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contributions of other changes in the composition of the labor force.
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education. Another finding of the study is that while the value of
investment per student in constant price rises for males and females
with elementary and secondary education, this value peaked for
college trained males in 1955 and for college trained females in
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The purpose of this paper is to analyze the contribution of educa-
[0

tion to U.S. economic growth during the years from 1948 to 1973. This

remarkable quarter century has been dominated by a powerful upward thrust

ED229515

iﬁ the level of U.S. economic activity. In 1973 the output of the civi-
léan economy stood at 1.306 trillicn dollars of 1972; by contrast output
in 1948 was only 498 billions. The increase in the lavel of economic
activity from 1948 to 1973 was greater than the rise over the whole pre-
c;ding course of American history.

The growth record of the U.S. economy over the period 1948-1973
is all the more striking in view of the experience of the two preceding
decades. The years ?rom 1929 to 1948 were.dominated by the Great Depres-
sion of the 1930's and the Second World War. For this period Christen;
sen and Jorgenson (1970) have estimated the rate of growth of the U.S.
private domestic economy at 2.1 percent per year. For the periﬁd 1948~
1960 the U.S. growth rate rose to 3.6 5ercent per year; from 1960 to

- 1973 the growth rate averaged 4.3 percent, more than double the average

from 1929 to 1948.
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In this paper we employ'a novel perspegtive on postwar U.S. econ-
omic growth. We show that the driving force behind the massive expan-
sion of the U.S. economy between 1948 and 1973 has been a vast mobili;a—
tion of capital and labor resources. &he most important single contri-
bution to U.S. economic growth during this period was made by the growth
in capical inpuz. The contribution of capital iant averaged 1.6 per-
cent per year for the period 1948-1973. The contribution of labor input
was another important source of U.S. economic growth, averaging 1.1 per-
cent per year from 1948 to 1973.

Capital and labor inputs ccmbined contributed 2.7 pefcent per year
to the growth rate of 3.9 percent for the output of the U.S. civilian
economy from 1948 to 1973. These two inputs accounted for more than
two-thirds of the growth of output that took place. By contrast advances
in the level of technology contributed only 1.2 percent per year to the
growth of output, less than half the combined contributions of capital
and labor inputs. Accordingly, we have‘emphasized the mobilization of
capital and labor rgsources rather than advances in the level of tech=-
nology in analyéing postwar U.S. economic growth.

The contribution of education to economic growth takes place
through enhancement of the productivity of individual members of the
labor force. Increases in hours worked through gains in employment con-
tribute to the growth of labor input. In addition; labor input grows

through increases in the proportion of hours worked by more productive

members of the work force. We identify this component of growth in
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labor input with growth in labor quality. In our approach the growth of
labor input is the sum of growth in hours worked and growth in labor
quality. Change in the educational composition of the labor force is a
very important source of gro;th in labor quality. However, the contri-
bution of education musf be separated from the impact of changes in the
composition of the labor force by sex, age, employment status, and occu-
pation.

To implement our approach to the analysis of sources of U.S. econ-
omic growth we have developed a methodology based on an explicit model
of production and technical change. This methodology is based on an
aggregate prodgction function giving output as a function of capital and -
labor inputs and time} To identify the role of education in economic
growth we represent labor input as a function of types of labor input
that differ in marginal productivity. We combine the production func-
tion and labor input as a function of its components with necessary con-
ditions for producer equilibrium. These conditions make it possible to
identify the marginal product of labor input with the ratio of the wage
rate to the pricé of output. Similarly, we can identify the marginal
product of each type of labor input with the ratio of its wage rate to

the wage rate of labor input as a whole.




To analyze the sources of U.S. economic growth and fq identify the
contribution of education we first allocate the growth of aggregate out-
put between contributions of capital and labor inputs and changes in
the level of technology? We then separate the contribution of each input
between growth in an unweighted sum of its components and growth in input
quali:y.3 Labor quality is defined as the rat;o between the labdr input
index and the unweighted sum of hours worked. To identify the role of
education we represent labor inmput as a function of tvpes of labor inpuc
broken down by chéracteristics of individual workers such as sex, age,
education, employment status, and occupation? Utilizing this breakdown
of labor input into its components, we allocate the growth of the quality
of labor input among the contributions of changes in the composition of
the labor forca by sex, age, education, employment status and occupation.
This analysis enables us to separate the coﬁtribution of education to
economic growth from the contributions of other changes in composition
of the labor force.

In Section 2 fre aralyze the sources of U.S. economic growth for
the period 1948-1973. We show that the contribution of labor quality is
a very important source of U.S. economic growth, accounting for 0.45
percent per year of a total contribution of labor input of 1.09 percent
per year. The quality of labor inpuc/grows through increases in the pro-
portion of hours worked by the more productive members of the labor force.
Invéection 3 we analyze the contribution of education to the growth of

labor input in the U.S. economy. We show that the contribution of




education accounts for 0.67 percent per year Of\a\total growth in the
quallty of labor input of 0.72 percent per year, \\\

While the contribution of education to U.S. eco;ém%c growth is
obviously highly significant, our analysis of the source;\a§ ecoﬁomic
growth is subject to very important limitations. The most ;;igical
limitation is that educational investment in any year contributgéxto
growth in the quality of the labor force in that year, but also engégces
the productivity of individual workers in future years, A second limil
tation is that measures of labor input focus atkention exclusively omn
market labor activities -- hours worked and wage rates of employed per-
sons. Education also contributes to social welfare through nonmarket
activities of individuals employed in the labor market and through
the activities bf individuals not participating in the labor market.5

In Section 4 we attempt to overcome some of the limications of our
analysis of educatign as a source of economic growth by presenting a
measure of investment in educatiou. The most importént innovations in
our measure of investment in education are these: First, our concept of
human capital is based on lifetime labor incomes for all individuals in
the U.S. population.6 Second, we incorporate both market and nonmarket
activities into our measures of labor incomes. This makes it possible

to provide measures of lifetime labor incomes for individuals employed

in the labor market and for individuals not involved in the labor market.
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Third, our measures of investment in education are based on a system of
demographic accounts that includes accounts for school enrollment.
Fourth, we combine these accounts with economic accounts for the value
of available labor time to obtain measures of investment in education
for the U.S. economy as a whole.

To implement our methodology for aralyzing the sources of U.S.
eocnomic growth we have constructed a completé set of U.S. national
accounts for capital and labor inputs as well‘as for output at the aggre-
gate level. This system of accounts complements the existing U.S.
national accounts for output developed by the Bureau of Economic Analy-
sis (1977). Our accounts can be integrated with existing natiomal
accounts for capital formation and wealth in the form of nonhuman capi-
tal developed by Christensen and Jorgenson (1969, 1970, l§73a, l973b).
Similarly, to implement our methodology for measuring investment in edu-
cation we have constructed a set of U.S. national accounts for capital
formation through education. Our accounts can be integrated with a new

system of U.S. national accounts developed by Jorgenson and Pachon (1982a,

1982b) that includes capital formation and wealth in the form of human

capital.




2. Sources of U.S. Economic Growth

In this section we allocate the growth of aggregate output between
growth in capital and labor inputs and changes in the level of techmology.
We construct data on the rate of technical change by combining price and
quantity data for value added, capital input? and labor input. We employ
a translog quantity.index of themte of technical change, equal to the .
difference between the change in the logarithm of value added from period
to period and a weighted average of changes in the logarithms of capital
and labor inputs.8 The weights are given by average shares of each input
in value added for %he two ﬁeriods.

The starting'point for our measure of the rate of aggregate tech-
nical change is a production account for the U.S. economy as a whole in

. 9 . , .
current prices.” The fundamental accounting identity for the economy as

" a whole is that the value of output is equal to the value of input from

the producers’ point of view. The value of output excludes sales and
excise taxes and includes subsidies received by producers. The value of
input includes the ;alue of primary factors of production inco:porating
supplementary payments aﬁd payroll taxes includeé in labor compensation
and property taxes andvother taxes on property compensaﬁion. Valuation =
from thé point of view of the‘producer is intermediate between valuation
J

at market prices and valuation at factor cost.

Given our definition of output and input from the point of view

.

of the producer, the aggregate production account takes the form given

in Table 1. The valhe of output from the point of view of the producing




Table 1

AGGREGATE PRODUCTIOMN ACCOUNT: CURRENT PRICES

10.

11.

12.

REVENUE
—_—

Gress domestic civilian product

+

+

Services of consumers' durables

Services of durables held bg institutions

Net rent on ingﬁitutional real estate

Pederal indirect business tax and non-tax accruals
Capiéal stock tax

State and local indirect business tax and non-tax accruals
Business motor vehicle licenses

Business property taxes

quiﬁess other taxes

Subsidies
{

£y

Value of output from the point of ;2§w of ‘the producing sector.,

QUTLAY .

Income originating in business

+

+

Income oziginating in households and institutions
Incoume originating in civilian government

’
Capital consumption allowances
Business transfer payments .
Statistical discrepancy ‘ d A
Services of consumers' durables ~

/

Services of durables held by insftutions

.Net rent on institutionzl real estate

Certain indirect business taxes
(revenue account above, lines 6 + 8 + 9 + 10)

Value of input from the point of view of the producing sector.
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in the U.S. national iﬁcome and product accounts, the services of con=-

|
|
sumers' durables, the services of durables held by institutions, and net
' rent on institutional real estate. The value of indirect business taxes
on output, net of subsidies, is excluded from the value of output from
the point of view of the producing sector. The net value of these taxes
is equal to the sum of federal and state and local business tax and non-
i ] tax accruals, less the faderal capital stock tax, state and local busi-

sector is equal to the sum of‘gross domestic civilian product, as defined

ness motor vehicle licenses, property taxes and other taxes, and federal ‘

subsidies. ‘
As an accounting identity, the value of output is equal to the

value of input from the point of view of the producing sector. The

value of input includes income originating in business, housegolds and

institutions, and civilian government, as defined in the U.S. national

income and product accounts. The value of input also includes capital T

consumptiog allowances, business transfer‘payments, the statistical

discrepancy, and certain indirect business taxes on prOperﬁy and pro-

per£§ compensation. Finally, the value of input includes thé imputéd

value of services of consumers' durables and durables held by institu-

tions and net rent on institutioﬁal real estate.
Revenue and outlay accounts are’ linked through capital formation

and the corresponding compensation of capitalIServices. To make this

li;k explicit, we divide the value of input frém the point of view of

the producer between labor and property compensation. Property compen=

sation also includes profits, rentals, interest, capital consumpticn

ERIC | 10
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allowanceg, business transfer payments, the statistical discrepancy, the
property compensation of self-employed, and dirdct taxes included in out= -
lay on capital services, including business motor vehicle licenses, pro-
pérty taxes, and other taxes. Labor compensation includes the compensa-
tion of employees and the labor compensation of the self-employed.

The quantity of aggregate value added is the sum of the quantities

of value added in all sectors:

k]

vV = £V, ."
1

We can define the price of value added for the economy as a whole Py in

terms of prices of value added in all sectors {p;}:

gV o= Py LV,
i
z Py Vi .

Value added for the economy as a whole is equal to the sum of value added
over all sectors. The quantity index of value added, the corresponding

,
price index, and value added iﬂ'all sectors are presented for the period

1948-1973 in Table 2.

™
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Table 2

AGGREGATE VALUE ADDED

S11

YEAR PRICE QUANTITY VALUE ADDED
1948 «535 498.420 266.613
1949 .527 497.007 261.742
1950 . 544 539.467 293.227
1951 .582 578.305 336.845
1952 .599 597.858 358.356
1953 .600 621.816 372.991
1954 .617 620.042 382,434
1955 .622 664.014 413.164
1956 .633 692.491 438.434
1957 645 707.485 456.351
1958 .667 705.689 470.376
1959 674 748.836 504.652
1960 .689 771.174 530.978
1961 695 788.039 547.613
1962 .706 828.168 584.367
1963 .708 867.460 614.488
1964 .722 914.627 660.355
1965 .743 967.928 719.641
1966 .773 1020.897 789.336
1967 <794 1049.774 833.063
1968 .823 1101.789 906.418
1969 .876 1134.840 993.783
1970 .904 1137.615 1027.976
19;1 .948 1168.719 1108.318
1972 1.000 1233.220 1233.220
1973. 1.065 1306.251 1391.316
12
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Our next objective is to implement.an index of productivity for the
economy as a whole empirically. We assume that valué added V can be
expressed as a trénslog function of capital input K, labor imput L, and
time T. The corresponding index of productivity growth is the translog

index of the rate of technical change ;T:

¥y = 1n V(D) - 1n V(T-1) - Vg [1a x(D) - 1n x(m)] ’\

- ;L E.n L(T) - lnIKT-l)] ,

where weights are given by average shares of capital and labor inputs,

GK and GL’ in value added for the economy as a whole:

v

. %[vK('r) . vK(r-n] ,

7 = -;-EVL(T) + vL('r-l)] ,

- 1
vl, = -Z-EVT(T) +vT(T-—12-J y
and 4
? pKK
/
p L

——
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The value shares are computed from data on the quantities of value

added, capital input, and labor input and the corresponding prices,

pv’ EK’ and pL. ‘
We assume that capital input and labor input can be expressed as

translog functions of individual capital inputs {Kk} and individual

labor inputs {Lg}: 10

1n K(T) - ln K(T-1)

z -;Kk [1n K (T) - 1n Kk(T'—l)] )

in L(T) = 1n L(T-1) z vu_[ln Lz(T) - 1n Ll(T-l)] ,

where weights are given by average shares of quantities of value added,

capital input, ard labor input in the value of the corresponding aggre-

gates:

;;I

1
- [VKk(T) + VKk(T-l)] ’ (k=192-°-p)1

<
0
ol

%) [VLQ(T) + VLQ(T-I)] , (2=1,2...q),

and:

N 'S
Kk = Ipp K, (k=1,2...p),

»
L% P oly (2=1,2...q9).
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The value shareé are computed from data on capital inputs and their prices
{pKk} and labor inputs and their prices {pLz}'-

We next compare the rate of technical change and growth in capital
and labor inputs as sources of growth in value added. We present annual
growth rates for value added, capital input, and labor input for the
period 1948-1973 in Table 3. The rate of growth ofvvalue added is the
sum of the average rate of technical change and a weigEFed average of
rates of growth of capital and labor inputs with weights given by the
average value shares of the inputs. We present the share of capital.
input in value added in Table 3. The value share of labor input is
equal to unity less the value share of capital input. Applying these
weights to the rates of growth of the corresponding input identifies the
contribution of each input to economic growth. We present the weighted

growth rates of capital and labor inputs and the average annual rate of

technical change in Table 3.

Value added grew rapidly throughout the pariod 1948-1973 with
declines in 1949, 1954, and 1958 and a very‘low but positive growth rate
in 1970. The declié;s lasted for a single year and were followed by
sharp recoveries in 1950-1951, 1955, and 13959. Turning to the growth of
capital input, we find that declines in value addéd during the period
1948-1973 were followed by reductions‘in the rate of growth of capital

. /
input one period later. By comparisah with the grbwth of capital inﬁut,
the growth of labor input was considerably more uneven. While the growth

rate of capital input was positive throughout the period, substantial

declines in labor input coincided with declines in value addéd in 1949,

15




Table 3

CONTRIBUTIONS TO GROWTH IN AGGREGATE OUTPUT 1948-1973

AVERAGE CONTRIBUTIONS TO GROWTH IN AGGREGATE
VALUE |
SHARE OF | VALUE ADDED:
: VALUE CAPITAL LABOR CAPTTAL CAPITAL LABOR TECHNICAL
YEAR ADDED INPUT INPUT INPUT INPUT INPUT CHANGE
N
1949 ~.0028 .0630 -.0346 .3470 .0215 -.0226 -.0017
1950 .0819 .0375 .0390 .3610 .0137 .0247 L0434
1951 .0695 .0710 .0516 .3576 .0247 .0337 ..0110
1952 .01332 .0555 .0262 .3452 .0198 .0165 -.0031
1953 .0392 .0340 .0175 L3470 .0118 L0114 .0160
1954 ~.0028 .0389 ~.0285 .3523 .0136 -.0186 .0020
1955 . 0685 .0316 .0311 .3677 .0122 .0194 .0378
1956 .0419 .0530 .0211 .3648 .0193 .0139 - .0086
1957 .0214 .0416 .0013 .3541 .0148 .0005 .0059
1958 ~.0025 .0348 -.0278 .3572 .0121 -.0174 .0027
1959 .0593 .0153 .0356 .3675 .0061 .0223 '~ .0308
1960 .0293 .0347 .0281 13723 .0129 .0178 -£0014
1961 .0216 .0320 -.0101 '\ .3720 .0115 -.0064 .0165
1962 .0496 .0234 .0374 L3714 .0088 .0229 ~.0178
1963 .0463 .0363 .0110 3721 .0132 .0073 ' .0257
1964 - .0529 .0350 .0263 3748 .0134 .0163 .0231
1965 . 0566 .0407 .0348 .3801 .0151 .0211 .0203
1966 .0532 .0549 . 0424 .3801 .0210 .0265 .0055
1967 .0278 .0594 .0162 .3758 .0222 .0103 -.0046
1968 .0483 .0456 ©.0236 .3705 .0167 0146 0169
1969 .0295 .0469 .0259 .3655 .0172 .0162 -.0038
1970 .0024 .0470 ~.0041 .3562 .0165 -.0025 -.0116
1971 .0269 .0305 .0031 .3518 .0107 .0015 .0146
1972 .0537 .0346 .0233 .3596 .0123 .0147 . 0266
1973 .0575 .0469 .0421 .3621 .0171 .0273 .0130

rr
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1954, and 1958; declines in labor input also took place in 1961 and

1970. Finally, the pattern of technical change, like that of labor input,
was relatively uneven with declines in the level of technology in 1949,
1952, 1960, 1967, and 1965-1970. Rapid growth in the level of technology
{s associated with recoveries in the growth of value added in 1950, 1955,
and 1959. Rapid growth in the level of technology also took place dur;ng
the period 1960-1966; this period was characterized byﬁunusually rapid
growth of value added, capital input, and labor imput.

The average value share of capital inpug was very stable over the
period 1948-1973, ranging from .3470 in 1949 and 1953 to .}801 in 1965
and 1966. Accordingly, the cyclical pattern relating growth in val&e:
added to the contributions of capital and labor inputs is virtually
identical to the patterns relating gro&th in value added to growth in
capiral and labor inputs. Coépéring the contributions of capital and -
labor inputs and the rate of technical change as sources of g:owthrin
value added, we find that the contribution of capital input was positive
throughout the ﬁeriod'from 1948 to 1973 and relatively even. By contrast,
the contribution; of labor input and the rate of technical change were

negative for five and six of the twenty-five periods, respectively, and

relatively uneven.

The contribution of capital inpué provides the largest single con-
tribution to the growth of output in ten of the twenﬁnyive periods
from 1948-1973. The contribution of labor input provides the largest
singla contribution in four of these periods. Finally, the rate of

technical change provides the largest contribution in ten periods. We

ERIC 18
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find that the contribution of capital input is greater than that of
labor input in fourteen of the twenty-£five periods. The contribution &f
capital input is greater than the rate of'technical change in thirteen
of the twenty-five periods. Finally,‘the contribution of laygfﬁinput "
is greater than the rate of technical change in only eleven of qﬁ; |
twenty-five periods. : :
We have allocated the sources of growth in value added among
growth in capital and labor iﬁputs and the raté of technical change.
v We next decompose the rate of growth of capital input between rates of
growth of cap{;al stock A and quality of capital stock QK' :Similarly,
we decompose tﬁe rate of growth of labor input between rgt;s of growth
of hours worked H and quality of‘labor hours QL‘ Using indexes of the

quality of capital stock and hours worked, we can decompose the rate of

growth of value added as follows:ll

1n W(T) - 1n V(T-1) 2%
P

- ;x (1n A(T-1) - 1n A(T-2)]

[1n Qu(T) - in QK(T-I)]

- ‘VL {1n QL(T) - 1n QL(T-I)]

+ v {1n H(T) = ln H(T-1)] *;r .

