspect of the relationship, we
ran the multiple correlations described below both with and without the
output-change variables.

With regard to the other variables, average education per employee shows a
significant degree of correlation, at the 0.05 level, with average hours worked
and, at the 0.01 level, with the rates of change in output and capital as well as
with the R&D ratio. The latter is not only significantly correlated with all the
independent variables mentioned previously but also with the concentration
ratio (at the 0.05 level). Average hours worked per year is significantly
correlated only with average education, as cited above, while the concentra-
tion ratio is correlated, also atthe 0.05 level, with the three variables already
cited. No significant correlation with any of the other variables is shown for
variability of output change, rate of change in concentration, and unioniza-
tion ratio.

The multicollinearity among the several independent variables makes it
difficult to arrive at meaningful multiple regression equations. When the rate
of change of output is included in the correlations, its influence tends to
suppress that of other variables to which it is related, such as R&D, or to give
them the "wrong" sign. Nevertheless, the final outcome of a stepwise trial
using all the independent variables is of interest;"

We progressively eliminated variables with the lowest t values, until we were left
with vaflables whose t values were significant at the 0.05 level.
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Ply = 3.179 + 0.3050 - 0.035 U
(4.475) (2.810)

where Ply is the average annual percentage change 1948-66 in total factor
productivity; 0 is the average annual percentage rate of change in output over
the same period; and U is the percentage of employees of the industries
belonging to labor unions in our base period, 1958.

The coefficient of multiple correlation of 0.773 is significant at the 0.01
level. The t value for the rate of change in output is likewise significant at the
0.01 level, while that for the degree of unionization is significant at the 0.05
level (just under the 0.01 value). It must be remembered that, in part, the rate
of output change also stands for the R&D ratio and average education per
employee, with which it is highly correlated. It should also be borne in mind,
in interpreting the regression results, that output change is correlated with the
concentration ratio. In the first step of the analysis, concentration did appear
with a negative sign, indicating .that the less the degree of concentration (as
with unionization), the higher the rate of growth of productivity. But the t
value for the concentration ratio was only 0.706, and it dropped out in later
steps.

When the rate of change in output is dropped from the multiple regres-
sions, for reasons adduced above, the coefficients of multiple correlation are
lower, but the equations are interesting. The final result of the stepwise
procedure is as follows:

Ply = 0.5 68 + 0.407 Ed - 0.037 U.
(2.364) (2.319)

The variables are as before, except that average education of employees
replaces output change as the significant independent variable in addition to
the degree of unionization, which continues to show a negative relationship
to the rate' of productivity advance. The coefficient of multiple correlation is
0.593, significant at the 0.05 level.

At an eaElier stage in the analysis, the R&D ratio and average hours worked
(H) also showed up in the multiple regressions with positive signs:

Pty = -1.084 + 0.254 Ed + 0.046 R&D + 0.002 H - 0.037 U.
(1.102) (0.554) (0.976) (2.156)

But the t values for these variables (except for unionization) are not signifi-
cant at the 0.05 level. However, the coefficient of multiple regression of
0.63 3 is significant at that level.

The results of the multivariate analyses must be interpreted in the light of
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our earlier theoretical discussion. The positive influence of the scale factor as
measured by rates of output change is to be expected; but the numerical
result is ambiguous because of the reciprocal reaction of productivity change
on output change. The positive influence of average education per employee
(and the related R&D ratios) is in accord with growth theory. It would have
been desirable to include rates of change in average education and R&D
ratios, but the data did not peimit it. The negative influence of the degree of
unionization tells us that apparently the influence of unions with regard to
the rate of innovation and changes in economic efficiency has outweighed
possible positive union influences mentioned earlier. Even this result is not
unambiguous, of couEse, in view of the possible correlations between unioni-
zation ratios and other parameters.

In conclusion, we emphasize again that the results of our cross-sectional
analyses are intended to be suggestive, not definitive. It is hoped that
eventually more satisfactory estimates can be prepared of the variables
included in the theoretical construct for the full range of industry groups. In
particular, it would be desirable to compile time series of the several relevant
types of real intangible capital stocks on an industry basis, as well as
additional estimates relating to institutional forms and practices that affect
economic and technological efficiency.

Other analysts, of course, will use somewhat different theoretical ap-
proaches than the one we have employed, and will therefore have a somewhat
different set of independent variables for empirical implementation. But
regardless of the precise theoretical model, the cross-sectional analysis of
productivity change will be an important supplement to macroeconomic
analysis in the continuing effort to explain the causes of productivity ad-
vance. It is hoped that the estimates presented in this volume will make a
useful contribution to these studies.