ERIC *© - 19
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The rate of growth of value added is the sum of a weighted average of
the rates of growth of capital stock and hours worked, a weighted aver—-
age of the ;ateS'of growth of quality of capital stock and hours worked,
and the rate of technical change. In Table 4 we present weighted aver-
of growth of the quality oé capital stock and hours worked for the
periad 1948-1973. We also éresent weighted rates of growth of capital
stock and hours worked for the same period. ‘

.We find that the growth of capital quality is an important socurce

of growth of capital input, but that it is dominated by the growth of -

positive rates of growth throughout the period 1948 to 1973. The slow-
e

|
|

, .

capital stock. Both components of the growth of capital input have ’ !
1
|

downs in the growth of caﬁital input in 1950, 1955, 1959,tand 1971 wé;e

associated with declines in rates of growth of both capital stock and

its quality. Growth in the quality of‘hours worked is an importaﬁt

source of growth of labor input, with positive fates of growth in, every

year from 1948 to 1973, except for 1961 and 1972. By comp;rison the

growth in houfs worked is considerably more erratic with declines in

1949, 1954, 1957-1958, 1961, and 1970. Only the decline in houzs

worked that took place in 1957 failed to cecincide with a decline in

labor input. The growth of hours worked exceeded the growth of the

quality of hours worked as a source of growth in labor input in seven-
' .

teen of the twenty-five periods from 1948 to 1973.
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Table 4
CON’:RIBUTIONS TO GROWTH IN AGGREGATE INPUT AND
THE AGGREGATE RATE OF TECHNICAL CHANGE, 1948-1973

QUALITY OF QUALITY OF

CAPITAL CAPITAL HOURS HOURS
YEAR STOCK STOCK WORKED WORKED
1949 .0093 .0122 .0004 -.0230
1950 .0058 .0079 . 0085 .0161
1951 . 0107 .0140 .0077 .0259
1952 .0083 .0115 .0126 .0028
1953 .0041 .0076 .0052 . 0062
1954 .0053 .0083 .0032 -.0218
1955 .0038 .0073 .0011 .0183
1956 .0073 .0119 . 0042 ,0097
1957 .0051 ., 0097 . 0066 -.0060
1958 .0044 .0076 .0033 -.0208
1959 .0013 .0047 .0048 .0175
1960 .0042 .0086 .0140 .0037 *
1961 ©.0036 .0078 -.0032 -.0031
1962 .0025 0063 .0110 ,0118
1963 " ,0043 .0089 .0016 .0056
1964 .0033 .0100 .0060 .0103
1965 .0040 - ,0110 .0019 _ .0191
1966 ° .0073 .0137 .0079 : .0186
1967 .0080 .0141 .0047 .0055
1968 .0055 .0111 .0043 ,0103
1969 .0055 .0116 .0005 .0156
1970 s 0052 .0113 .0067 -.0092
1971 . .0029 .0077 .0011 ,0004
1972 .0027 - .0095 -.0038 .0186
1973 .0051 - ,0119 .0034 .0239
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We have analyzed the sources of growth of aggregate value added in
the U.S. economy over the period 1948-1973 on the basis of annual data
from the aggregate proddction account presented in Tables 3 and 4. Next
we summarize these data for the period as a whole and for six subperiods
~— 1948-1953,  1953-1957, 1957-1960, 1960-1966, 1966-1969, and 1969-1973
— in Table 5. The first:part of this table provides data from Table 3
onvgrowth in output and inputs. The second part summarizes data from
Table 3 on the contributions of capit;l input, labor input,.and the rate
of technical chaﬁge to the growth of output from Table 3. The third
part presents decoﬁposixiéns of both the contribution of capital input
into components associated wifh capital quality and capital stock and-
the contribution of labor input into componenté asséciated with labor
quality and hours worked. ' The final part contains a decomposition éf
ﬁhe rate of.agéregate tecﬁnical change into components associated with
rates of\sectoral technical chan;e and the reallocations of value added,
capital input, and labor input among sectors.

For the pgriog 1948-1973 aggregate value added grew at 3.85 per-
cent per year, whilercapital input grew at 4.18 percent per year, indi-
cating that the ratio of‘capital input to output has risen 4uging the
period. By contrast labor input grew at only 1.73 percent per year
while the rate of aggregate technical change averaged 1.25 percent per
yéa;. The average annual rate of growth of value added reached its
m;;imum at 4.67 percent during the period a960-1966, grew at an averagé

annual rate of 4.42 percent in 1948-1953, and fell to a minimum of 2.87
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Table 5

%, . .
‘ AGGREGATE OUTPUT, INPUTS, AND PRODUCTIVITY: RATES OF GROWTH, 1948-1973
(AVERAGE ANNUAL RATES OF GROWTII) .

VARTABLE 3

1948- 1948~ 1953- ©  1957- 1960- 1966- 1969~

1973 1953 1957 1960 1866 1969 . . 1973 )

. VALUE )

ADDED .0385 0442 +0323 .0287 .0467 .0352 .0351
CAPITAL - y .
INPUT .0418 .0522 .01.13.‘.> .0283 .0371 .0506 .0398
LABOR ’ ,
INPUT .0173 .0199 .0063 .0120 .0236 .0219 .0161

CONTRIBUTION OF

CAPITAL INPUT .0151 .0183 .0147  .0103 .0138 .0187 . 0142

] . . .

CONTRIBUTION OF ‘ .

LABOR INPUT .0109 .0127 .0038 .0076 .0146 .0137 .0103

RATE OF . ‘ , ) | 1w
Fovd

TECHNICAL CHANGE .0125- .0131 . 0136 . 0107 .0182 .0028 .0107




Table 5 (Concluded) E
AGGRECGATE OUTPUT, INPUTS, AND PRODUCTIVITY: RATES OF GROWTH, 1948-1973

\
\
| (AVERAGE ANNUAL RATES OF GROWTIL)

VARIABLE . 1948~ 1948~ 1953~ 1957~ 1960~ 1966~ 1969-
1973 1953 1957 1960 1966 1969 1973
e

CONTRIBUTION OF .
CAPLTAL QUALITY .0052 0076 . 0054 .0033 .0042 .0063 .0040

" CONTRIBUTION OF
CAPITAL STOCK .0098 .0106 .0093 .0070 .0096 .0123 .0101

@ONTRIBUTICN OF
LABOR QUALITY . 0045 .0069 .0038 .0074 0042 .0032 .0018

CONTRIBUTION OF ' )
HOURS WORKED ™ .0063 .0058 .0001 .0001 .0104 .0105 - .0084 ' h

25 | | 26
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percent per yeér during the period 1957-1960. The average annual rate
of growth of capital input reached a maximum of 5.22 percent from 1948-.
1953, grew at 5.06 percent per year during the périod 1966~1969 and

fel% to a minimum of 2.83 percent per year in 1957-1960. The rate of
groéth'of labor input reached its maximum during the period 1960-~1966
at 2.36 percent per'year, gtéw at 2.19 percent per year during the
period 1966-1969, and fell to a minimum of .63 percent per year in
1953-1957.

To anglyze thejgéﬁfces of U.S. economic growth for the period
1948-1973, we next consider the contributions of capital and labor
inputs, ;nd the rate of technical change as sources of growth in value
added. For the period as a whole the contribution of capital inmput
averaged 1.51 percent per yeaf, the contribution of labor input averaged
1.09.percent per year, and the rate of technical change averaged 1.25
percent per year. Capital input is the most important source of growth
in four of the six subperiods =—— 1948-1953, 1953—-1957, 1966-1969, and
1969-1973. Techn;ca} change is the most impor%ant source of growth during

the two subperiods 1957-1960 and 1960-1966. Our overall conclusion is

that capital input is the most important soufFe of growth in value added,

|
technical change is the next most important, and labor input is the least

important. This conclusion 13 supported by our analysis eof growth for

the period as a whole, by data for subperiodé given in Table 5, and

by the annual data presented in Table 3.
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In order to analyze the contributions of capital andylabor inputs
in more de;ail, we consider data on the contributions of capital stock
and its quality and hours worked and their quality for the period as é
whole and for the six subperiods presented in Table 5. For the period
1948-1973 the contribution of capital stock accounts for almost two-

thirds of the contributioﬂ of capital input. This quantitative
relationship between capital stock and its quality characterizes most
of the period. The average contribution of capital quality reached its
maximum at .76 percent per year in 1948-1953, averaged .63 percent per
year during the period 1966-1569, fell to a minimum of .33 percent per
year in 1957-1960 and averaged .40 percent per year in 1969-1973. The
contribution of capital stock rzached its maximum at 1.23 perce;t per
year in 1966-1969, averaged 1.6éypgycent per year during the 1948-1933,
and fell to a minimum of .70 percent per year in 1957-1960.

'
For the period as a whole the contribution of hours worked, _

exceeded the contribution of labor quality. For the first hafﬁ\o;&zhe
period the contribution of hours worked’féll below the contribution of
the quality of hpurs’worked. For the last half of the period the con~
tribution of hours worked accounts for almost two-thirds of the contri-
bution of labor input.. The average coﬁtribution of labor quality
.reached its paximum at .74 percent per year in 1957-1960 and déclined

/
steadily to a minimum of .18 percent per year in 1969-1973. The con~

3

tribution of hours worked reached its maximum of 1.05 percent per year
N %, .

from 1966-1969, averaged 1.04 percent per year during the period 1960~

1966 and only .0l percent per year during the periods 1953-1957 and

1957-1960.
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We find it useful to provide additional perspective én our approach
to measuring aggregate productivity by comparing qur sources and methods
with those of other éﬁudies of aggregate productivity. Our measure of
the quantity of aggregate output is based on quantities of value added
in each producing sector. Our measures of the quantities of aggregate
primary factor inputs are based on all types of primary factor inmputs.
Finally, our measure of aggregate productivity is an index number con-
gtructed from data on prices and quantities of value added in all sec-
tors, all types of capital input, and all types of labor imput. This
measure of productivity is based on a model of production and technicai '
change for the economy as a whole with the quantity of value added repre-
gented as a function of capital input, labor input, and time.

For the U.S. economy as a whole Christensen and Jorgenson (1969,
1370, 1973a, 1973b) have employed an approach to productivity measurement
that is broadly';imilar to ours. Their study of aggregate productivity
covers the period 1929-1969 for the private sector of the U.S. economy.
Christensen, Cuﬁmings, and Jorgenson (1978, 1980) have extended the
estimates of Christensen and Jorgenson through 1973. As in our study,
aggregate value added is defined from the producers' point of view,
including the value of sales and exciSe taxes and including the Value.of
subsidiés. However, the quantity of value added is measureqd as an index

of deliveries to final demand rather than the sum of quantities of value

added over industrial sectors. The quantity of capital input is divided
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among categories of the labor force broken down by educational attain-
ment, but not by sex, age, employment class, or occupation.

The empi;ical results of Christensen, Cummiﬁgs, and Jorgenson
(1980) for the period 1948-1973 are very similar to ours. For this
peripd their estimate of the average rate of growth of value :Hded for
the private domestic sector of the U.S. econohy is 3.95 percent per
year; by comparison our estimate of the rate of growth for the civilian
sector of the U.S. econ;my is 3.85 percent per yeér. The two estimates
are not precisely comparable since Christensen,'Cumminés, and Jorgensén
do not include government sectors in their measure of value added. They
estimate the average rate of growth of capital input at 4.16 pércent per
year for the period 1928—1973; our estimate for this period is 4.18 per-
cent per year. ’Tpese estimates are for the same sectors of the U;S.
economy, Since neither set of estimates includes capital input for the
government sectors. Christensen, Cummings, and Jorgenson estimate the
average rate of growth of labor input at 1.61 percent per year, while our
estimate is 1.73 perc;;t per year.. Finally thcir estimate_of the average -
rate of technical cg;nge is 1.33 percent per y=zar, while our estimate is™”
1.25 percent per year. Again, the two estimates for labor input and the

rate of technical change are not precisely comparable since we include

labor input for the government sectorsy and they do not.
1 ; ’

Christensen, Cummings; and Jorgenson (1979, 1980) have presented
estimates of aggregate productivity for Canada, France, Germany, Italy,
Japan, Korea, the Netherlands, and the United Kingdom as well as for

the United States. Their estimates cover various periods beginning

[

after 1947 and ending in 1973; the estimates cover the period 1960-1973
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for all countries. Groes and Bjerregaard (1978) have developed com-
parable data for Denmark for the period 1950-1972. On the basis of the
close corre5pondence between our results for the U.S. economy as a whole
and those of ChriseenSen, Cummings, and Jorgenson, we conclude that it
is appropriate to compare our aggregate results with those for the other
countries presented in their study.

Denison ( 1974) has provided estimates of aggregate productivity
for the U.S. economy as a whole covering the periqg>}929-1969. Earlier,
Denison (1967) presented comparable estimates at the aggregate

level for Belgium, Denmark, France, Germany,'the Netherlands, Norway,

the United Kingdom, and the United States for the period 1950-1962,

Walters (1968, 1970) has given estimates for Canada for the period 1950-
1967 and Denison and Chung (1976))have given estimates for Japan for tne
period 1952-1971 that are closely cemparable to Denison's estimates for
the United btates. A detailed comparison of the results of Christensen-
and Jorgenson (1969, 1970, 1973a, 1973b) and those of Denison (196/) is
given by Jorgenson amd Griliches 1972a,.1972b).

¥or tne'U.g. econom§ as a whole Kendrieck (1961, 1973) has ewployed
an approach to the measurement of value added through summation over the

quantities of value added in all sectors with weights that change periodi-

. ecally. Siwmilarly, nis estimate§ of capital and labor inputs are con~

scructed by summing the corresponding quantities over all sectors with
periodcally changing weights. He also presents estimates of capital and

labor inpucs based on unweighted sums of the quantities for all industrial

«




28

sectors. Kendrick employs unweighted sums as a variant of his principal
estimates, which are based on weighted sums with weights that_ depend on
property and labor compensation by sector. Christensen and Jorgenson

and Denison disaggregate capital and labor inputs for the economy as a

whole by categories of capital stock and hours worked, but not by sector.
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3., The Contribution of Education

In the previous section we have presented a prodhction account for
the U.S. economy;as a whole, including measures of aggregate value added,
capital input, and labor input. We have utilized these data to allocate
the growth of aggregate dutput among the rate of technical change and
the contributions of capital and labor inputs. In this section we analyze
the growt% of labor input in greater detail in order to identify the con-
tribution of education to U.S. economic growth. >We assume that aggregate
labor input can be expressed as a translog function of individual types
of labor inputs, cross-classified by sex, age, education, employment
status, and occupatioﬁ. A measure of aggregate labor input can be con-
structed as a translog quantity index number.

For each of the components of labor input the flow of labor ser-
vices is proportional to hours worked. Defining aggregéte hours woréed
as an unweighted sum of its cdmponents, we can define the aggregate index
of the quality of hours worked as an index that transforms aggregate hours

P
worked into the-translog index of aggregate labor input. This quality

index reflects changes in the composition of aggregate hours workea by

sex, age, education, employment status, and occupation. To analyze the
sources of quality change in aggregate labor inpuﬁ, we intfoduce partial
indexes of labor input, adding hours worked ami the sharerf labor com-
pen§ation over some characteristics of the labor force and constructing

a translog index over the remaining characteristics.12
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To analyze the sources of changes in the quality of aggregate labor:

input we introduce the contributions of each characteristic of labor
input as the difference between the rate of growth of the correspondiﬁg'
partial index of labor input and the rate of growth of aggregate hours
worked. For example, the contriburion of education to the quality of
aggregate labor input is defined as the difference between the rate of
growth of a partial index of labor input donStructed by adding hours
worked and the share of labor compensation over all other characteris-
tics of the labor force -~ sex, age, employment status, and oc;upation -
and constructing a traﬁslog index over educational groupings.

In this section we begin by outlining the generation of data oﬁ
la@or input. To disaggregate labor inpuf into éomponeﬁts that diffegﬁin
\;marginal productivity we measure wages along with hours worked for labo;

input broken down by characteristics of individual workers. A novel fea-
ture of our data on labor input is that we utiiize data from both estab-
lishment and household surveys. We have controlled estimates of employ-
ment, hours worked, and labor compensation to totals based on\establish—
ment surveys from the U.S. national income accounts. On the basis of
household surveys we havé allocated these totals among categories of the
work force cross-classified by characteristics of individﬁai workers.
The resulting estimates of hours worked and average compensation per
hour provide the basis for our price‘;nd quantity indexes of labor inmput.

Qur data on labor input are cross-classified by the two sexes, elght age

gr&ups, five educational groups, two employment classes and ten occupa-
3 -

tional groups given in Table 6.l
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Table 6
CHARACTERISTICS OF LABOR INPET

SEX: EMPLOYMENT CLASS:
(1) Male (1) Wage and Salary Worker
(2) Female . _ (2)  Self-Employed/Unpaid Family Worker
AGE: . OCCUPATION:
(1) 14-15 years (1) Professional, Technical, and

Kindred Workers )
(2) 16-17 years ~ )

(2) Farmers and Farm Managers
(3) 18-24 years
(3) Managers and Administrators,
(4) 25~34 years except Farm
(5) 35-44 years (4) Clerical Worker'
(6) 45-54 years (5) Sales Workers
(7) 55-64 years (6) Craftsmen and Kindred Workers
(8) 65 years and over ‘ , (7) Operatives
’ (8) Service Workers, including Private

EDUCATION: . Household
(1) 1-8 years grade schodl (9) Farm Laborers
(2) 1-3 yeafs high school ~ (10) Laborers, except Farm
(3) 4 years high school /
(4) 1-3 years college

(5)

4 or more years college




Our first step in'developing measures of labor input is to construct
employment ﬁatrices cross-classified by sex, age, -education, emp}oyment
status, and occupation for each year on the basis of household Surﬁeys
from the last three decennial Censuses of Population and the Current
Population Survey. The resulting employment matrices are controlled
to employment totals OQ'the basis of establishment surveys from the U.S.
national income and product accounts. Establishment surveys provide an
enu?eratioﬁ of jobs rather than persons at work, while household surveys
count only persons actually at work during the survey week. By using
establishment-based estimates of the number of jobs and assigning to ;
absent workers the average annuai hours worked by indiviﬁuals with com-
parable characteristics, we are able to estimate hours worked for each
type of worker on an annual basis.

We gstimate HOurs worked by workers cross-classified by demographic
characteristics on the basis of household surveys. We adjust the result-
ing estimates to control totals from the U.S. national accounts. We.
define hours worked,for each category of labor input as the_prdduct of
employment, hoﬂrs worked per week, and the number of weeks in the calen-
dar year, fifty-two. Our measure of the quantity of labor input is ﬁoﬁrs
'worked‘for each cell of a matrix cross-classified by the characteristics
of individﬁal workers. The concepts empioyed in our estimates of labor
input reflect Fhe cgnventions.used in the most recent Census of Popula-

tion and in the Current Population Survey.

we 36
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Our third step in developing megsures of labor input is to con-
, ‘ -
struct labor compensation matrices for each year on the basis of the last

three decennial Censuses of Population;' The data provrﬁe estimates of
average comﬁensation-per person rather thanraverage cowpensatidn per job.
To combine these data with estimate; of the nﬁmber of jobs from estab-
lishment surveys we first convert average compensation per person to
average compensation per job. For this purpose we gene@ate matrices of
weeks paid per §ear for each catego£y of workers. The average number of
weeks paid per year, divided by fifty-two, provides an eigimate of the .
number of jobs per person in each category. Labor compen;;tion is the
product of average compensation per person, tha numbe; of jobs per per-
son, and the number of jobs. Estimates-of average compensation per pef—
son and the number of weeks paid per year are based on household surveys,
while estimates of the number of jobs are based on ;stablishment surveys.
Control totals for annual labor compensation are taken directly froé the
U.S. national income accounts.

To estimate azg;age hourly compensation per person for employees
we begin w;th data on wage and salary income from the last three
decennial Censuses of Population. lnifferences in outlay on labor |

input per person reflect differences in marginal products among workers.

However, the cost of labor input from the point of view of the producer

also includes supplements, so that differences in wage and salary income .

must be adjusted to incorporate employers' contributions to social

security and unemployment compengaiion and other supplements to wages
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and salaries. The Census also provides data ~n total income and
earnings. Total income includes property income and transfer pay=eats;

esrnings include both property and labor income from self-employment.

Earnings reported by Ehe Census for self-employed workers and
income of unincorporated enterprises from the U.S. national incoce
accounts include both labor and property income. We have divided
income from unimcorporated enterprises between labor and property com-

ponents, assuming that after tax rates of return are the same for

corporate and noncorporate business. Labor compensation is distributed

améng the self-employed on the basis of wage differentials among e=plovees.

To derivé labor compensation per hour worked for each category of labor

input, we divide total labor compensation by annual hours worked Ior

each category. Average labor compensation per hour provides a measure

of the price of labor input fof each cell of a métrix cross-classiiied

by the characteristics of individual workers. ey

Our final step in constructing data on labor input is to combine

price and quantity data, cross-classified by sex, age, education, amplov-

ment class, and.occﬁpation into price ;nd quantity indexes of labof

input. A novel feature of our approach is that we employ a translog

quantity index of labor imput. The change in the logarithms of

labdr input from period to period is a weighted average of chaﬁges in the

logarithms of hours worked for the componenﬁs of labor input. The weights
~ are given by the average shares of each component in labor compensation

A

for the two periods, We also derive a measure of total hours worked by

adding hours worked across all categories of labor input. We define the




qua{ity of hours worked as- the ratio of I;boi input to hours worked.
ghanges in thé‘quélity of hOués worked represent the differences,betweenw
changes in an index of labor input with;hsurs worked weighted by average -
labor compeﬁsation and changesAén an unweighted index. \
To .construct an index of.aggregate labor input we assume that .
aggregate labor input, s;er(T), can be expressed as a translog function

of its individual components, so that the translog quantity indes of

aggregate labor input takes the form:

1n L(T) - 1n L(T-1) = I vm[m L,(T) - 1n Lz(r-ﬁ:l i .

where weights are given by the average shares of'the individual compo-

nents in the value of aggrégate labor compensation:

- 1 | L
VLL - EEVLE(T) -+ VLE(T-la ’ (9. - 1, 2 l'tq))
" and: ’
P, L ' :
L7y :
v = ) (2:1, 2'.qq)'
L2 #szsz !

THe value shares are computed from data oﬁ”hours worked {LI} and compen-

.

sation per hour {pLL} for each component of aggregate labor input, cross-

classified by sex, age, education, employment class, and occupation

.

.

7
of workers.’ , ) .
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In quantifying the effect of changes in the cOmposition'of hours
worked we begin with the recognition that the relationship between labor
services and hours worked is not the same for all categories og labor iaput.
For each of the compoments of aggregate labor ingput {LQ(T)} the flow of

labor services is proportional to hours worked, say {HQ(T)}:

Lp.m = QLl.HQ(T) , - (g =1, 2 ... 9)y

vhere the constants of groportionality {Q} transforn hours worked into
flows of labor services. Each of the scalars {QLz} is specific to a given
category of labor input but is independent of time. It necessarily follows
that the translog quantiiy index of aggregate labor input cen be expressed
either in éerms of its components {Lz} or in terms of the components of

hours worked {L,} or in terms of the components of hours worked {Hy}:

1n L(T) = 1n L(T-1) = T szEn Ly(T) = 1n L,(7-1)] ,

=z, [In By (1) - 1o B(T-D) .

and occupation. Changes in

component are weighted by average .spates in the value of aggregate labor

compensation.

N
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The relation Setween aggregate labor input and aggregate hours
worked is a function of the changing composition o{ éggresate hours
worked. More precisely, it depends on the factor of proportionality
that transforms aggregate hours worked into aggregate labor input.

We can define aggregate hours worked, say H(T), as the unweighted sum

of its components,
H(T) = HI(T) .

We can then define the agsregate index of the gualitvy of hours worked,

say QL(T), as an index that transforms aggregate hours worked into the

translog index of labor input:

L(T) = QD) &(D.

It follows that the growth rate of the aggregate index of the quality

of hours worked can be expressed in the form:

rd - .
1n Q(T) - 1n Q(T-1) = £V}, [ln H (T) - 1 H£<T-1)]

- El.n H(T) - 1n H(T-l)] .

The quality index reflects changes in the composition of asgfegate hours

worked by workers classified by sex, &ge, education, employment class, and
i
occupation.

hY
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Ixd

The aggregate index of labor inmput, the corresponding price index, and
the index of the quality of hours worked are presented for the period 1948~
1973 in Table 7. Annual data for emp%pyment, weekly hours per person,
hourly coﬁpensation, and total labor compensation and hours worked are also:
reported. The important conclusion to be derived from Table /7 is that
rorty-three percent of the average annual rate of growth of labor input is
accounted for by & shift in the composition of hours worked. The reczaining [
growth in labor input is due to growth in unweighted annual hours repcried
in the last column of Table 7. Labor input increeses at an av;rage rate
squel to 1.73 percent per year. The aggregate quality and uaweighied hours
indexes increase at average ennual rates equal to .74 and .99 percents,
respectively.v

Our next objective is to analyze the effects of changes in the
composition of total hours worked For this purpose we consider the

components of hours worked, say {H (T)}, cross-classified by sex,

saecoi
age, education, employment class, occupation, and industry. Previously,
we have used a singie subscript ¢ to represent cafegories of labor input
cross-classified b;yall charactéristics except for industry. The sub-
script has represented 1600 categories of labor input. In our new nota-
tion labor input is cross-classified by two sexes represented by the
subscript s, eight age groups represented by a, five education classes
represented by e, two emplovment classes represented by c, ten occupa=
tional groups represented by o, and fifty-one industry groups represented
by\i. Similarly, we consider the shares of the components of labor

input in the value of labor compensation for theeconomy as a whole, say

veaecoi(T)’ cross-classified by sex, age, education, employment class,

veeupation and industry.




TABLE 7

AGGREGATE LABOR INPUT

LABOR INPUT

“YEAR" WEEKLY HOURLY HOURS
PRICE QUANTITY OUTLAY QUALITY EMPLOYMENT HOURS PER COMPENSATION WORKED
PERSON
“~

ftoud «330 5311.760 175.6176 .B3%9 61639 19,3 1.39 1261142
1949 «330 S13.668 169,354 L840 60145 58,9 1.39 121752
1950 YT 533.610 184,967 ~ RS0 61684 13,9 1.48 1249177
195] 392 562.669 2720.288 JAbl 6u2lsn 38.9 1,69 130137
195¢ JUu2 “1171,204 232,060 A78 6U9AY 18,7 1.77 130R8A
1953 Lut8 SH7 . 104 245,519 . BHS 65982 38,4 1. Hb 132154
1954 Ju217 570,791 243,599 890 bUSH 33 8,0 1,91 127715
1955 LUdy HYAK,. 601 259,246 B892 6bl178 8.1 1.97 131392
1956 bl 601,721 281 .A5A .B917 6717130 37.9 .11 1335554
19%7 2492 b2, 288 296,054 <207 67880 i7.4 2.24 132181
1958 <511 80,070 209,483 911 bbils 57.0 2.4 12R028
1959 .522 607,191 317.024 L9118 68028 17.°2 2. 41 131674
1900 «H 33 6lU . 684 353,009 L9240 bBI42 37.0 2.52 132179
1961 567 blH, 309 340,429 «93h HhHA2 Y 6,7 2.6l 111684
1902 .92 byt , 554 I6T.15% UL 10127 Jo.H 2.74d 1343198
1963 «H 94 H118  Hn9 LIRS . HH? <954 70830 36,7 2. 45 13541%
| Y o0l bbb, 005 411,233 963 72%32 Ih.5H .99 137660
1965 .bdd oy, 197 $an,01% 2966 lasi? i6.59 3.18 141988
1960 sb6H3 719,392 491,534 JATY 17717 6.2 3.%0 tu63t?
196/ o713 731,399 K21.1%% L4986 79098 15,8 3.4%3 147633
1968 L1671 JTuh . 674 ST4.420 993 #1010 315.6 3.43% 150090
1969 JH2Z Thh 102 631 .54% .99 81247 15.5 4.11 1S3444
1970 Hlb 165,146 b70.18% 1.004 A3245 15,0 qg,42 1916130
1971 R 767,025 714,159 1.006 ALLY0 (1,9 4,71 151767
1972 1,000 TR HHK IR, HBA 1,000 B50HYS 34,9 5.02 {S624b
1975 1.0kb K19,269 RHY 08y 1.009 89310 34,9 S .18 12217
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Our analysis begins with the construction o "partial” indexes

of labor input. We can define a partial index of labor input by adding

hours worked and value shares over some characteristics of the labor

force and constructing a translog index over the remaining characteris-.

tics. More specifically, we can define a first-order index of labor

input corresponding to each characteristic of labor input by adding

hours worked and value shares over all other characteristics of labor
input and construcﬁing a translog index over the single characteristic
of interest. Since there are six characteristics(of labor input -fsex,
age, education, émployment class, occupation, and industry -- the??
are six first-order indexeﬁ of laber input. For ekaﬁple, the first-

~ i order index Qr labor input corresponding to sex, say Ls’ can have its

growth rate expressed in the form:

= v &
\ Alan-ivs ln HS"

= saecol !

g S

1

v Ai1nZZIC
aec

[0 o |

i H
i

where:

vy %[VS(T) + vs(Tn-H] ’

saecol '’

v = Tz
aec

[0 o]

v
RN i

and the A notation signifies first differences in the associated vari-

able, for example:
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Aln Ly = 1n LS(T) - 1n LS(T-l) .

The resulting first-order index corresponds to sex, but not to agé,
education, employment class, occupation, or industry;

We can define a second-order index of labor input corresponding

to any two characteristics of labor input by adding hours worked and . -
value shares over other characteristics and conSﬁructing a translog

index. The second-order index corresponding to sex and age, for example,

reflects changes in the compasition of agzregate hours worked by sex

and age, but not by education, employment class, occupation, or industry.

There are fifteen second-order indexes of labor input generated by combi-

nations of two of the six characteristics of labor input. All second-

order indexes are defined in Table 8 together with the six first-order '
indexes. ‘

Similarly, we can define third-, fourth-, fifth-, and sixth-order

indexes of labor input corresponding to any three, four, five, or to
' v . -
all six characteristics of labor input. Continuing our example, tme”

third-order index qorrééponding to sex, age, and education reflects

changes in the compositicn of aggregate hours worked by these character-

istics, but not by employment class, occupation, and industry. The

fourth-order index corresponding to sex, age, education, and class of

employment, reflects changes in the composition of aggregate hours worked

by these four characteristies. Each fifth-order index captures composi-

N

tional changes among all but the excluded characteristic. The twenty




42

third-order, fifteen fourth-order, and six fifth-order indexes are de-
fined in Table 8 as is the single sixth-order index which reflects
cowpositioﬁal shifts among all characteristics of labor input.

| Special attention must be focused on the fifth-order index of
labor input corresponding to‘all characteristics of labor input except
industry. This index corresponds to the index of aggregate labor input
L(T) defined above. Recall that the growth rate of the index

can be expressed in terms of the components of hours worked {Hl} :
in L(T) = 1n L(T-1) = X;Ll E.n Ho(T) - 1n HQ‘(T-l)] .

In terms of our new notation, this expression has the equivalent form:

Aln L = E g i E g Veaeco 818 Hgaaeo
=L LIZLZL Vgeco Aln L H
saeco i

saecoi ° ' '
To construct this index we add hours worked over industries to obtain

hours worked cross-claSsified by all characteristics except industry.

Similarly, we add value shares over industries, obtaining:

vL -

=V . e
saeco Saecol

=L v
i
This index must be contrasted with the sixth-order index of labor input

sorresponding to all six characteristics of labor input. This latter

index\reflects changes in the composition of labor input by industry

as well as the five remaining characteristics. . -




TABLE 8 |
PARTIAL INDEXES OF LABOR INPUT
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HOURS WORKED (ONE INDEX):

H

AMMn H= Afn Z Z L L .
' saecoi
s ae

o

o™

i

FIRST-ORDER (SIX INDEXES):

AfnL =TV AfnH,
- S S
-
saecoi’

SECOND-ORDER (FIFTEEN INDEXES):

An Lsé =TI vsa Aln/gsa,
S a !
=IIv AnIIZE
s a sa e co

THIRD-ORDER (TWENTY INDEXES):

=TIV _AMnIIcrH .
S saecol
s ae c

FOURTH-ORDER (FIFTEEN INDEXES):

v Atn H

dn L =III: ,
saec saec saec saec
=T IIIV Afn IZ H .
saec saec oi saecol
FIFTH-ORDER (SIX INDEXES):
Ain Lsaeco =IIflli vsae:co'“‘n Hsaeco’
saeco
Y mLILXEI vsaecov Afn L Hsaecoi'
saeco i
SIXTH-ORDER [ONE INDEX):
An L = T ] 7 LK
" Ysaecoi E,E E E § E V sgecoi o1 quecoi.

- .48
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To complete the set of partial indexes of labor input we add hours
worked over all characteristics of the labor force to obtain an index
of aggregate hours worked., This index does not reflect any change in
the composition of Llabor input. The single index of aggregate hours
vorked is defined in Table 8 .  There is a total of sixty-four partial
indexes of labor input, corresponding to the six characteristics of
the labor force. We present these sixty-four pértial indexes of labor
input annually for the period 1548-1573 im Table 9. These indesxes

form the basis for our analysis of the effects of the changes in the

postwar compoesitiion of aggregate hours worked, au

Qur next objective is to identify the contributions of the
changing sex, age, education, employment class, occupation, and industry

composition of total hours worked to aggregate economic growth. For

thiﬁ purpose, wWe first define an index of total labor qualiiy that cap~
tures the effect of all changes in the composition of hours worked.
This index is defined in terms of the aggrezate hours worked and sixth-
order partial indexes dgscribed in the preceding section. The rate

of growth of the index of total labor quality is defined as the differ-
ence between the rate of growth of the sixth-orger partial index of
labor input and the rate of growthvof aggregate hours worked. To ana-
lyze the effects of changes in the quality of hours worked, we can de-
compose the index of total labor quality into components corresponding

to the contributicns of changes in the composition of laber inpqt.




Table 9

. TRANSLUG INDEXES DF LARLK THPUT
YEAMK HOURS 8 ¢ . A E 0 B | SC d
1944 JH07 JRun .7176 JBib .h9? . 151 o751 ANy
1949 AL B3 Jlun 791 670 JI12 128 L1173
1950 . 199 LAsn 172 L0 692 139 747 798
1951 JH82 JAng AN a0 120 114 . 193 LAY
1452 JH37 WRT0 ALY LA60 . 129 JIRT JBOU JH3H
195§ Hus A4 LH22 JETO 7139 195 A1y JHUH |
1954 N7 Lhal Y LHu3 L1719 Iy . 181 Iy |
1955 JHi L JAbA JN20 Ny 142 . 192 ~h07 SR |
1996 JAH JNRO JHlb _HBD o 151 JALY JH2h JAGY - N
19517 S RUb CHBO JH2O Y F 56 507 A2 JRae
1954 LA19 L9 03 L L1359 . 78S 790 M7
1959 JAng Mol J20 LHoo w161 LAL0 JAL7 JRad
1960 JAu7 JHTQ a2 .u79 S 19 JA21 JH5Y |
1901 P N57 JH2R R Aln JAL2 NB JAUD |
1902 _B5A YK CHih Y NTEE AR YT 159 1
1903 JHbBH L B850 JHHA LA08 ~ JRay <HS0 ° JAnA |
1904 LA o oA} SN2 L4900 LH29 " A60 JHOT L4873 |
1905 o0 020 Y T4z 859 TAAS L 49N 912
1900 .930n L9006 032 © .99 .B93 928 <935 901
19617 L9uil UL U NTR .959 TS .59 a7 949 '
190l 960 JInb L9518 9713 920 L4949 WYhS TN
1969 - K o7 R ITR JUOT LW O LY 9N YHb
1970 L9110 L0717 T LK TR L0 973 . <970
1971 L0171 L0173 L0710 976 .963 .79 071 LHTt
1972 1000 1.000 1. 000 1.000 1,000 1.000 1.000 1.000 .
1973 1.038 1.037 1.039 1.08% 1.04R L.0a2 1.019 . 1.0848 4
AVERAGE » Lu101 LON0R2 016 L0094 166 L0138 L0130 L0102
ANNUAL RATE ’ y

OF GROWTH .




TRANSLOG THDEXES OF L ARLUK TNPUT

Table 9 (Contlnued)

-

YLAK SA Sk 50 S! CA Ct co ~-Cl1
1944 Y JJ12 . 753 LA70 .11R 669 LTt L7417
1949 LH20 LBl . 126 LT 152 .bll? .6R9 719
1950 L850 LT 151 163 . 7185 yZu Y JJu3”
1951 «R79 . 137 . T80 JHOH AN 701 .7182 .7R9
19%2 . HHY b . /198 JHIR B30 JI11 . 705 RO
1953 LA9A L1457 Juon JHER Y 122 L1710 LAL0
1954 «Hh9 « 115 . 781 o 195 NI .701 L7417 . .178
1955 «h90 . 150 LH03 bia <R <126 «. 11712 LA04
1956 900 771 JH21 LH37 HS50 LT3 . 790 . <823
1957 JHOQ L7608 LALH 32 41 703 . INR LAL9
1954 YY) . 109 . 194 JHUD 8249 126 . 1bb 2181
19%9 JHH2 173 LBt Leh 851 . 7151 . 794 LH1U
1900 L9000 . 119 N7 LHud T <161 JNNS LH19
1961 R0 . 105 LHe2 27 LHU9 . Ibb <799 819
1962 TR A2 YR Lhup NBR .195% JR21 .B3b
1903 <HY9 17 JAS0 Lbho e N0 LHl LHul
1964 910 LI N69 L6 TP LR2U LH92 “Hob
1765 XY LBRA T L90h ,918 +HS5 .8A1 LAu8
1906 960 La01 L9340 Luat .947 91 T .92 939
1967 LU07 <9173 RCTITS L9513 <957 . 905 LAY «9idh
19cH LORD La3 . 965 RO 012 .28 Y «InS
1969 Y97 T LORO 901 <4913 957 LN 990
1970 .099 RUEY TR R « 992 LT 909 <9173
1971 LHTH RCTIS: JONL W92 L9714 962 979 971
1972 1000 1.000 1,000 1.000 1000 1,000 1.000 1.000
1973 1,082 1 0l 1.039 1.038 1.033% l.0ul 1,043 1.039
AVERAGE LO0TR L0154 0129 L0119 L0114 .0180 0152 L0132
ANNUAL RATE y

OF GROWTH

93

24

1%




Table 9 (Continued)

AHNNUAL RATE
O GHOWTH

e TRAMSLOMG TUDEXES OF LARDR INPUTY

YLAR At A AL Fu F " ScA SCL

19644 L7 L uu < 15% Lok - G . 136 No7 .h8Y
1949 JHTH 120 . 128 Ny b . 109 1717 b}

1950 . 115 o754 « 1H4 LOlY «HHY « 136 JHEN .bid
1051 . 132 Y RLY Y U038 . 115 126 . 119 LR43 AR
1952 7417 Y LAY L . 139 193 «HY9 o 12%
1953 « 159 NN LH30 Ry « 749 JRN2 LHbb « 136
1954 .74 . 1ho JHon 1y 7122 . 769 Hie .714
14955 . /b A2 JH20 137 . 1Un « 19% «H60 Ry
j9%0 o179 H2Y o Al . 155 « 165 JHIT JN73 <7193
1957 L7174 JH27 LB LAY . Ihii JROH +Ahb . 152
1Y58 b1 Lhid YR Y RY/ 739 780 R 7133
1959 L 1HL AP LAl L60 o 164 JA0R .Hh1l e 159
1960 JRUO AUl “JRab L1170 174 819 LHBH2 RN
1901 /91 L) JNE7 YA 176 LH09 +HSY o773
1962 .Hes IS L AHH T YY) .833 LATA JHUP
1903 RS JHaN o ABY LY A1t R LY LHOY
19m0 LS AT Jhaar JB20 LNl JHA0 2900 R Y
1965 LAT9 L9038 LIRS LH99 . BB BAQ 926 LHbS
fYbo LU0 RURSE LUl L9u0 TS 9453 ALY »H2Q9
1967 P 950 RO LOt2 91y 90 965 -
1968 LU T RUNIN LU385 Quy T L0118 42
1909 NI MULHE VR LUbY AR e 991 U7 L A
1970 L9617 LONT L9491 U2 . 954 N2 . 999 - 953
1971 L9971 LORY Julhk LOTu b 2LV 977 LY
1972 1,000 {00 1,000 IR 1,000 1,009 t.000 1.000
19754 1,043 1,037 {0 1.050 1.0dn 1.042 1,043 t.oug

4
AVERAGE Ulot NIRES L1206 LOLT3 LN1T0 L0189 L0099 L0170

9%



Table 9 (Continued)

[RAHNSLOG 1WbhEXES UOF LARUR INPUT

YEAR sco SC L SAF SAL SAl SEN SF 1 sol
19ay 129 L7038 LI L7161 176 L694 e .749
19449 L1038 71343 «hIH Y . Tl 610 .bhi 121
1950 L7125 751 J122 767 LT <693 <692 L7406
1951 Jbu RPN RN LHon LH21 126 AT L1H9
1952 17 +H12 VTR H17 LY .73%9 L7449 JRO2
1S3 LTHI HZ? olIb Jb2h <HIR 150 L15h LHL2 |
1954 o 159 o190 LYY Lhu3 Hlb 126 FPY AL |
195" VLN A 111 Jhen JAL0 LTUR L7152 JHUP 1
1950 LB JH2 190 . hiq TS .T6b T R0 }
1957 JTUY el Y EY) Ky LY 168 LT HAlo i
1954 IS L7494 o 109 L3 ALY L744d . luu LY |
1959 LHOD JHhe2 L7192 NEYS JHiN . 109 T T |
1900 022 Y LAt LHH0 Rl JINT BIY LR 1
19n] .HOR LRP22 LH0a LHe LNy TR JIR2 ALY |
1962 H82 HdY NV JHo B61 LB09 LBt LHUl
19563 . ehud JA56 RS o9 A8 JAlh JHILR 849
1904 JHHD AT LY .Bny LR92 AR LR39 BT
1905 NI e S0 JIHAY 910 920 .HAnA BT 09
{900 <30 Ll 016 .9un L9513 Lun} L910 L9437
1961 cYul LUN2 .29 L 9N7 .66 L9020 L9241 Y91
1Yol L9 cUhb LU9 N AN «9R0 i, Qu2 L9uu L9770
1969 N7 Q90 LT3 L9496 1.000 L9nY L9790 .993
19170 910 LUK 712 LY95 L9997 L0l .95 .977
19171 US| 072 LU12 Sk JUIH 072 L9hY L9843
19’72 | 1000 {.000 . 000 1,000 1t.000 1.000 t.000 . 1,000

\ 1913 1.0u1 1.038 1.043 t.035 1.033% 1. 007 - 1,047 1.040
AVERAGE Lora2 L0128 L0150 L0123 NERY L0164 016l L0131

AHNUAL RATE
OF GROWTH

Ly

o'7




Table 9 (Continued) \\
T \
TRAHNSLUG INDEXES 1F LAKOKR INPLIT \\
YEAR CAE (YA CAl cto Ck1L cot AED At}
1944 chbh 100 LTuf bbbl HHN L1240 .h83 Y
1949 bl .h90 . 122 Jhu . h5S Lh97 .bbl LY
1950 chlb L7217 752 Lbbp 630 L1022 .h9l .oAH
1951 J0n Y L7198 Lh99 T2 167 .724 L1208
1952 Y. L1082 o LN 12 JT34 . /N LTu2 Llal
1953 o 155 o 142 .20 122 . 145 e 190 ALY e 159
1954 1177 « 1H1A « 190 R R +1tH LY o142 Y RY!
19595 U2 W 192 U2 123 12 .7182 LS . 159
1956 . 1599 JA0Q +H39 L4y VAT JRON . 173 +171R
197 . Jol) e RS JIup L7160 .796 R L1117
1968 . 7dd Y I L0y 121 . 75U . /109 154 . 753
1959 170 L A2 .49 . 161 L1948 L . 180
1900 e 29 SRS .70l C el JHLD L793 L1938
1961 . THS LBiR IR LIy 172 L8001 e 190 . 7192
%ol 14 o At < HAHNH . 191 LHOH ‘.Reb LR17 JH21
1903} JR2Z 14 ) Lol . 199 LHu9 .H15 LB25 LN29
1964 LAY VAL JhAY LHol RS A6 R L
1965 VA LA9h 912 B9% A0l . HHS +Alb LHRO
19uh 907 . 935 L9ul JHOH LY .94t 912 7
1967 922 RUNY; L9600 RURN 919 944 25 L9352
1964 91 LUnY Y 945 « 11 « 65 Jul L9953
1909 L9069 L9092 L99R .965% ROTYT .99 .74 L9784
1970 L90h La4Y LM 982 954 L9t 961 970
19171 L4970 ROy L6 L9170 2904 Y, 97H 971
1912 1.000 1,000 1.000 1.000 1.000 1,000 1.000 1.000
19175 1.0 1,088 1,034 1.0%9% 1.049 1. 04} 1.00% 1.044
. T3
AVERAGE L0ino L01u7 L0129 Lutna ORI L1468 L0170 L0171

ANNUAL RATE
OF GROWTH




ANNUAL RATE
OF GROWTH
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Table 9 (Contlinued)
‘ TRAHSLOG 1HDF xRS OF L ARUR TNPUT )

‘ YEAR ALY (XN SCAE SC AN SCAl SCEN SCE} SCut
194y . 13R .onn .hil RY Y .hl0 LhOAT .713n0
1949 JI12 hnd 659 AR AYRY:) L hh2 bt 109
1950 R LORY .hid 149 .76n 6738 L LY .73%2
1951 .18b . 129N LI19 L1117 LAty . 709 . 125 <110
19572 cHuou Ly .135 .19y LH29 123 .738 JT90
1953 Jhih . 154 . 749 Lbog AN .13 L1150 LBuy
194 Y] . 124 129 . 181 LH09 ARY w1238 767
195% I 749 L7151 L6803 KRS L7143 ER, .90
19506 Lheu Job L7161 Jui9 LAS50 . 151 . 165 RO}
149517 LAh2e « THS . 1b1 B LHa8 . 151 . 184 LHua
1USH JTJui 139 .1u8 743 AL 131 i EY .16
1959 LH2Z2 .68 L1734 L2 YY) L1548 «1hb - LANY
1900 L8380 1179 o 191 Lhaly Hnh 111 AR .H22
1961 RN N . 18N et LHd0 . ~ 111 117 LHUA
1902 LHal A06 LB RITY R Ans Y 801 JROY JHES
J9b S LHSh AL JHel LH59 LHT LJANY JALS A2
1964 WA LG JHAA JHIT < hHY L34 Ry LY
1965 RO TN JAihh .HI8 03 9117 .ihy JHH9 A9
1960 Loa LU0 L0173 Jauy L4962 905 CHQURn R
1907 .56 o 12 omn L9021 L9955 <965 19 928 .49
fYoh LOTH LAUb. Loun 974 9n0 N2 .94l 969
1969 .97 L9758 .12 LHUY 1.000 « 269 L2649 L4992
19710 .85 L 047 Lal12 2997 997 .49 . 9059 .90
19714 JURY 9713 RORA L9ny 9748 972 965 L9813
1912 f.00u 1,000 1. 000 f.u0) f.000 1.000 1.000 1.000
10;5‘ %ﬁ?iu 1,048 1,043 {1.03hA 100358 1. OuA 1.04d47 1.0dd
AVERAGE .uxskﬁ%%\§ L0169 L0 L0137 L0119 L0175 0169 L0134 }

6%
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rable 9 (Continued)

. TNDEXES OF Lapni INPUT
YEAR SALD SALT SAN1 St CAFI) CAE 1 Canl CEUI
1948 .han LRt L7153 L Lhn? b2 .712% .b78
f949 bl LO0"0 126 072 Lbul L6049 700 L6438
1950 103 LG ] .7517 .b96 L6b9 .619 .1%0 A
1961 o 135 Y 198 137 L7105 L7119 «1174 719
1952 L7153 155 0 Ao LY 124 .739 ,792 .73%4
14953 Y It JH2T Llep .75 . 151 JHOY 744
1954 AT B Y XIR 10 133 AR o121 .772 715
195Y b Y ATY JBn 157 L TUD L7152 71906 Y RY
1956 Y RIE . 184 B3 174 181 <170 M1l ALY
1997 L83 JIR3 IR 13 Y L1170 LAY « TH5
1950 /6l . 154 Lhue 14l . 7154 . 7i5S .783 . 7130
1059 . THb .18 29 L4 L7017 .713 8412 700
1960 SROR LBou L9 191 . IR2 . IH817 827 112
1961 Llon L7496 82 LTHa . TR0 716 JALG 170
1962 chety JA2H LH5h K13 LHU9 Hib B0 JAOL
1903 L4 LH3 Hbd e LAt L8285 851 UL
1964 JASH TN JRAL RUP SNl CRilh 09 LH32
1965 JUHS L HHA 07 bT2 JHI AT 97 .Hol
1906 U ARG L1 T a1y R 910 «93Y W09
190/ L9582 RORY k1 Lu29 024 .932 L4954 L9258
908 <9H 3 RO LY 1Y 950 e FUR « 953 0174 «9:n
1909 978 LD 1.000 . .96 974 COIH L0 o735
1970 RN AN La/n L9491 L9061 .9nl L9170 L9Rd 950
171 LUl L9012 Ry RORR! L9175 L9170 TN L94U
191772 1.000 1.0006 1,000 1000 t.000 t.000 1.0690 1,000
1975 t.oul f.0n3% {.04h 1. U0n 10Uk 1044 1.0%9 1.0409
AVERAGE L0161 IR L0120t « JOIRS L0176 L0144 RN )
ANNUAL RATE
OF GROWTH
k]
6;£ / b

0s




YRANSLOG THOEXES ub LARUR TNPUT

Tabla 9 (Concluded)

ANNUAL RATE
OF GROWTH

YEAR AU SLAED | SCAL] SLAGT SCENT SAFnl catnt SCAEN]
148 I 011 LY .7%0 JHRH b7 .hld . b85S
1949 .bbe LY LO5H 113 chb? L ab 12 « 650 .hhl
1950 O L0 +hilo L1ue XY L7101 .hill ./
195} YA AR} 11 . 1h8 JA21 LTl . 7121 . 739
1952 . 152 e 135N o TS Lhtd . 711 « 1861 . 111 . 109
1953 o Todl L7248 . TH9 LBl Y 113 154 .Jol
1954 o137 121 o 134 .83 123 YR Y .26 . 134
1954Y oI « 760 . 1548 JAlA 747 « 769 <150 . 158
1950 . 118 . 1hb .71175 Y-S . 160 . /180b 10l 1174
1957 A7 o IH1 N A Nlh 102 o THYG «Ihb 174
1ehd 152 TS L 149 190 Ry « 159 JJ42 . J4R
1959 . 111 ) o110 LA « 766 . 1846 12 1117
14V VAN i DL o 197 LH39 Y LH0b 716 197
1901 197 . 117 . 7H9 Ay 111 . 71917 143 « 189
196 JH2O ALY U9 LBy LH0H .R2b JHLY LAY
1963 JHZA 20 PO JHORK NiG LR34 N24 H29
1901 LHa9 Jan L A50 ~blh Ry . H55 AUY . HH0
1965 LA JTH .HB1 902 Y ARy RIS YY)
1906 920 L1 L9019 Laal 913 923 918 921
19617 L9 L9381 LY. L0950 928 <919 <943 AL
1968 LYY L9538 ROLYNE Lol 950 00 ¢ INH . 959
1909 JORN 918 Lan0 L9949 915 -85 L LR
1970 BT LT SO 990 LY <974 +Inb 74
1971 LUl 017 9712 9n7 L A <279 978 .91719
1972 - 1,000 1.000 1,000 1.u00 1,000 000 1.000 1.000
1973 1.005 1,003 1.0438 1.017 t.nnl 1.0d3 1.045 t.oal
AVERAGE L1069 NIRAS AR L0135 LOr1on L0161 0176 NETY

18
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The index of total labor quality must not be4c0nfused‘with the
aggregate index of labor quality imtroduced in Section 2 above. The
latter lncorporates the effeacts of changes in the composition of labor
input among all characteristics except industry. This is consistent
with the requiremenss'of our aggrégate model of‘prcduction and techni-
cal ch;nge. The index of total labor qpality'iﬁcorﬁoraces the effects
of changes in the distribution of hourg worked ‘across all six labor
characteristics. This index is the sum of the effe;ts cagtﬁred in the
agsregata index‘of labor q;ality and the mutuall;\exclusive tera measur- .

4 .
ing ths effect of reallocation among industries. Sinece our present

objective iﬁito identify all labor relétid source charactiri;:ics contri- AN

buting to ezcnomic growth, the appropriaté index is thettotal quality >

indgx: It g; this index we ?eccmpose into its camponenés. '
The‘gértial indexes of labor input derived in the last section

and reported in Table 9 are instrumehtal in identifying the'farst-

and higher-order contributions of the six characteristics of labor in-

put. We can define the first-order contribution of each characteristic

of labor input to tge rate of growth of total labor quality as the dif-

fersncs between the .rate of growth of the corresponding partial index vi
of labor input and the rate of growth of aggregate hours worked. For

example, the first-order contribution of sex to the rate of growth of

labor quality, say QLs’ takes the fora:

’ Aln Q. = Aln L, - Aln H .
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This index reflects the effect of changes in the cqmposition'of agzgre-
gate hours worked by sex on the rate of growth of labor quality. There
are six rirst-order‘contributions to the rate of growth of labor quality

corresponding to the ;ix characteristics of labor input.

We can define the second-order contribution .of each pair of char-

acteristics to the rate of growth of fﬁbor quaiity as the diff;rence
between the rate‘of growth of the correspondiﬁg partial igdex of labot . ~
input and the rate of growth of aggregate hours worked, less the sum of
* the two first-order contributions of these/characteristics to the rate of
. growth of labor quality. For example, che’sacond-order contribution of

sex and age, say QLva’ takes the form:

Aln QLsa =\Aln Lha - Aln B - Aln QL: - Aln QLa ’ .

[}

= Alana-AlnLa-Alan-b A}nH.

%

*

This index reflectz the effect of changes in the composition of aggre=-
gate hours worked by sef and age on the rate of growth of labor quality,'
exclusive of the effects already reflected in the first-order contribu-
tions of sex and age. The;e are fifteen second-order contributions

to the rate of growth of labor qualiéy. These second-order contribu-

tions together with the six first-order contributions are defined in

> ) - h-
Table 10. We’'can similarly define third-, fourth-, fifth-, and sixth

order contributions of cheracteristics of hours worked to the rate of




54
Table 190

CONTRIBUTIONS TO THE GROWTH OF LABOR QUALITY

FIRST-ORDER (SIX INDEXES):

Aln QLs = Aln Ls - Ain H.

SECOND-OQRDER (FIFTIZN INDEVZS):

Aln QLsa = Aln Lsa - Afn La - Aln Ls + Afa H.

TEIRD~-ORDER (TWENTY INDEXES):

= - L - -
Adn QLsae Aln Lsae An sa Afn Lse Afn Lae

+ Afnl + AinL_+ Aln L_ - Afn H.
~s a e

FOURTE-ORDER (FIFTEIN INDELES):
Adn QLsaec = Aln Lsaec - Aln Lsae - Ain Lsac - Afn Lsec

- -+ + +
A%n Lg An LSa Adn Lse Ain Lsc
,‘ .

4+ Ailn L + Afn L + A2n L - Adn L
ae ac ec °S

- An L - Afnl - Aln L <+ Afn dH.
a e c

FIFTH-ORDER (SIX INDEXES):

Asn L - Afn Lsaec - Aln Lsaeo - Ain Lsaco

Aln QLsaeco = saeco

- Afn Lsec = Adn L + Afn Lsae + -Ain Lsa

] aeco c

o+
+ An Lsao + Aln Lsec + Aln Lseo + Afn Lsco

ERIC ST o
L By .. s




Table 10 (Continued) 55

CONTRIBUTIONS TO THE GROWTH OF LABOR QUALITY

+ amn L e + An Léeo + Afn Laco + An Leé

a o

- Aln Lsa - éln Lse - Afn Lsc - Aln Lso

~ Afn L e — 42n La

a Ain Lao - Aln Le

c c

3

n L - Alr A -
AL eo Aln Lco + Afn Ls Afn La

+ AdnlL +4n L + AnL_ - Ailn H.
e c o]

SIXTZ~0RDER (ONE INDEX):

A2n L - An L - A2n L

= An L - .
4 saecoi saeco saeci

An Q-

Lsaecoi saeoi

+ A2n L

- 4in Laecoi saec

- A%n L - Azn L

sacoi secodi

+ ag +
Ain L eo + Aln Lsa . Afn Lsaco + Afn Ls

sa ed aci

+ Aln Lsaoi + Aln Lseco + Afn Lseci + AZn LSeoi

+1A2n Lscoi + Ain Laeco + Aln Laeci + Aln Laeoi

+ An L + A2n L - A2n L - A2n L
sae s

ecol ac

acoi

, : - An L - 4&¢nLl__.-4inL - A2n L
‘ sao sai sec ~ “seo .

= &fn Lsei - &al,., - Aln Leet - ia Loy

- An L - A2n L - Adn L - 4Ana L
aec aeo aei

aco '
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Table 10 (Continued)

CONTRIBUTIONS TO THE GROWTH OF LABOR QUALITY

M ™

- Afn L - An L - An L - Afn L
ac ao eco ec

i i i

- Afn L - An L + Aln L + Aln L
eo co sz ae

i i

2 AL
+ Ain Lsc + Ain Lso + A%a Lsi + Aln Laa

+ &n L . + 8L F A%a L4 + aZa L.
+ Al % .
+ Afn Lea + 42 L, Ia Ll + 4 n.LCL

+ Ain L - AnalL -~A8nl -242nl
8 a e

ol

-An Ll - A%n L - Aln L, + Afn H.
c o i
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growth of the quality of labor input by extension of our definitions of
first- and second-order contributions. There are twenty third-order
indexes, fifteen fourth-order indexes, sic fifth-order i;dexes, and one
sixth-order index. All are defined in Table 10.

By summing the contributions of all ordars corresponding to 2 givan
set of characteristics of labor input we obtain.the partial index of
labor quality corresponding to those characteristics. For exampls our
aggregate index of labor quality prasented in column 4 of Table 7 is the
partial index of labor quality corresponding to all characteristics of

N

labor iaput except industry. We can reprasent this index in the form: -

Aln QL Aln QLs + Aln QLa + Aln QLe + Aln QLc

+ Aln QLo + Aln QLsa + Aln QL.se + Aln QL.sc

+ Aln QLac + Aln QLao

+ Aln QLso + Aln QLae

'

+ Aln Q + Aln QLeo + Aln QLco + Aln QLaae

Lec

+ Aln Q + Aln Qsao + Aln QLsec + Aln QLseo

Lsac

+ Aln QLscc + A4ln QLaec * Aln QLaeo)+ Aln QLaco

+ Aln Q + Aln Q

Leco

Lsaee ~ Aln QLsaeo + O4ln QLsaco

+ Aln QLaeéb + Aln QLaeco + Aln QLsaeco *
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This index is the sum of five first-order contributions, ten second-
order contributions, ten third-order contributions, five fourth-order
contributions, and one fifth-order contribution to the rate of growth
of labor qu;li:y. This index incorporateé the effects of changes in
the composition of aggregate hours worked among all characteristics of
labor input except industry.’

We apply the formulas of Table 10 to the disaggragated labor data
described above. The resulcing\quali:y indexes for each year in the
period 1948-1973 are presentad in the second through last columns in
Table 11. The first column of cthis caSle reports the quality index
representing the total contribution made by all sources. It is formed
by summing over all Iirsc- and higner-order contributions correspounding
to all six charactezistics of lzbor imput.

N”,// The analysis ;f variance provides an analogy useful in interprecing
+the first-znd higher-order contributions of the characteristics of labor
input to the rate of growth of lakor quelity. BEach of the charasieristics
of hours worked coryesponds to a facltor in *he analysis of variance. Th
decomposition of the rate of growth of labor quality by all six char-
acteristics corresponds to a six-way layout in the analysis of variaace.
The first-order contribution of eazch of the six characteristics corres-

ponds to the main effect of the factor in the analysis of variance.

The second-order contribution of any two of the six characteristics

DAY

-
|
|
|
|
|
|
|




Table 11

B DECHMPUSTTION OF LABOR NUALTTY
LADOR £
YEAR QUALITY 5 c A 3 J] | S 5C
194k Hao 1,002 Lo51 j.00n JHS Y L910 L9217 L9995
1949 cHan 1.039 9450 1,011 L8877 L9110 .02y .09y
1950 150 b. 0319 962 1,021 161 L0921 L9581 .99
1951 HBT0 f.08h & 066 1,617 Nb 926 L9449 .99y
1952 B9 1,045 Y 1 .023 b7 . 2% .95n .99%
1963 L9000 1.03% . 960 1. u2% Ny .%o LO4H L9996
1954 199 1,032 T 1. 02K A7 916 952 .995
1955 <0t 1,029 R 1.027 LAl RY) LTS .99
1956 : 900 1e8)Ph 974 1.u2% JHARY .94y L9062 .99n .
1947 UAR! 1.024 L9706 1,027 LH90 . 951 .9hH .99
1954 L9113 1.1020 11 1.028 LAY 954 .96 1 . 990
19549 JU2e 1.020 ALY 1.027 LON2 <95 R LObhH .99
1960 RUTTR 1.0380 982 1.037 Lot TS 970 L9097
1901 940 1.016 <R3 i.02% «921 «96 3% 970 .997
196¢ 51 .01} cUHYH T 1,025 R L9969 .96 L9097
190 «5h 1.01% LORY 1.0u2% L9482 LOT0 L 940 .99y
19604 908 1,014 . 1.022 LU 976 < QRYU J99H
190% Y 012 .09 1011 JOUuhk 017 LOHH L9994
1900 M4 1.010 UL 1.016 954 .09 L99H .999
1967 RUUR 1.00d L9996 .01 L4959 L9934 1.003 L9949
19604 <90 1000 997 1.013 T .994 1.004 L9499
1969 S0 1.003 EPRLL 1.009 91 t.not 1,005 L9949
197y 1.00% 1.007 12U 1.023 916 1.000 1.002 L9499
1971 1.008 .001 R 100 <992 1.008 L9999 .999
19122 1.000 1,000 {,hou 1,000 1,300 1000 1.000 1.000
1973 1.008 . JH99 1,000 L99% L 1L.009 1.003 1001 1.000
AVERAGE <UlnY - 0017 002 T — 0008 T Jauat L0049 L0081 0002
AUNUAL RATE ' . w

OF GROWTH

4
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Table 11 (Continued)
DECHMPUSTTINN OF LLAHOR UQUALITY
- y
.

YEAR oA 5t 50 51 CA CE ci C1
194K .998 JURT LN79 L9R3 L9494 1.009 1.010 1.03n
19u9 LU9H UKD L0l L9Ry L9914 {.009 1.011 1,039
1950 L9097 TN L0738 L8R RUEDY 1.004 1.003 1.055
1991 « 997 LURT L9 LUK L4996 1 LOOR 1.00% 1.030
1952 a7 .94 LK LUB3 L9097 t.007 1.005 1.029
1953 . AN 19 Ludae LJIHD L9937 .07 1.004 1,027
1954 NUD N LUR9 .94 LOHs L4298 1.007 1.005 1.029
149%% NULY L9290 L9ns 90k 990 1.00b 1.003 1.025
19906 LY L99) Lan? LT LOuH 1,006 f.0d Too1.022
1997 L09h L90? LOHY o .9ha L9099 1.0u5 .94y 1.029
1954 MU L9092 Ca991 UL L9999 1,005 L9299 1.019
1959 LU MULR L0090 LR L9499 L.004 1.000 t.010
1Yby UL T .00l L U038 L0999 1.004 . 999 t.014
19061 L9900 .99 UL U9y 04 1.003% 999 1.013%
1902 .96 L99Y% RUDTY Laud 1,000 1.003% 1,000 1.012
1963 YD I L0 h <190 La9hy {.000 1,003 . 999 t.014
{900 VU0 JYun L9490 U9k 1,000 1,002 1.000 1.004
1969 L9497 LU97 L9496 L4996 1.000 1.002 <399 1.007
19606 L9OK .90 LU 99 1,000 1.002 .999 1.004
tou/! LOY9 Loan Laau LU97 1.000 1,001 LU99 1.003
19%00 1.000 RO L 99 LO9 1.001 1001 1,000 1.002
1909 1,000 L9099 {.000 L9997 1.000 1.0V 1.000 t.00?2
19710 Lu99 L9948 .04y LT 1.001 1.001 1,999 1.001
1971 {000 L999 L9094 L9099 1.000 1.000 .00l 1.0ut
1972 V.000 1.000 1,000 1,000 1.000 1.000 1.000 1.000
1973 1.000 1,000 LUIR ALY L9099 L9194 1000 999
AVERAGE NUE L0008 L0nB Lune L0002 -, 004 -, 0000 - 0015
ANNUAL, RATE @
OF GHOWTH

|

il

- ERIC 7 .o
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| Table 11 {(Continued)
2 BECOMPOSTY LN 1 LABOK WUALITY e -

YEAR AE Al AL L kO El 01 _ 8CA SCE

1948 .999 1.001 9490 1.0R0 1.067 t.076 + 001 1 000

1949 299 1,000 L9 1,018 Y| 1.01717 1.001 ¢ 1.004

1950 L W97 97 .94 L1.070 1. 064 1.069. 1.000 1.000

1951 99N . 9Ny . 905 1.0/72 1.062 1.060 1.001 1.000

195¢ 1 oo L9908 TN 1.007 1.059 1,053 1.001 1.000

19534 1,001 299 990 1.064 1.057 1.0%% 1.001 : 1,000

1S 1. une . 999 R 1 .05%9 1.05%% .05 1.001 1.000 -

19595 1.002 L9917 « FUH 1,068 Feb2 | t.048 1.000 C1.000

1995 1,002 Q47 NUTITR 1.05% 1.0huAR 1040 1000 1.000

1957 l.ude L09] TN 1 UdhH 1.0 1.04% 1.000° 1.000

1951 1,002 990 Y95 {.0aj 10040 f.0483 1,000 1,000

1959 1.0072 <996 o UK 1,030 1034 1032 1.000 1,000

jusy LYY : L9l L1193 1,032 11388 10029 s 999 1.000

1961 t .00} S IV L7 1.03n 1.04%0 f.u27? 1.000 1pa 000

190¢ 1002 L9917 <97 1,026 {.027 1.024 1.000 1,000

1963 l.0u} L9091 L9497 1.027 1.024 1.020 1.000 t.000

1964 1. 001 Lunt U] 1,023 1.020 l.016 1.900 1,000

1965 YT RICTY .98 1.022 1.017 1012 7 1.000 1.000

1900 1,008 L0099 L9l 1,016 1,014 i.on7 1,000 1. 000

1967 1,001 L9 . 997 1.012 1,01 t.005 .00 1.000

196h 1. ub? Y LO9N 1.O0HR 1. 008 1.003 1.000 1.000

1969 1.003% L0098 L9948 1.0006 f.00% .999 1.000 1,000

19716 L997 L9948 NGTIEN 1.004 1,004 ST Y 1000 1.000

1971 1.0u1 L99n . 999 .99A 1.001 1002 1.000 1.000

1912 1000 1,000 1,000 1.000 F.N00 1.000 {000 1.000

tul3 1,000 1001 . un0 Lo9n L1099 . 999 <999 1.000

AVERAGE L0001 -, 0000 LHuNy ~ 0032 - U026 -, 0030 -, 0001 -. 0000 o

ANNUAL RATE —

O GROWTH

O i ?.l' 75’




Table 11 (Continued)

DECOMPOST IO OF LAROER GUALITTY : o
YEAR "~ 5CO Sl SAE SAU SA1 SEQ) SE1 S0t
19uy 1.00% 1000 1.001 1.003 1.005 1.012 1.00] 1.014
1949 1.009 1oud {.001 1,003 1.00% 1.012 1,001 1,018
1950 1008 1.003% 1,001 1.004 1.005 1.013- - 1.00L 1.015
1951 1.000 L0010 Y 1,001 Y 1.005 1.012 1.001 1,014
1952 {000 1001 1.000 1. U013 j.on4 el 1.001 1.0t
1993 1.004 1.001 1.000 1,003 1,004 1.0 1.001 1.u12
19%4 1,004 1.002 {000 1.003% 1.004 1,011 1.002 t. 011
1955 1.004 100t 1,000 1.0u3 t.004 010 1.002 1.010
J9%0 t. 003 1001 1.000 1.003% 1.001% 1,010 1.002 1.009
1997 1.00% 1.001 1,000 1,00 IIDRS 1.009 1.002 1,004
KRy 1.007% N Y1} . 999 1002 1.00% 1.009 1.002 t.000
Jush9 1,002 i.000 L9949 1.002 1.003% 1.008 1,002 1,006
. 1960 1,001 1.000 L9949 1.003 1.003 1.007 1.000 1,000
~ 1961 1.002 {.000 L9 P06 LL002° 1.006 1,001 1.00%
1902 1.001 1.000 L0y 1002 1,002 L DIt t.002
1903 .00 1.000 L9199 1,002 f.00p2 t.n08 1.001 1.002
1904 1.00) LU0y L1709 1. 002 f.002 .04 1.001% 1.001
1965 1,000 .99 L9999 1,001 1.001 {000 1.001 1.002
1960 {000 L99Y .994 1.u00 1.00H1 1.003% . 1.001 . 1,001
1901/ 1.000 L9499 .00 Y9y 1.000 1.002 1.000 1,000
1908 1.000 U DL 999 L9994 1.000 1002 1.001 1,001
1909 f.000 <999 .999 999 1.000 .00} f.001 1.001
1970 1.000 1.000 L9949 1,001 1.000 {.002 1,000 L9949
1971 ‘ 1000 t.000 1.000 1. 000 1.000 1.000 1.000 <999
1972 1,000 TotL.000 1.000 1.009 1000 1,000 1,000 1.000
1973 L0999 1.000 £, 000 1.000 1.000 .999 L99 1.001
AVERAGE -, 0002 - =,0000 -, 0001 -, 0001 -, hoNn2 -, 000% -, 0001 -, 000
ANNUAL RATE ' o

OF GROWTH

11(&: 7J » . Su




Tahle 11 (Continued)

DECOHMPLSITTON OF LARGR GUALTITY

YEAR CAE CAO Cal Cen CE | col AE i) At
CLY L0998 1.004 t. 00 L9496 .9K”A LU7R <999 .991
1ouq UK .04 1,002 L9496 T .07 <995 R
1950 L9934 tonou 1,001 .997 «OHY LORY <994 .991
1941 L0493 1.003 1.001 .997 ) CUR .994 991
1952 .99q 1,003 1.001 Loun 990 .984 .996 .99
1943 L9904 1,002 1,000 L4998 2990 Lany .996 L4990
1954 .99y L.00p 1. 000 L99K L990 LYK L9984 .49y
1955 L0948 1,002 {.000 .999 991 LORS 997 LR
1950 L9498 1,001 L0909 .Y49 <992 1Y 994 992
1951 .995 1.001 L9499 L4999 L9492 L9090 «QUH L0972
1954 L 94y 1.001 2999 1.000 L9492 .190 .9499 <9934
1959 <995 1,001 . M99 t.u00 L9038 994 999 993
1900 990 1.001 L9499 1.000 994 L 992 t.000 <194
1961 L9490 1. un1 UVAYAY )1 .00 29949 «H9 « 99! 993
1902 .9917 1.001 L9909 t. 001 . 994 .90 .998 994
1963 .9G7 1.000 LG99 ¢ 100}y <094 Q94 .994 .995%
1964 908 1,600 O 1.001 DTN .4995 991 <995
196% LUOR 1,000 L0490 1.001 LTS L9960 994 996
1966 UL 1.000 L9 1.000 L9917 .99/ « 949 997
1967 .99h 1000 L9799 1,000 <397 .99 « 9949 99
1968 L9994 L. 000 L9299 1.000 LOUA L9984 . 999 998
1969 L9uq 1600 L4999 1460 L9948 . Q994 L9908 999
1970 L9440 IV L9299 1.000 NGy 1.000 t.001 . 999
1971 999 L0009 L1999 1.000 .99 . 999 .99 <999
1912 1,000 1.600 1.000 1.000 1.000 o000 1.000 1.000
1913 1.000 1,000 1000 999 1000 . 299 . 09 1,000
AVERAGE Lound - ul2 -, 00t LOLoYy L0008 LO0un9 0002 Lhng
AHNUAL RATE
OF GROWTH

512

i
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Table 11 (Continued

DECOMPOSTYTUN OF LAROR GUALITY

A

ANNUAL RATE
oF GrowTll

83

YEAR Aox kNl SCAE SCANG SCAl 5CEQ Sck1 SCH
1944 91 LauB RGD T L994 .998 . 999 979 .90
1949 L9497 951 .998 L9GR .99 .999 982 .997
1950 99 L9851 L9948 LU .999 L999 L9H5 .995
19514 = AR <953 LAUR LOGHK .2499 .999 L9738 L9917
1952 L9997 950 LU9H L99H L9999 .99 91706 .997
1953 L9496 LY .99 L9k .999 .999 .976 LOOH
1954 .9Un L9t L9991 .9un L9499 . 0499 LOHS L9917
1954 L0997 TR cN9R L999 99y .999 L9R0 <99R
1950 997 L0k UL . 9949 L4999 .999 - 980 L9984
196/ 998 U] L9998 L9999 L0999 . 999 .83 DT
1958 L09) L9074 L9l L9499 » 9499 . 999 993 .98
1u95h9 L9917 L9715 UL L9499 1,400 .999 .999 RO
1960 994 978 L9499 L9949 1.000 .999 994 . 799
1901 L9296 RULE . 999 996G 1.000 999 . 994 <999
1902 997 L9H3 « 999 9499 1,004 « 999 .994 L9499
1063 .947 Ty L0909 L L9vG 1000 . 999 .990 ,999
1904 L9917 LORY 999 .94Q 1,000 L9949 992 9499
1965 <UYH L9nY P90 L9499 1.000 .999 .97y .999
j9bo 999 .90 RUD L 999 1000 . 999 LN92 1,000
196! 1,000 AL LOUY L9499 1,000 .1799 .093 1.090
1904 1.000 a5 ROLAH .19 {000 .99 L9917 ta000
1909 1.000 191 1,600 LY L9099 1.000 .998 1.000
1970 1.001 RACTT L9949 1. 000 f.000 1.000 . 999 1.000
1971 999 1.000 1,000 L9699 i.000 1.000 1,008 1.000
1912 1000 1. 000 1.000 1,000 1.000 1,000 1.000 1.000
19173 1.000 LG99 1.000 1.o00 1.000 1.000 t.001 1.000
AVERAGE L0001 L0021 L0000t LOuo LUN00 L0000 L0009 L0001

%
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Table 11 (Continued)

COECOMPNSTITION OF LARGK GUALLTY

YEAR SAEO SAF1 SAN SEQ] CAEQ CAE | CAOT CELI
1944 947 999 <95 L9917 1.00n0 1.003 " 997 1.007
1949 07 SO0 L9095 L9917 t.004 1.003 998 1,007
1950 RL 204G «uS L9946 1.003 1.003% LO98 1,007
1951 AN 999 999 A 1,003 1.003 L9948 1.006
19%2 L99R . 999 LT TR Loy 1003 1.00% RCDTTEE 1.006
1953 LYK L9099 T 994 1004 1.003 .999 1.00%
1954 JUUH .999 L9906 L0994 1.003 1.003 L0999 1.005
1955 U t.000 997 L9496 1.003% 1.002 999 t.004
19506 LUOR 1.000 U yY A 1.002 1.002 1,000 1004
19%7 LI9N .99 L9491 Y96 1,007 t.002 1.000 1.004d
1954 T .999 LO9N L9496 1,002 1.002 1.000 1.003%
1959 L4099 1.000 LK L9998 1,002 1.002 {.u00 1.008
19600 REDL 1,000 IR LI9H 1,001 1,002 1.000 1,002
190) L9949 1.000 L4999 L9497 1.001 1.001 1.000 1,002
1962 . 999 1.000 UL LOUR 001 1.001 t.000 1,002
1903 L9949 1,000 L9909 L9497 L. 000 1.001 ‘1.000 1.002
196u L9099 1000 999 997 1.000 1.001 1.000 1.001%
190% L9499 1.000 L9979 .997 1.000 1.001 1,000 - 1.601
960 L9949 1.000 L9994 L99R 1.000 1,000 1,000 1.001
1901 .09 1,000 RO R L99h o000 1,000 1.000 1.001
190k s 11Y9 LG99 999 LY9n 1. 000 1.000 1.000 1,000
19649 1.u00 L9949 .N499 Lu9 1,000 1.000 1.000 1,000
1970 Lo {000 RO LD L9499 1.000 DY) f. 000 1.000
191 UL ) N9 <999 f.000 1000 000 t. 00N t.000
1972 1.000 1,000 1.0u0Nn 1.000 1.000 1.000 1,00 1.000
1413 1.000 {.000 1,000 f.000 1.0u0 L9999 1.000 1,008
AVERAGE L0001 L0000 L0002 Jhuog -, 0002 -, 0001 L0001 -. 0003

ANNUAL RATE
CF GROWTH

80

56




Table 11 (Concluded)
.- DECUOMPOSTITION OF LAKQOR UUALTITY

YEAKR AEOT SCAEL SCAE | SCANY SCENT SAENT CaFD! SCAEO]
19u4 1004 1.001 {00t 1.00]} . 999 {051 .997 .999
j9ug 1.00n 1,004 ° 1.0t 1,004 .999 1,048 .997 .999
1950 1.008 1.00] 1.00] 1,001 L9499 1187 .997 .999
1951 t.00H 1001 M iLo0w 1.001 .999 1.076 .99/ .999 .
195¢ 100N f,001 1.000 1,000 <99 1.OR) 99/ 999
1958 1.00kK 1.001 1. 000 1. 06uQ .999 1.0R” .997 .999
19%4 . u0H8 1,001 J OO0 1 .00 1.000 1,074 . L9917 999
1955 1.0u7 1,001 f,000 1,000 1.000 1.07% 997 999
1956 1.00Ub 1.001 10060 1.U00 1.000 1.073% .997 999
19517 1,006 1.001 1.000 1.000 1.000 1.072 L99A - .999
195y 1.00% 1.001 1.000 1.00¢ 1.000 1.0k <998 . 999
1959 100% 1.001 1,000 1.00n0 1.000 ta06] L9910 999
1960 .00 1,001 1,000 L9499 L9999 1.071 L9998 L9499
1961 1.004 1.001 1.000 1.600 . 999 1.054 .99H . 999
1962 1.004 1.001 1.000 1,000 .999 1.049 L99Y 999
1903 1.003% 1.000 1.000 1.000 1.000 1.08% 999 L4969
1904 1,003 1.000 1,000 . 1,000 1.000 1.044 999 L9499
1904 1.002 1000 1,000 1,000 1.000 {,0d1 <999 999
1966 U0 1,000 1.0060 2999 .99 f. 009 9949 1,000
1967 1.000 t.000 1. 000 1. 000 .999 1,051 . 999 f .00
1968 1000 1.000 1.000 1,000 .999 1.0uH .999 «999
1969 L.000 1.000 1.000 1,000 999 1.0u}) <199 1.000
1970 1,000 1.000 1,000 1.000 1.000 1.034 . 999 1.u00
1974 Tl 00 1.000 t.00U 1.000 1000 1.029 {.u00 1.000
1972 1. 000 {.000 1.000 . u 1.000 1.000 1.000 - 1.000
1913 199 1.000 f.000 §.000 1.000 L9900 1.000 1.000

AVERAGE -, 0003 ~.hu01 -, 0000 -.0001 L0000 -.0024d 0001 «N000 o

ANNUAL RATE o

O GROWTH

\
f 81 | 88
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corresponds to the interaction-effect of the two factors in the analy-
sis of variance. The third-, fourth-, fiith-, and sixth-order contri-
butions to the rate of growth of labor quality correspond to tigher-
order intsractions in the analysis of variance.

The indexes reportad in Tables 9 and 11 imply that the shifting

demographic, occupational, and industrial composition of the labor

force historically has bssn a very significant source Of pOSIWar 2cono-
mic growch. The sixch-order partial index of labor input given in the
last column of Table é incresases at an average annual rate of 1.68 percent
for the nseriod 1948-1973. This reprasents the sum of the growth ratas oi
aggregat2 hours worked and the index of total quality changa. Trorcy-one

percent of this growth was due to quality change; the quality index given in

the first column of Table 11 increases at .69 percent per year. Hours worked

account for the remaining fifty-nine percent, growing at an average

annual rats aqual to .99 percent. However, if the postwar period is
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vartitioned ezl 1960, we observe that tHe importance of quality chenge
Wes declired in boith absolute and relative terms. On average, the total
qualisy irdex increased .86 percent per yeer over lhe 1948-1960 pericd

and .51 percent per yesy tetween 1960 and 1973. At the same time, the

P el oA T e ~ oY+ . 3
jmeresses in hours workaed. Between 15h8 and 1940, hours worksd increased
2 —~ 1 . . . -
gt an average k0 percent anmual rate; gquality change acccunted for

esrly sixi-sizht perczent of the growih im tke partizal index of

(4]

inTut., Afler 1560, the econcmy excerienced a surge iz hours workesd. The

0] ” .
unweiznted hcurs index grows et en averzge rave scual ¢ 1.50 percens;

labor quality is respousidle for apgroximately twernty-five percent o7
the growth in the sixth-order pariial index of lazbor inp An analysis
of the mos: recent sub-period, 1969-1973, suggesis that this declize in

the ebsoluze and relative importance of guality change continued. Wanile

unadjusted hours worked increased at a 1.3k percent ra
4

1973, labor ingut grew at a 1,48 percent arruzl rate. The difference is

the rate of growth in the labor quality index. It imcreases at an

averazge annual rate equal to .1l percent, eccounting for less than ten

l-'4

percent of inzput grewth.

The sources of the postwar change in aggregate labor input can be
determined from “he quality indexss reported in Table 11. Comparin
the main effects, only sex and education have smooth persistent trends

over the 19L8-1673 period. The former, reflecting the high rale of

Ju
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entry of women into low peying jobs, has a2 negative effect avg:agins
~.17 percent per yeer; the latter, caused by the incressing prorortion
of highly educated loborers, is posi#ive, increasing at an eversge annual
rate equel to .67 percent. The m&in:e:fecfs of ;mplowment class, occupa-
tion, and izdustry are all positivegé- .17 percent, .39 gercen%t, and .21
percent per yesr, resgectively -- but peak in the middle of the nipneteen-
sixties, The postwar shilt of lahorers %o high-paying occurations and
irdussriss slaws dowr considerably by the end of tze 1960-1968 pericé.
Consequeﬁtly, Lthese characterisiics have little effact on tocial qualisy
changs afier 1366. 3etween 1566-1973, <the main effzcts of class, occupa-

ion, arnd industry zre .07 percent, .18 percent, axd .0l percent, resgect-
ively. The main effect of age reverses ilsell after 1960. The effsct is
pesitive through 1530, averaging .24 percent per Year; afier 1940, %ke
effect turns negative, declining a2t an aveﬁage annual rate egual to -.32
percent, This reversal reflects the entry iato the employed labor force
of 2 large rpumber of young labcrérs who were torn immediately following
World War II. Their low wages and low imputed preductivity acccunt Jor

r ' “

the negative effect 0f age on labor quality.

Althqugh the second and higher order interactive effects are szall,
their aggregate effect is quan{itatively important. The anaual average
rate of growth of the sum of tﬁe intersctive effects equals -.5t percent
over the full 19L8-1973 péricd. Yad these effects not been considered,
the quality index would have been found to increase at a2 1.32 percent

annuel rate. This ccmpares tc .£8 percent when 2ll main and interaction

effects sre considered. In brief, failing to considasr interaction eflecis

1
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nearly doubles the calculated contridbution of changing labor qualiiy as
& source of econocmic growth. Relative to the 1.63 percent average annuazl
rate of growth in labor's total contribution to economic growth; neglect-
ing interaction effécts would upward bias the cazlculated contribution by
thirty-eight percent. To identily the sources of econ&mic grdvth, the

interaction effections emong demographic, occupational, and industrial

characteristics must be explicitly incorrorated in the analysisf

While secord and higher order effects are quantifatively signilicant,
their inclusicn does rot qualitatively aflect the inter?reﬁation of <tk
source characieristics of econcmic growth. The sex and age factors are
still the deminant causes of the decline in the growth of the gquallity
index. The interaction effects of age and sex with ezch other and othsar
Zectors are generally positive and conseguently reduce the aggregale

negative effect of -.22 percent that would be izferred Iy sinmply swrming

the main effecis of sex 2nd age, -.1lT7 percent and -.05 percent, restect-~
ively. The positive interaction between sex and occupation for examrple

suggests that women 2re increasingly entering high-paying occupztion

4 .
groups. Yet, even when 21l interaction effects are taken izto accouxns,
the conclusion remaias that the changing sex-ags comrposition of the aggre-

gzte employed labor force aas had a negative impact on labor input per

-

% &

nour worked. The combined sex-age contridution to the.total qualit

4

index is -.18 percent per yezr over 1943-1973. When the full period is.

H

partitioned into the sub-periods 1948-1960, 1960-1973, aad 1969-1973, the
A} .
sex-1ze effect is kY% percent, -.76 percent, and -1.18 percent, raspeci-

ively. The incressing entry of vwomen and young workers into low-paying

{wbs increases hours worked proportionately more than it increases labor inpuc.

4
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4, Investment in Education

3

Our final objective is to present measures of investment in edu-
cation for the United States for the period 1948-1973, Tor this purpose
we construct a new data base for measuring lifetime labor incomé; for
all individuals in the U.S. population. Our data base includes demo-
graphic accounts in each year for the populagion of each sex, cross-
classified by individuai year of age and individual year of highest adu-

v

carional attainment. Our demographic accounts include dacta on the gum-

/

ber of individuals enrolled in formal schooling and data on births,
!
deaths, and migration. These demographic accounts are based om annual

population data from the U.S. Bureau of the Csnsus. We incorporate mora

Ld
!

Adetailed data from the decennial censuses of populatiom to obtain esti-
mates of the population crosé-classified by sex, age, and educacion.

T6 measure lifstime labor incomes for all iadividuals in the C.S.
population we begin with the data base on labor time devoted to market
activities described in Sectiom 3 above. We derive estimates of hours

’
worked and labor compensation for each sex by sixty~one age groups and

eightaen'education groups or a total of 2196 groups for each year. We

impute wage rates for nonmarket activities from wage ra;és for employed
individuals. We allocate the total time availabla for all individuals

in the popﬁlation among work, schooling, household production and lets-
ure, and maintenance. We exclude maintenance through the satisfaction

of physiological needs from our accounts for lifetime labor incomes.

e assign the value of time spent in household production and lgisura

to consumption and time spent in schooling to investment.

© 83
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Gur final step in measuring lifetime labor incomes for all indi-

viduals in the U.S. population is to project incomes for future years

and to discount incomes for all future years back to the present, weight-

ing income by the probability of survival. We combine estimactes of
1ifetime labor incomes by sex, age, and education with demographic
accounts for the numbers of individgalé to o@cain estimates of invest-
ameat in education. We present ches; astimates in current and constant
prices for the seriod 1948-1973 for all individuals in the U.S. popula-
tion. We compare our estimates of the value of leisure and nonmarxat
activities with those of Nordhaus apd Tobin (1972) and our estimats of
javestment in education wich chOSefof Kendrick (1976).

Qur estimates of investment in aducacion are based on a system
of demographic accounts. Human capital is accumulated through births,
immigration, and investment in education and decumulated through deaths,
emigration, and aging. Our demographic accounts distinguish among Indi-
viduals by sex, individual year of age, and individual year of highest
e§ucacional a::aineenc. Tndividuals must also be classified by school
enrollment. status and by emplayment status in order to encompass both
ma?kec andtﬁdﬁﬁgékét activities that generate labor income.

OQur accounts include annual estimates of mid-year propulation
by sex and age for. individuals under 75 years of age. We emiploy popu-
lation data from the U.S. Bureau of the Census. Using data from the
Censuses of Population for 1940, 1950, 1940, and 1970, we have distri-

buted -the population of each sex by individual years of age ard inéivib

dual years of educational actainment for each year in the périod 1947~

v
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1973. Our procedure results in estimates of school enrollment by sex
and age for each year. Unfortunately, lack of information on deaths
and migration, cross-classified by sex, age, and education, has made it
impossible for us to reconcile enrollment data with estimates of trans-
itibns from one grade to the next.

In this section we present the demographic information in our data
base in summary form. Table 12 presents population under 75 years of
age and population under 73 years of age and population under one years
of age, classified by sex. We can observe an increase in population of
44 percent over the period. Sex ratios, defined by the number of males
per hundred femalss, are frequently used in demographic analvsis. The
usual pattern of sex ratios, exceeding one huudred at the time of birzth

and monotonically decreasing with age as a consequence of lower female

"mortality, is consistent with the daca in Table 12. The sex ratio for

the population as a whole has declined from near paricy at 100.0Q at the
beginning of the period to 97.2 at the end of the period.

Table 13 presencs our estimates of students between 3 to 34 years
of age, classified by sex. Enrollments in the period have opractically
doubled. Earollment ratios have increased from 40 percent at the
beginning of the period to 54 percent at the end of éhe 1960's. We
observe a sex differential in the enrollment ratios of four percentage
points in favor of males throughout the period. Sex ratios for the pop-
ulation of scho;l age, 5 to 34 years, at the beginning of the period

were very close to parity at 100.1. For students, sax ratios are ten

percent above parity due to male selectivity. As a consequerce of a
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Table 12
Total Population O to 74 Years of Age by Sex,
United States, 1947-73 (Thousands)
Total Less Than One Y237
Total Male Female Total Male Female

1947 - 160,713 70,386 70.327 3,452 1,767 1,685

1948 143,063 71,505 71,558 3,169 1,622 1,547

1949 145,460 72,641 72,819 3,169 1,619 1,530

1950 147,742 73,733 74,009 3,146 1,602 1,544

1951 150,150 74,887 75,263 3,297 1,697 1,621

1952 152,639 76,074 76,565 3,411 1,737 1,574

1953 155,103 77,250 77,853 3,526 1,794 1,732

1954 157,778 78,533 79,225 3,648 1,855 1,793

1955 160,466 79, 849 80,617 3,755 1,913 1,842

: 1956 163,251 81,195 82,056 3,835 1,951 - 1,88%
- 1957 166,122 82,582 83,540 4,009 2,061 1,968
1958 168, 845 83,887 84,958 4,048 2,060 1,988

1959 171,576 85,202 86,374 4,072 2,069 2,003

1960 175,051 86,911 88,140 4,094 - 2,080 2,014

1961 177,872 88,261 89,611 4,173 2,121 - 2,032

1962 180,559 89,338 91,021 4,084 - 2,077 2,007

1963 183,075 90,724 92,351 4,013 2,062 1,971

1964 185,518 91,875 93,643 3,947 2,012 1,935

1965 187,741 92,916 94,825 3,770 1,917 1,853

1966 189,798 93,875 95,923 3,553 1,812 -~ 1,743

1967 191,722 94,754 96,968 . 3,450 1,757 1,693

1968 193,525 ¢ 95,572 . 97,933 3,366 1,718 1,648

1969 195, 299 96,388 98,911 3,412 1,742 1,670

1970 197,276 97,322 99,954 3,503 1,788 1,715

1971 199,237 98,274 100,983 3,579 1,832 1,747

. 1972 200,857 99, 048 101, 809 3,281 1,670 T 1,390

1973 202,283 99,731 102,557 3,081 1,574 1,507




" Table 13

s _ Noninstitutional Population and School. Enrgllment
5 to 34 Years of Age by Sex, United States, 1947-73 (Thousands)

Total Male Female
Year Population Enrollment Percent Population Enrollment Percent Population Enrollment Percent
1947 68,616 27,1725 40.41 34,318 14,683 42.79 34,298 13,042 ° 38.03
1948 69,443 28,129 40.51 34,731 14,901 42.91 34,712 13,227 38.11
1949 70,066 . 28,713 41.07 15,022 15,236 43.51 15,044 13,536 , 38.63
1950 70, 629 29,494 41.76 15,304 15,609 W4 .22 35,325 13,884 " 39.11
1951 71,075 10, 14l 42,41 35, 540 15,902 ha .75 35,535 14,238 40.07
1952 12,541 30, 884 42.51 - 36,289 16,243 - 44.176 -36,252 14,640 40.19
1953 73,682 32,156 43,64 16,890 16,861 45. 11 36,792 15,294 41,57
1954 74,893 33,574 44,83 37,528 17,559 46,179 37,365 16,014 42.86
1955 75,999 34,903 45.93 38,104 . 18,210 47.79 37,895 16,692 44.05
1956 17,217 36,231 46,92 18,137 18,868 . 48. 711 38,480 17,363 45.12
1957 18,4174 37,603 47,92 39,1395 19,555 49. 64 39,079 18,047 46.18
1958 79, 844 39, 000 48,85 40,108 20,258 50.51 39,1736 18, 741 47.11
1959 81,273 40,418 49.73 40,851 20,9175 51.35 40,422 19,442 48.10
1960 83,233 42,013 =50.50 41,866 21,807 52.09 41,367 . 20,226 48.89
1961 84,961 43.502 51.20 42,763 22,576 52.80 ' 42,198 20,925 49.59
1962 66,839 44,985 51.80 43, 744 23,1357 53.39 43,095 21,628 50.19
1963 88,1756 46,516 52.41 L, 124 24,159 S4.02 44,032 22,1357 50.177
1964 90, 700 48,017 52,96 45,717 24,963 54. 60 44,983 23,073 51.29
1965 99,666 49,348 53.25 46,726 25,681 54.96 . 45,940 23,666 51.52
1966 94, 192 50, 582 53.36 41,814 26,358 55.13 46,978 24,223 51.56
1967 95,850 51,798 53.48 48,853 271,025 55.732 47,9917 24,172 51.61
1968 ' 93,85) 52,963 53.58 49,861 27,669 55.49 48,992 25,293 51.63
1909 100, €91 51,971 53.54 50,849 28,244 55.55 49,952 25,1721 51.50
1970 132,525 54,51 53.50 51,728 28,763 55. 60 50, 797 26,090 51.36
1971 104,006 55,196 53.07 52,465 28,965 55.21 51,541 26,231 50.89
1972 105,330 55,261 52.41 53,1217 29,0217 54. 64 52,201 26,234 50.25
1973 106,493 55,107 51.75 531,718 28,9178 53.95 52,775 26,129 49.51
gy | ' . 981 E
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rapid increase in female enrollment, sex ratios have declined. The
greatest decrease -- from 211.2 in 1947 to 153.1 in 1973 -~ occurred in
higher education.

In Table 14 we present the distribution of students by sex znd edu-

cational level. - Enfollment in higher education has increased by 244.4
pergcent in the period as a whole. The number of female students enrolled
in higher education has increased by the gr=atest proportion, 423.6 per-
cent for the period as a whole. As a consequence of a more rapid rats
of growth in enrollment in higher education, the share of higher educa-
tion in total enrollmeht has increased from 8.3 percent in 1947 to 14.5
percent in 1973. Earollment in secondary education has also increased
more rapidly than total enrollzment. The shars of secondary enrollment
has increased by three percentage points from 24.6 percent in 1947 to
27.6 percent in 1973, The loweast rate of growth in enrollment by educz-
tional level Zook place at the elementary level.. As a consequence, ths
elementary share in enrollmént declined by more than nine percentage
points from 67.1 percent in 1947 to 58.0 percent im 1573.

Table 15 presents our estimates of the employment status of the eco-
nomicaily active population, defined as the number of individuals 14
years of age and over, by sex. We observe an increase of 4§.8 percent
in the number- of workers from 1947 to 1973; this increase was slightly
higher than the increase of 42.1 percent in the economically active pop-
ulation. The number of male workers has increased by only 26.0 percent.
This constrasts with the 39 percent increase in the economically active

male population. Employment rates, based on nNumber of workers divided

39




Table 14
School Enrollment by Sex and Educational Attainment, United States, 1947-73
. (Thousands) "
N
Male FTemale

Year Total Elem. Second. College Elem Second. College
1947 27726 9638 1476 1570 8962 . 3336 743
1948 28129 9864 3634 1604 9194 N 3287 746
1949 28773 10199 3406 1632 9528 \3§is 752
1950 29495 10581 3379 1650 9884 3244 756
1951 30141 10854 3444 16064 10157 3322 759
1952 30884 11143 3535 1565 10448 3425 768
1953 32156 11681 3634 1546 10976 3529 789
1954 33574 12272 3744 1543 11551 646 . 817
1955 34903 12783 3878 1549 12052 3788 © 852
1956 36231 13234 4056 1578 . 12490 3974 899
1957 37603 13620 4313 1622 12857 4240 950
1958 39000 14006 4573 1680 13244 6490 1008
1959 40618 14441 4775 1760 = 13690 4673 1080
1960 42034 14981 4942 1884 16234 4815 1178
1961 43502 15295 5235 2046 14501 5117 1307
1962 44986 15545 5597 2215 14731 " 5469 1429
1963 46516 15829 5952 2378 15010 sg07 . 1540 °
1964 48037 16136 6281 2548 15309 6110 1654
1965 49348 16398 6456 2828 15564 5238 1865
1966 50582 16624 6591 3164 15784 6356 2083
1967 51798 16820 6749 3656 15972 6510 2291
1968 . 52964 16956 6942 3772 16099 6698 2697
1969 53972 17014 7141 4090 16150 6881 2595
1970 54854 17001 7325 4437 16124 7052 2914
1971 55196 . 16918 7487 4561 16033 7209 2989
1572 55262 16700 7635 4693 15818 7347 3069

. 1973 55108 16411 7748 4819 15531 3451 3147

100
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Table 15

Employment Status of the Population 14 Yeara of Age dnd70ver
by Sex, United States, 1947-73 (Thousands)

. Male Female ! Total

Economl—~ Fconomi- Economl-

cally Percentage cally Percentage cally Percentage

Active Employ- Employment Actlve Employ- Employment Active Employ- Employment
Year Population ment Rate - Population ment Rate Population ment Rate
1947 52810 43341 82.07 53376 17408 ° 32.61 106187 60749 57.21
1948 53224 43660 82.03 53933 17681 32.78 107158 61341 57.24
1949 53682 42152 78.52 54539 17660 32.138 108222 59812 55.27
1950 54047 43261 80. 04. 35041 18074 12. 84 109089 61136 56.2)
1951 54440 L4487 81.22 55567 19459 35.02 110008 63946 58.13
1952 548174 44758 81. 56 56142 19915 35.51 111017 64693 58.27
1953 55280 L5634 82.55 56682 20031 35.34 111963 65665 58.65
1954 557176 44212 79.37 57272 19919 34.78 113049 64191 56.18
1955 56291 44,920 70.80 57909 20960 36.20 114201 54880 57.69
1956 56918 45642 80.19 58641 21843 37.25 115562 67486 58.40
1957 57688 45538 78.94 59519 22154 37.22 117208 67692 52.75
1958 58311 L4051 75. 54 60264 2206 36. 61 118576 66113 55.76
1959 58925 45150 76.62 60984 22683 37.20 119910 67834 56.57
1960 59808 45278 75.170 61913 23256 37.55 121742 68535 56. 30
1961 60938 45030 73.90 63194 23601 37.35 124133 68631 55.29
1962 61892 45811 74.02 64299 24113 37.50 126192 69924 55.41
1963 62791 46022 73.29 65364 24611 37.65 128156 70633 55.11
1964 63682 46810 73.51 66425 25323 18.12 130108 72133 55. 44
1965 64633 48075 74 .32 67531 26425 19.13 132165 74460 56.34
1966 65630 L9454 75.35 68674 28062 40.86 134305 77516 57.172
1967 66656 50010 75.03 69872 28922 41.39 136529 78933 57.81
1968 62707 50852 75.11 71098 30014 2 42,21 138806 80865 58.26
1969 68712 51711 . 75.19 72114 31319 43,31 141087 83031 58.85
1970 69911 51611 73.83 73579 31433 42,12 143491 83046 57.88
1971 71113 51540 72.48 748139 31799 42.49 145953 83340 57.10
1972 721310 52670 72. 84 76106 33105 43.50 148417 85776 /57.79
1973 71508 54611 74.230 77349 14564 44 .69 150858 89178 59.11

N 102
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by the economically active population, have no clear trend at the aggrs-
gate level. When the sexes are viewed separately, however, clear trends
emerge. Over the period 1947 to 1973 there has been’a gragual decl%ne’
in male employment rates and a marked increase in female employment'
rates of eight percentage points. As a comsequence of the increase on
female employment rates, the sex ratio for employed workers has declined
from 249.0 ia 1947 to 158.0 in 1973.

Table 16 gives the rate of growth of total population, school enroll-
ment, school age population, emplovment, and econoﬁically active popu-
lation by educational attainment and sex. Growth rates ars given for

the period 1948-1973 and for subperiods corresponding to individual

_ business cyclass during the postwar period. Rates of growth of femals

school enrollment were systematicaily higher than the corresponding

rates of growth of male school enrollment. Female employment also grew
more rapidly than male employment. The table provides a countrast
between the behavior of the school age population and school enrollmenc.
Similarly, the table provides a contrast betweenuthe behavior of the
economically zctive ;opulacion and that of employment. Much less vari-
ation 1s found in rates of growth of the school age population than in

school enrollment and less variation is found in rates of growth of the

economically active population than in employment.

103 3
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Table 16
Total Population, School Enrollment, School Age Population,

Employment, and Economically Active Population by Sex and Level of Edu-
cational Attainment -- Raftes of Growth, 1948-1973.

1948 1943 19553 1957 1960 1966 19549
1973 1953 1957 19&0 1905, 1969 1273

Elementary
\ Male R . A
Population 07 1.01 1.09 «73 -,38 =1.5S% -.08
Enrollment 2.06 3,48 3.91 3.23 1.7% .78 «.90
School Age .93 1.33 1.39 1.73 ., 1.08 .15 -, 77

Employment =-3.33 =0.85 =-3.25 =3.19 -4.06 -3.69 =-5.23

Femzale
Population .18 1.19 1.22 W87 -.25 =1.d8 -.hh
Enrollment 2.12 3.61 4,03 7,48 1.74 77 -,97
School Age 1.02 1137 1.96 1.A° 1.21 .-57 -, T™
Employment ~-1.50 0.78 0.12 -0,72 2,30 =1.8¢ -3.07
Econ. Active =1.12 =1.00 «. 80 «1.56 =~1.91 =-2,43 .33
Seccundary
Mzle

Pooulation 2,44 2.10 2.30 2.84 2.89 ?-.55 1,99
Enrollment  3.31  l.1d 4,38 4,68 4.92 2,70 2.1s
 School Age 210 .22 1.00  2.23  3.06 2.80  2.82

; Employment 1.98 1.75 1.70 0.34 3.47 1.93 1.56
S~ Econ. Active 2.49%5 2.10 2.30 ?.83 2489 2.55 1.99

Female
Population 2.50 2.33 2.44 .78 2.35 2.00 1.92
Enrollment 3.33 1.43 d,o9 4,32 4,74 .63 7 2.01
School Age  1.86 .91 95 1.71 2.4b o2 2.723
Employment 3.49 3.32 3.61 1.409 4,94 4,33 2.3A
Econ. Active 2,51 2.39 Q.44 P.TR 2.86 2.61 1.93

Fd
College
Male |

Population 3.72 3.31 3.24 31.71 4,38 S.19 d.o”

Enrollment 4.950 -, 73 1.20 S.12 3.91 Q.17 4,19

School Age L.0n 2.03 2.35 .10 5.97 7.10 4.13

Employment 4.04 3.48 2.69 4,086 4,08 5.15 5.18
q

Econ. Active 13,72 3.1 3,24 7.71 4,30 .19 2.09

Female _ ‘
Population 3,39 2.52 2.53 3.30 4.2» 5.21 2.71
. .Enrollment 5.93 1.1° 4.77 7.42 9,97 BA.97 3.9%
School Age 3.R% 1.206 1.97 3.0% S.706 7.99 d4,87
Employment 4,70 3.21 3.09 6.89 3.85 6.27 6.63
Econ. Active 3.39 .

2.52  2.58  1.30  4.20  5.21  2.71

ERIC | 104
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: In Section 3 we have described a data base that includes the number
of emploved persons for the United States on an annual basis, cross-
clasgified by sex, employment class, age, educatiom, éccupation and
industry. We have aggregated over employment class; occupation, and
industry, and distributed the work force of each sex by individual years
of age from 14 to 74 and by individual years of educational attainmant
from one to 18. The data base described in Sactioen 3 also includes data
on hours worked and lébor compensaticn on the same basis as datza on
employed perscns. We have derived annual estimates of hours worked and
labor ccmpensarzion raquired for measuring incomes from market labor
activitiss by summing over employment class, occupation, and industry,
as befors. We obtain average hourly labor compensation for individuzls
classifiad by the two sexes, sixty-one age groups, and eight education
groups for a total of 2196 groups by dividing market labor compensacion
by aours worked for each group,

Labor fmput In constant prilces Is based on data on annual hours

[

worked and labor compensation per hour, crrnss-~classified by sex, age
and educaztion. To c;nStruc: an Index of labor input, wa assume that
labor inpu; can be éxpressed as a translog function of its 2196 compo-
nents. The corresponding index of labor input is a traaslog quantity
index of individual labor inputs where weights are given By average
shares of each component in the value of labor outlay. Tablel/ pr;sents

A

cross-classified by sex and educational attainment, for the U.S. economy

|
our estimates of the vzlue of wmarket labor activities in current prices,
from 1947 to 1973. Table 18 presents the corresponding estimates in con-

stant prices of 1972,

|
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Year

1947
194
19449

L1950

1951
1ase
1953
145d
1955
1954
1447
1451
1969
1444
1961
fune
1904
1904
1965
19006
1un?
1908
1969
1970
1971
1972
1973

Table 17

Vajue of Market Labor Activitilea by Sex and Educational Attainment, 1947-1973
(B11lions of Current Dollars)

Male Female
Total Elementary  Secondary Collepe  Elementary  Secondary College
169.3 51.°7 51,8 29.6 1.8 15.8 b.0
178.1 53.% 61.9 31.4d 8.3 lo.b 6.9
177.5 52.1 hi.0 12.2 8.4 16.9 6.9
191.0 55.4 6l B 35.6 8.9 1.2 H.2
215.5 GV 74,5 un.3 10.1 20.9 8.6
230,2 nl.2 AN.S ba .9 10.3 22.8 9.5
246 .1 ni, 1 87.4 ua9 .6 1o.7 °l.3 10.0
245.9 bi.2 RT1.7 51.2 10.3 25.0 10.5
2hl.h bl A 95,4 56.4 11.2 7.4 1l.h
2B4 .9 bh.b 103.9 ho_ 4 11.9 30.5 12.5
299.2 65.06 1101 68,2 12.1 12.7 13.6
Ing.a 2.1 110,95 bA U 12.0 17.9 14.6
32u .7 bd.b 120,6 4.5 12.A L 19,7
339,49 6bb.5 126.4 bu.0 1241 313.4 17.2
Jun. 8 61,0 128, RR_3 12.9 19.4 19,5
370.3 59,4 148,85 9¢..8 12.0 4.2 21.8
inl.u 60,8 1¢6,9 q0.9 12.6 o 45.8 21.9
ar1i.o 60.1 159.4 ton_t 12.7 49 .8 23.5
qal . n2.} 1/72.4 115.3 12.9 54.8 ’5.8
unn 7 ol 0 81,9 12A.H 13.4 61.0 PH.h
Hhibd.o Hhi R 198 tas. 6 14.0 bh.0 1.6
Sh9.4 bbb °19.0 159.3 14.5 73.17 Thad
b2b6.7 he,0 239,57 17A.5 15.1 4.2 40.5
htR .1 75.6 251.5 tog._ 8 15.7 AS.8 4s . R
714.8 6.6 °hl.8 P15.3 15.0 95.6 82.h
83,1 69.7 291 .U 239.7 16.1 108.0 59.2
B8ho 1 10.6 321.4 269.9 15.4 120.0 6B, 8

1ub




1947}
1948
1949
1950
1951
1952
19%3
1954
1955
105n
1us/
195H

1959

1960
1961
190
1963
1964
1965
1906
1967
196H
1969
1970
1971
1972
ju73
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‘Table 18

Value of Market Labor Activities by Sex and Educational Attainment, 1947-1973
(Billions of Constant Dollars) )

556.9

S6l.1
Su3.3
564.5
586.3
568.8
609 .4
594 .6
61048
62l. U
"619,7
605 .1
b2%.9
edt. N
636,.2
b57.0
bod.2
671.9
&L99 .4
121.1
732.06
T7d46.9
Ths,2
T65.6
763 .1
THY. 1
A1s.2

163.9
162.6
1947
tot.6
bl .6
197.8
15u.9
145. 4
tia,
t40,.6
153.3%
122.9
122.3
126,0
itn.?
1na.n
102.A8
Q1.0
Qh,3
9.3
90,9
R, 3
Re2.9
Ha 1
12.1
69,7
6572

‘ q r‘ . /8,/"

197. ¢
1A8,7
195.0
20u0,.1%
21,2
218.0
218,13
221 .4
227.0
2271.9
221.5
230 .8
217.8
212.7
04,5
2H9 .46
2591
268.9
P18 8
279.3%
PRS .
200.6
PLY
25,7
291 .4
102 .4

102.5
104.9
103.%
109.3
1138
1204
1254
126.1
12a.0
133,
136.2
13,3
1a%.9
167.0
161.0
17¢.4
i72.0
177.9
1A _ 7
192 .3
20%.0
200_9
219.0
P2n3
230.0
2%1a.,.7
25h.9

24 .1
24.8
24.13
24,2
26.2
25.1%
25+ 0
21.4
25.1
25.4
24.7
23.9
2.6
27 .4
2.7
2t1.3
Pla.t
°0.8
20.14
19.5%

19,5

1R.S
17.9
17.17
15.7
15.1
ta.y

49 .4
S0.0
49.%
St1.1
56%.7
SR.1
59.5
59,7
63.5
66H.9
R4
bR .7
7t.4
6l b
72.7
Ib.0
719.0
R2.17
AT.3%
9°.2
54,2
97.6

103J7

QA0
102.6
104.0
112.2

21.1
22.0
22.6
25.4

T24.8

25%.9
6.1
2.2
el.h
8.4
29,2
29.9
10.9
3.1
16.8
9.4
318.3%
319.9
41.9
44.98
46.1
49,4
51.1
8%2.8
Sh.4
G9.2
hil . b
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The value of market labor compensation in current prices has increasa&
by 411.6 percent over the postwar period. The proportional increases were
greatest for college trained{workers -- 811.8 percent for males and 1046.7
percent for females. By contrast compensation fqr workers with only ele-
meﬁtary educztion has increased by 37.9 percent for males and 97.4 percent
for females. Compensa:ioh fof workers with secondary education has

increased by 446.6 percent for males and 639.5 percent for females. For

all levels of educational attaizment the proportional increase for females
has exceeded that for males. The corresponding patterns for markat labor
éompensation in constant prices are very similar. Labor compensation in
constant pricés represents a quantity index of labor inmput. The quantizy
of labor input for the economy as a wnole has increased by 46.% percent
gver the postwar peribd. The quantity of laPor input for workers with
only elamentéry education has fallen 60.2 perceat for males and 40.7
percent for females. By contrast the quantity of labor imput for col-
lege trained workers has increased by 130.2 percent for males and 203.3
percent for females. The corresponding increases for workers with sec-
/s

ondary éducation were 34.4 percent for males and 127.1 percent fgr fexzales.

We next analyze th; sources of growth in labor input in more detail.
For each of the 2196 components of’the labér force incorporated into our
data base, labor input is the product of the the number of persons

. : -

employed and annual hours worked per person. We present estimates of
;he-numbef of persons employed, cross-classified by sex and educational
attainment,.in‘Table 19. We present the corresponding estimates of anaual

hours worked per persofi, also cross-classified by sex and educaticnal

108.




Table 19

Employment by Sex and Educational Attainment, 1947-73

(Thousands)

103

Male Female .
Year Total Elementary Secondary College  Elementary  Secondary College
1947 60749 19747 17728 S hBb6 S 769 9039 2 601
1944 61342 19687 17918 6038 5874 9124 26719
1949 59812 1H OV 17254 5998 5 ASH 9044 2759
1950 61336 19934 17432 6295 5777 9217 3081
1951 63946 19556 18442 b uf9 6294 10147 3.015
1952 64 694 19046 LB 6H23 6109 10620 34147
1953 65 666 18 Bob tasyl 7186 6110 10773 1446
1954 64192 17 824 19223 1025 586A 10857 3.195
1955 65 881 17549 199546 7415 6157 11460 3.344
19506 67 486 17248 20 bb? 71728 6289 12115 Ja40
1951 67692 1656 20969 B0OOS 6145 1eua4s 3561
1958 66113 1y 394 2ua7a 8187 S 949 12475 3637
1959 67834 15 24n 21393 8559 6032 12940 3711
19060 68 535 1S 0uH 21 1KY 9044 6013 12865 4379
1961 68 632 13784 ?lb?‘l 9623 5764 1'3 iaqg 4454
190¢ 69924 1354 224531 1o zen S4u79 13913 4722
19603 70 633 12774 23047 10201 5519 14443 4609
1904 72113 12 1o 24054 10590 5 356 15179 4789
1965 74 460 12014 250062 10960 s273 16074 SO07A
19606 77516 11701 26106 11554 5235 17311 5517
1967 28 933 11397 26262 12356 5234 17833 5855
1904 80 865 10 955 27005 12893 5090 18505 b372
1969 83031 105654 27 665 13494 4 9ub 19714 6659
1970 83046 10 543 27113 13917 TR 19 364 7224
1971 81 340 Qa1 27 uu4 14613 aunl 19831 7520
1972 85 776 9071 2d 14N 15452 4252 20914 7939
1973 89178 4 p 20444 16605 4 03n 21 Hyu 8683
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in Table 20. Finally, we define the quality of hours worked

attainment,

as the ratio of the tramslog index of labor inpﬁf from Table 18 to the
number of hours worked by the corresponding cowpotent of the work force.
_ Labor'inpuc then becomes the product of the number of persons employed,
annual hours worked per person, and the quality of hours worked. Ve
present indexes of labor quality’by sex and educational attainment in

Table 21. Employment declines for both male and female workers wich
elementary education, increases subSCancially for workers with secandary
education, and increases very rapidly for college ;rained workers. By
contrast hours worked per person decline:fof workers of both sexes at
all three levels of educational attainment. Changes in,Ché qualicy of
hours worked within each category are relatively small. W-~~

Finally, we analyze changes in the structure of lab;: input for the
U.S. economy over the period 1947-1973. For this purpose’ye presant
growth ratas of the value of market labor activities in cufrenc and con-
stant prices. The quantity of labor input éer worker, and the price of
labor input for the period as a whole and for six subperiods in Table 22.
The annual growth rates for market labor compensation in current and con-
stant prices for the postwar period as a whole reflect the trends we
have already analyzed in Tables 17 and 18. For both males and femalas the
price of labor input increases most rapidly for college trained workers,
next most rapidly for workers with secondary educatiom, and least rapidl
for workers with elementary education. The patterns ﬁre positively cof-
rel;ced with the grﬁwch of labor input within ;hese catggori;s -- higher
rates of price increase are associated with higher rates of growth of .

labor input.

110 -




Table 20

Annual Mours per Person by Sex and Educational Attalnment, 1947-73

Male : Female
Year Total Elementary Secondary College Elementary Secondary College
1947 2055 >114 . 21a3 2193 1 A2 I 1 K5
1948 2048 . 2125 213Y 2184 1823 1813 1 Aue
1Q49 2026 2103 L 211} 2161 1809 1799 1873
1950 ¢ 2028 2106 2117 2147 1 AL2 1RO 1 859
1951 2027 2111 2119 21hA 1 A0S 1792 1 Rb2
1952 2016 2106 -8B V- 2149 1 780 1777 {1 Ru2
1953 2005 2006 2091 2130 1 704 1790 1 bdS
1954 198 20h% 206A 2108 1777 1773 1 A2Y
19%9 1948 2012 207t 2113 1 7848 1 704 1 K30
19506 1973 20457 2062 2097 1 781 1779 1822
1957 1947 2026 202h 2071 1 760 1764 1 808
1958 1932 2001 2010 2 055 1751 1760 1 Aod
1059 1938 2005 2014 2062 1768 1766 1812
1960 1928 2Uh3 2076 21454 16tN 1595 1 681
1901 1915 1 995 1999 200 1722 1734 1770
1962 1915 1 a9y 2005 2050 1705 1728 1771
1963 1913 1 995 2009 2049 1703 1723 1 760
1964 1905 { QRO 1999 2043 1 692 1719 1 765
1965 1904 1 9RS 2001 2045 1 AL 1714 1752
1966 1884 1977 1990 2015 1 639 1 hAY 17130
1967 1868 | 962 1971 2022 1618 167Y 1715
1968 1854 1 ou9 1947 2006 1 603 1 b2 1 705
1969 . 1849 1949 1953 2004 1 603 1 659 1699
1970 1824 19534 1ou7 2019 1 SAY 1674 1633
1971 1819 191% 1927 1974 1 ShT . 1 623 1 bbb
1912 1820 tan7 1932 1 ant 1 559 1 625 1 bbb
1973 1817 1 ROH 1910 1 ang 1 504 1 621 1 663
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Table 21

Quality of Labor Input by Sex and Educational Attainment, 1947-73
(1972 = 1,000)

Male Female

Year Total Elementary Secondary College Elementary Secondary College
1947 V. 894 L9461 KTy 1.017 1.004 T 968
1944 0.895 .9nU 961 1.01h 1.005 .95 971
1949 0.898 C9AS | J96A {1,020 t.007 .95A .979
1950 0.909 R 2 .976 1.029 1.o1s .96A8 .9R9
1951 0.906 .971 L974 1.013 1.012 .9n1 <985
1952 0.919 ©.974 ET 1.044 1.009 .969 <998
1953 0.926 L9717 .99y 1.050 .00 9717 . 1.00%
1954 0.934 LQH0 1.001 1.05R8 1.004 .974 "1.00h
1955 0.933 LY 1.000 1.057 1.003% .978 1.000 -
19406 0.933 LOAR}% .999 1.049 .99A .977 1.010
1957 0.939 LTS 1.001 1.049 1.004 .980 1.08%
1958 0.946 . 949 1.005 1.050 1.007 .98y 1,017
1959 0.948 .997 t.002 1,043 1.013 .9RY 1.026
1969 0.969 1.007 1.009 1.027 1.01% .99 1.006
1901 0.967 .90y 1.00% 1.045 1.008 L9464 1.044
1962 0.980 .995 1.010 1.0ua4 t.onp ©.99g 1.052°
1963 0.980 1.060 1.007 1.061 1.010 .994 1.050
1964 0.985 1.00% 1.0064 1.050 1.009 .997 '1.05%
1965 0.985 1.007 1.000 1,042 1.011 . 9945 1.053%
19606 0.986 1.004 1.001 1.048 1.00n0 998§ 1.042
1967 0.991 1.00% 1.007 1.0%A 1.0ty .99% t.029
1968 0.994 t.on? 1.007 1.037 <4997 .997 1.017
1969 0.994 1.000 1.004 1.015 .99 .998 1.009
1970 1.008 1.009 1.021 1.020 ' 1.014 1.01 .999
1971 1.004 O .999 1.007 1.0tAQ 997 t.0n3 1.004
£G972 1.000 t.000 1.000 1.000 i.0n0 t.000 1.000
1914 1.003 RO T TS .997 NODIN 1.004 .99Rn .999

o . 112
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Table 22
Value of Market Labor Activities by Educational Attainment
and Sex, Rates of Growth, 1948-1973
1948 1948 1953 1957 1960 19686 1969
1973 1983 - 1997 1960 1966 19m9 1973
ELEM
MALE :
VALUE (CURRENT) 1.12 ' 3.89 .60 W43 -.63 2.54 .57 S
VALUE (CONSTANT) -3.59 9 =3.58 =1,87 =u0.71 =0.20 <=5.A3
PER CAP,(CONSTANT) -.32 -.11 -.50 1.32 -.78 -.59 .77
PRICE IMDEX 4,84 4.69 d,4d ?.3% 4,28 7.03 .80
FEMALE ‘
VALUE (CURRENMT) 2.47 5.15S 3.0° .21 1.61 a.18 .u2
VALUE (CONSTANT) -2.14 J44 “.36 =3.1%8 =2.29 =2.90 -3.30
PER CAP,(CONSTANT) -.bb -.35 -, 49 =24z -.00 ={.04 «.S3
PRICE INDEX 4,72 4,68 3.40 .46 3.99 7.25 6.27
SECAOND : -
MALE
VALUE (CURRENT) 5.81 7.15 5.92 4.76 6.90 3.24 7.52
VALUE (CONSTANT) 1.73 2.04 1.1 1,47 2.69 1.39 1.00
PER CAP,(CIINSTANT) -.27 .25 -.h0 1.07 -.82 -.55 =.5e
PRICE INDEX S.00 5.02 4,786 3.29 gt 6.76 b.%s
FEMALE
VALUE (CURRENT) B.24 7.94 7.58 .77 10.55 11.33 5.27
VALUE (CONSTANT) 3.29 3.52 3.56 =1.R6 2.10 4.01 1.99
PER CAP,(CUMSTANT) -.25 .14 -.12 =2.94¢ 97 =.4U0 ©,99
~PRICE IWDEX 4.80 8.27 3.97 ?.6¢ 4.20 7.04 7.14
' COLLEG
MALE . ) :
VALUE (CURKENT) - 8.98 9.54 7.0 ~R.84 7.37 t1.48 10.90
VALUE (COMSTANT) 3,04 3.79 2.09 4.85 3.04 4,42 4.03
"PER CAP.(CONSTANT) . =.u7 .15 -, 72 .87 -,70 =,83% =1,23
PRICE [wDEX 5.15 S.b3 4.98  3.81 31.30 b.78 b.h’
FEMALE )
VALUE (CiJRRENT) 9.93 9.15 8.01 - R.23 8.81 12.25 14.14
VALUE (CONSTANT) 4,40 3.u2 2.39 4,30 S.04 8.72 5.71
PER. CAP,(CONSTANT) -, 40 .15 -, 25 =2.t5 1.08 =1.n5 -.73
PRICe [MOEX ' S.30 S.54 4,94 1.77 3,54 7.20 7.7%
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In Figure 1 we present age-earnings profiles for different periods
to 1llustrate the character of the data base employed in the estimation
of labor input in constanﬁ prices. These profiles also indicate potan-

tial applications of our data on 1abor input in other areas of research.

We have derived average per capita earaings from market labor activities

by single years of age, aggregating labor’compensation over sax and

education and dividing by population. We have then normalized all age-

’ earnings profiles to age 44 where labor compensFtion per person is

highest. Figure 1 presents age-earnings per cépita for selected years -

L

— 1947, 1956, 1965, 1973. The profiles are very similar from ages 1l&

through 55, but after age 55 we note a decreaSe in participation in :he//

labor market by these age groups.

114




Figure 1

Relative Earnings by Age
Selected Years, United Statea, 1947-73
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We have now completed the presentation of the utilization of
human resources in the labor market. Our next objective is to evaluate
the time spent on nonmarket activities, considering both consumption
and investment activities. The importance of the valuation of nonmar-
ket activities is widely recognized.. Nordhaus and Tobin (1972) have
incorporated nonmafket activities into their measure of economic wel-
fare, Reandrick (1976) and Eisner (;?78) have extended the national
income and product acczounts bv imputing value to time spent outside the
labor market.14 Unfortunately, there is no clear agreement on what Iypes
of activities should be included or on methods appropriats for valua-
ticn of nonmarket activities. |

To account for ncnmarket labor activities in a complete accounting
System, we consider'only contributions to final product and deduct all
uses of time that are instrumental to the production of goods. Six
typas of nonmarke: activities are commonly distinguished in studies of
time allocation =-- producﬁion of goods and services within the household
unit, volunteer work outside the household unit, commuting to éork, for-
msl education, leisuxe, and the satisfaction of physiologi}al needs such
as eating and sléeping{Ls We classify time spent satisfying physiologi-
cal needs as maintenance and exclude this time from our measure of time
spent in nonmarket activizies. We assume that the time available for
all market and nonmarket activities has been constant over time and is

equal to fourteen hours per day for all individuals.

N

<
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We allocate tAe annual :ime available for all .individuals in the
populatidn among work; schooling, household production and leisure, and
maintenance. Our system of demographic accounts includes the enrollment
status for individuals of each sex between five and 34 years of age.

We es;imate the time spent in formal schooling for all individuals by
assigning 1300 hours per year to each person enrolled in school.l6 We
allocate time spent in schooling to investment. Similarly, our demo-
graphic accounts include employment status for individuals of ezch sex
between 14 and 74 years of age. Hours workad for all employed iandivi-
duals, classified by sex; age, and education, are included in ouz data
base for market labor activities. We allocate time that 1s nor spent
working or in formal schooling directly to consumption. For ail indi-
viduals this time is equzl to the difference between fourteen hours per
day and time spent working or in school.

The fiﬁal step in the measurement of lifetime I;bor incomes is to
impute the value of labor compensation for nonmarket activities}7 For
this purpose we first obtain average hourly lahor compensation for all
employed persons, cr355—c1assified by sex, age, and education, from our
data base for market labor activities. Second. we estimate marginal
tax rates for all employead ﬁersons, again cross-classified by sex, agey
and education.18 We multiply‘compensation per hour by one minﬁs the
marginai tax rate to obtain imputed hourly labor compensation for non-
market activities other than formal schooling. Sipce indivi@uals under

N

fourteen years of age do not participate in the labor force, their

£y

|
ERC v 117
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imputed hourly labor compensation is sat equal to zero. Individuals
over seventy-four 'years of age are also assigned zero as their hourly

labor compensation.
We multiply compensation per hour by one minus the marginal tax
rate to obtain the value of compensation per hour for nonmarket activi-

ties. Hours used in nonmarket activities are obtained by subtracting

s

hours spent on the market and hours spent’'in formal education from the
total time available. Table 23 presents our estimates of the value of

leisure and nonmarket labor activities other than formal education in
t

current prices, cross-classified by sex and educational attainment, for
the U.S. economy from 1947 to 1973. Table 24 presents the correspondiag .

estimates in coustant prices of 1972.

The value of nonmarket activities in current rices has increased ©
o p

421.2 percent over the postwar period by comparison with the 411.6 percent

-

{ncrease in the value of market labor activities. Similarly, the value

of nonmarket aczivities in constan~ prices, a quantity index of labor

time devoted to these activities in constant prices, has increased by
v ?

2. . . . -
50.9 perceat by comparison with an increase in the quantity of markat

1abor activities of 46.4 percent. Proportional increases in the

value of nonmarket labor activities in both current and cortstant

prices wers largest for workers with college education, next largest

for those with secondar education, and smallest for those with
?

elementary education. This pattern coincides with that for increases

in the value of market labor activities. By contrast proportional

increases for the value of nonmarket labor activities were largest

the reverse of the pattern fot market labor activicles,

for male workers,




Year
1947

1948 .

1949
1950

1951 .

1942
1453
1954
1958
1956
1997
19%8
19454
19a0)
1601
1967
1903
1964
L9065
190b
1967

1908
lé)bq
1970
1971
1972

Table 23

Value of Nonmarket Labor Activities by Sex and Educational Attainment
(Bi1lions of Current Dollars)

Male Female

Total Elementary Secondary College Elementary Secondary College
371.8 Rais 13%.7 13.2 69.8 B5.5 2.1
405.7 agis ne.2 . 3RS 73.2 93.4 0.0
429.5 ° - 9f.s Re .3 np_R 73.R 99.5 12.4
Uub, 2 90,7 94,6 . . 4s .9 ... 14,1 105.0 4.8
Uol. 95,5 9. b uq Tho 110.3 17.1
I | ayr.2 104,.7 52.3 78,2 116.73 319.4
S518.9 101.3 115.0 - 57.3 81.1 124.1 42,1
555.2 105.8 1240,0 61 8 B1.9 133.5 46.3
580.°2 ton.7 131.9 6£9.0 81.9 139.6 49 .1
b2l.2 114,7 143.9 75.4 Ba, 3 150.1 52.7
bhh.5 121.3 157.2 HY1.0 86.18 161.0 57.3
704 .1 124.1 169.3 90.1 a71.2 170.,.8 H1.9
7133.9 127.A 179,9 96 .4 85.13 174,18 65.A
T62.2 124.6 185.6 101 .1 90.8 1R9 .7 70.5
BO9 . 4 130,2 P 113.3 89,3 201.6 T4.7
suy .2 154,38 211.2 121.0 9.4 211.7 79.1
ARG .6 132.1 223.9 12/ A 90.5% 226.4 AS .1
 9S6.4 136.9 2us, 4 142.9 95.7 S 243.6 93%.9
“1016.b 159.2 2h1.9 153.56 94,1 262.9 100.4
1096.73 fuan, g4 2RY .1 171 .4 104,13 2R3.0 111.9
1171.2 1u7.R g2 1y 102.9 06,1 12d4.0
120h9.7 151.0 33t.0 207 .1 112.1¢ 112.5 t36.0
1379.5 15,7 1603 2301 119,14 162.3 1682.1
1540.8 160.1 uny, 7 2hb.b 120.4 410.3 179.2
1711.0 1H1.5 0453,2 207 .4 135.7 uu7.3 195.9
119,22 [H9 .9 s, % 3Iis.6 1365 av1.3 211.0
1960.0 211.3 HiIB,.2 114.2 1d9 .y SIR. Y

PPb6.R
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Year

1947
19u8
1949
1950
1951
19%2
1963
jas4
1455
1956
1947
1954
1959
1960
1961
1962

1963

1904
1905
1%a6hb
1961
1968
19049

1970
1971
1972
1973

wi?

Table 24

Value of Nonmarket Labor Activities by Sex and Educational Actainment
(8111ions of Constant Dollars)

Male Female )
Total Elementary  Secondary College Elementary Secondary College
1224.1 2H1 .4 261.1 126.2 20R.9 S 2su.2. 92.4
1243.8 2718.0° 269,13 131.8 206.1% 2h2.2 96 .1
126441 274.9 2T11.5 137.5 203.8 270.4 99.9
1282.1 271.1 2R5 .1 1432 200.9 27R.0 103.5
1294.3 2aR.9 291.9 {up .0 194.4 2R5.5 105.7
131a.8 260, % pQA 7 15,0 195.4 292.9 1ok, 1
1530.4 2ns.2 ins.5 {5H_0 193.0 100.1 110.6
13u7.17 260.3 312.8 16%.6 S190.2 107.5 118.4
1365.1 251.2 120.0 160 4 187.4 114.8 116.3
1384,0 254.2 327.7 175.9 184,64 122.5 119.52
pund.t 251.4 3144.6 1A1.8 142.1 310.3 122.9
1u22.4 247.1% 03,6 1AR_?2 178.7 11R.2 120.4
tuny,e 242.9 152.1 1050 170.7 Ta6.4 130.2
14nl.2 2319.2 Yh2 b 2010 171.2 166 .4 134.9
1uvu.s 2537.4 371.9 210,06 169.h 165.6 139.4
1519.9 2%2.9 I81.9 21n.9 lob.t 175.95 i4gd.6
1543.7 227.3 191.,7 2217.4 1o2.1 1R5.4 150.0
1SoH.5 221.4 uny.6 236.3 158,.0 195, 6 165.7
1597.4 215.9 u12.8 2us5.17 154.2 467.0 161.R8
1628.7 210,13 uld.) 256.% 150.% 1.4 1a9.1
16b0.b 204,40 05,0 26R .0 146,13 429.8 177.0
16950 198, 2 b, 2 2r0 .1 1a2.2 a4y .S 145.4
1727.1% 191.6 un7.7 2072 .8 137.6 453,13 194.2
1708.4 184,85 470.1 10h.06 132.h 4oS.7 203.8
1791.2 1B7.13 i17.0 3110.9 134,17 01%.6 2n1.2
1819,2 189.5 dnS .3 115.6 136.5 nuft .l 2i1.0
1HaT .6 9.7 0oy, 3 120.5 138,13 Y. 2 214.7




labor activity to be 1958, Nordhaus and Tobin's estimates are six &o

vhere proportional increases. were largest for female workers.

Finally, we analyze changes in the structure of nonmarket labor
activities for che"U.S. economy over the period 1948-1973. For this
purpose we present growth rates.of the value of nonmarket labof activi-
ties in ?urrenc and constant prices, che_quanci:f of nonmarket activity
per worker, and the price of labor utilized in nonmarket activities for
the period as a whole and for six subperiods in‘Table 25, As in the

analysis of the structure of markat labor activities, the annual growth

rates for nonmarket labor compensation in current and constant prices

.. for the postwar period ‘as a whole reflect the trends we have analyzed

in Tables 23 and 24. TFor both males and females the price of labor

utilized in nonmarket activitiass increased most rapidly for college
trained workers, ngxt most rapidly for workers with elementary educa-

tion and/leas: rapidly for workers with secondary educatiomn.  For the
pridegﬁf labor utilized ih’markec labor activities the increases were
greacésc for college trained workers and least for workers with elemen-
tary edpcaﬁion. |

Table 26 presents a comparison between 6u: results and those
obtained by Nordhaus and Tobin (1972) for four ?gars in which comparable

estimates are available. For this purpose we hale taken the base for

all price indexes employed in our estimates of the valte of nonmarket

.

fifteen percent above our estimates in current dollars, and twelve to

N

thirteen percent above our estimates in constant dollars. Since their

-

estimates are derived using wage rates before taxes, we would expect an

upward bias.
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ELEM
MALE
VALUE (CURREANT)
VALUE (CONSTANT)

Ptk CAP. (CUONSTR NT)

PRICE INDEX

FEMALE
VALUE (CURKENT)
VALUE (CONSTAMT)
PER CAP.(CUNSTANT)
PRICE INDEX

SECOND

MALE
VALUE (CHURRENT)
VALUE (CUNSTANT)
PER CAP.(CONSTANT)
PRICE INDEX

FEMALE

" VALUE (CURRENT)

VALUE (CUMSTANT)
PeR CAP,(CUNSTANT)
PRICE INOEX
COLLEG

MALE )
VALUE (CUKRENT)
VALUE (COMSTANT)
PER CAP,(CIONSTANT)
PRICE IWNDEX

FEMALE
VALUE (CURFENT)
VALUE (COMNSTANT)
PER CAP,(CUIINSTANT)
PRICE INMDEX ’

Table 25

: Value of Nonmarket Labor Activities by
Educational Attainment and Sex, Rates of Growth 1948-1973

1948
1973

- 3455
-1.48
=1.55

S.10

2.89
=1.59
-1.77

4.55

7.64
2.45

.01
S.07

7.09

- 2.53

s
4.464

9.05
3.62
«710
5.25

- 8,42
3.27
-.12
4,99

1948
1953

" 2.77

,-lonq

-2.08
3.91

2.06

-1.32

=2.45
.42

6.58
2.55

45
3.93

S.84
2.74
«3S

3.02

B.2%8
}.70

<38
8,42

6.99
2.4

.32
4,03

1953 1997
1957 1960
4,860 .92

=leld  «1,85

'2.20 -7036
5.50 2.61

1.71 1.50
-1.48 =2.,0%

'-2062 -Poag

B.59 S.69
2.34 ?.827

07 -.21
©.07 ?.96

5.73 S.6¢

20“2 9057
-002 -021

4.21 ?2.%7

9.70  #.A0
3.57  3.74

.31 .03
5.92 ° 2.3%

8.01 7617
2.86 3.19

03 -.14
S.22 1.89

122

fqoo
19686

2.49
-2.12
=1.7%5

4.71

2435
«2.15
-1.39

4,50

"7.17

2.54
-, 24
§.431

b.qo
2.71
-.1u
4,08

9.20
3.08
-.37
S.02

8.00
3.55
-,40
4.00

1966
1969

2.93
-3.06
-1.953

S.78

4.30
-2.89

-1.46

7.61

8.62

2.58
.03
S.90

8,54
2.71

« 10
S.71

10431
4,51

- =.hS
S.56 .

10.7%
4,72
-,4db
S.7&

98

1959
1973

7.°u
.01
.70
7.92

S.83
o11

S.71
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Table 26

Value of Nonmarket Labor Activities
Selected Years, 1947-1973 (Billions of Dollars)

Current Constant - (1958)
Nordhaus- Nordhaus-
Year J-P ’ Tobin Ratio - J=P ~  Tobin Ratio
1947 371.8 393.6 . 945 607.9 682.4 .891
1954 555.2 637.0 .871 667.6 755.1 . 884
1958 704.1 794.6 .886 704.1 794.6 .886
1965 1016.01 1096.9 .926 790.3 886.7 .891
P
|
|
i
;\ had
© 123
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The measurement of human capital is a very active area of research.
Investment in formél education has been measured by Schultz (1961);
Machlup (1962), Kendrick (1976) and many'ochers.lg To escimane‘life-
time labor incomes for all fndividuals in the U.S, population we>dis-
tinguish among three stages in the life cycle. 1In the first séage indi-
viduals may participate in. formal schooling, bn: not in the labor mar-
ket. In the second stage individuals may enroll in school and also ndrk.
‘In the third stage individuals may partinipate in the lagor market, but
not in formal schooling. For individuals in the third stage of the
life cycle total labor conpensaciOn is the sum of compensation for mar-
ket labor activities after taxes and imputed compensation for nonmarket:
labor activitizs. For indgviduais in the second stage of the 1life cycle
total labor compensation also includes'imputad labor compensa- |
tion for schooling. For individuals in the first scagé of the life
cycla'labof compénsacion includes only the imputed value of cine spent
in schooling.

For an individual in che :hird‘s:age of the lifg cycle, we assume
that expected incomes in future time periods are equal to the incomes of
individuals of the same sei and education,abu: with the age that the

individual will have in the future time period, adjusted for increases

vin real income. We assune that real incomes rise over time at the rate

of Harrod-neutral technical change, which we estimate at Iwo percent.

per year. We weight income for each future year by the probability of

A

survival, given the initial age of the Individual. We obtain these

by

I

ERIC | | - 1zg




‘probabilities by sex from publicaci;ns of the National Center for Health
Statistics. Where ﬁeCessary, these survival func~ions, giving
. probability of survival by age aﬁa sex, are interpolated by means of.
standard demoéraphic technique. Finally, we discount expected future
incomes at a real rate of return of four percent per Yyear to obtain the
lifetime labor income of an individual of a given §éx, age, and education.

For an individual at the second stage of the life cycle, combining
foraal schooling with the possibiliky'of participation in the laﬁor nar-
ket, we impute the value of time spent in scﬁooling through its i=mpact
on lif;:ime labor income. For an individual of a given sex and age who
is completing the highest level of schooling, grade eighteén, lifetime
labor income is the d;scoun;ed value of expected future lgbor incomes
for a person of that sex and age and eighteen years of schooling. The
imputad labor compensation for the :iﬁe spent in formal schooling is |
equ;i\:o ;he difference betwaen the lifetime labbr incomes of an indi-
vidual with eighteen years of gducation and an individual with the same
sex and age and one less year of education, less tuition and fees for
that gfade of sghoof&ng. Total labor compen;a:ion is equal to the value
of time spent in formal schobling plus labof.édﬁpensation for market and
nonmarket activities other than formal schooling.

‘For an individual comple:1ng grade seventeen » lLifetime labor income
is equal to the lifetime labor income of an iﬂdividual of the same sex
and education, but one year older, plus expected labor compgnsa:ion for

..,
A

one year, discounted back to the present and multiplied by the probability

of survival for one yeéfﬁ Expected labor compensation is equal to the




T | ' 102

p;obability of enrollment in grade eighteen, multiplied by market and
nonmarkeg labor compensation for a persdn enrolled in that grade, and
one minus the probabilitf of enrollment, multiplied by market and non-
labor compensation for a person with seventeen years of education, not
enrolled in school. As gefore, the imputed labor compensatioﬁ for the
:img spent in fﬁrmal schooling is equal to the difference between the
lifetime incomes of an individual with seven&een years of education and
an ind%vidual with the same sex and agé and one less year of edﬁcétion;
less tuition and fees. Using':he same approach to defining lifatime
labor incomes for individuals completfing earlier grades, lifetime incomes
and imputed labor compensation for the time spent in formal séhooling

can be determined for individuals completing sixteen yéars of education,

fifteen years of education and so on.

For an individual in the first stage of the life cyclé, where par-
ticipation in the labor market is ruled out, the value of labor compen-
sation 1is limited to the imputed value of schooling. Lifetime‘incomeé
for individuals at this stage of the life cycle can be determined for’
inﬁividualsvcomplet;ng one year of education, twé yearsAof education,
and so on, working backifrom higher levels of,educafion as outlined

- above. TFor individuals too young &£o ée enrolled in school, igputed
labor zompensation_is zero, but lifetime iabor incomes‘#re well defined.

The value of a newborn entrant into the population is equal to the life-

time labor income of the individual at age zero.

"
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To estimate investment in human capital through education we employ
data on 1ifetime labor incomes, cross-classified by single year of age
and single grade of highesc educational attainment. We use the incre~
ments in lifecime labor incomes and the number of individuals enrolled
in school to estimate the value of investment in education. In Table 27
we present our estimates of the investment in formal education in curreat
dollars. The most striking feature of our estimates is the high values we
obtain. 1In 1947 investment through formal educzation is 2.7 times the value
of market labor input. The rate of growtzh of the value of investment ia
education, 10.8 percent per year, is considerably higher than the fa;e of
growth of the value of labor input, 6.5 percent per year. Investment is
highest for elementary education, second highest for secondary educa-
tion, and lowest for higher education. Considering the shares of each
levél of education»in total investment, we observe a decrezse in the
shares of éecondary and higher education. Considering shares in invest-
ment by‘sex, we se2 that the male share ha#'decreésed throughout the
postwar period. , Y
~

" Table 28 presents our estimates of investment in formal education in

constant dollars. We observe the same striking features: Investment in &du-

cation is very large by comparison with market labor input, amounting %o 5.13

. times labor input in 1973; the rate of growth is hi}her than the rate of

growth in labor input -- 3.0 percent per year for investment in education
versus 1.5 percent per year for labor input. Investment is highest for

elementary education, next to highest for secondary education, and lowest
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Table 27

4

Investment In Formal Education by Sex and Educational Attainment, 1947-73
(Billions of Current Dollars)

*

- Male T Female
Year Total Elementary Secondary College Elementary Secondary College
1947 450.4 . 220.8 % 66.4 14.5 5.3 . 27.2 6.3
1948 498.7 246.1 73.4 16.9 125.0 29.7 7.7
1949 554 .6 273.5 78.3 18.7 1432 32.5 8.5
1950 600.9 302.1 82.0 20. 6 152.4 34.4 9.6
1951 660.0 322.5 88.2 22.5 1154 40.5 1.1
1952 721.5 351.2 95.9 24.2 192.0 45.8 12.4
1953 814.1 398.2 106.7 26.1 218.2 51.6 13.3
1954 961.2 465.4 122.3 28.6 266.4 62.6 15.8
1955 1098.7 530.1 138.4 31.4 307.5 73.3 18.0
1956 1214.6 584.5 152.5 33.7 342,17 81.5 19.7
1957 1384.9 " 656.9 173.9 37.0 397.0 97.3 22.8
1958 1549.1 ° 717.3 197.4 39.6 C451.4 117.4° 26.1
1959 1721.6 780.9 221.7 42.6 S08.5 1 138.2 29.6
1960 1900.0 880.2 251.7 42,0 533.7 . 152.6 34.8
1961 2159.5 1002.1} 287.4 50.7 ~ 615.4 -~ '168.5 35.4
1962 2362.7 ©1090.4 129.7 57.9 654.5 190.0 40.2
1963 2535.0 1141.6 365.5 63.9 703.6 215.4 45.1
1964 2887.0 1282.1 430.4 73.4 788.7 258.1 53.6
1965 3059.1 1347.2 467.6 79.2 826.2 280.9 .. 58.2
1966 3434.1 1520.1 536.4 91,7 899.7 . 315.1 7.1
1967 3830.7 . 1676.1 602.6 108,6 998.4 358.8 85.6
1968 4087.1 o 1762.9 ~ 643.8 118.7 1071.3 394.2 96.2
1969 4099.8 0 1920.2 727.0 135.3 1171.9 440.7 104.6
1970 5576.1 2344.0 911.3 169.8 1436.17 562.6 131.7
1971 6081.2 2541.8 1026.2 ©186.9 1549.4 627.2 147.6
1972 6263.1 2542.9 1057.7 201.7 1618.7 671.1 164.4

1973 6520.1 2599.4 1125.5 224.3 1671.3 123.1 -175.9

[RIC 128 | - | 129




Year

1947
1948
1949
1950
1651
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1976
1971
1972
1973

Table 28

Inveatment in Formal Education by Sex and Educational Attainment, 1947-73

(Billiona of Constant Dollars)

Male

Total . g!ﬁﬂﬁﬂﬁﬂf! Secondary College
' 2870.4 1241.9 425.5 71.8
2927.1 1275.7 4242 .1
3013.6 1328.1 422.8 “77.2
3108.8 - 1390.5 417.2 79.7
3195.5 1433.7 424.5 80.4
3285.4 1476.5 4331.8 81.0
3438.1 | 1551.6 _ W74 81.6
3613.6 1639.7 ' 463.6 83.0
3776.7 . 1719.4 479.3 84.6
3941.4 1795.6 499.7 06,2
4109.8 1867.6 526.0 '88.3
4284.1 1931.4 563.6 90.9
h062.3 1994.9 603.5 93.7
L664, 6 2078.7 ' 637.% 97.9 "
4847.5 2161.6 659.6 102.9
5029.5 - 2223.6 702.0 109.7
5213.2 2269.9 759.6 116.8
5397.6 *23231.2 813.1 122.9
5572.6 2377.0 861.6 129.0
5725.6 2429.2 893.8 140.3
5862.1 . 2477.6 914.3 155.0
5992.2 -, 2518.7 942.5 C166.8
6110.7 . 2549.4 976.6 117.5
6215.5 2569 .4 1012.8 189.5
6255.8 2566.3 1035.3 195.6
6263.1 2542.9 1057.7 201.7
62449 2505.2 1079. 4 207.7

Female
Elementary Secondary College
786.3 295.8 49,2
809.2 292.8 50.5
C844.2 289.7 51.9
a81.7 286.8 52.9
912.2 291.8 52.9
942.17 298.5 52.9
996.,3 308.2 531
1654.4 318.6 54.3
1108.4 329.2 55.8
1159.4 343.0 57.5
1207.4 360.7 59.8
1248.8 387.0 62.4
1293.2 411.8 - 65.3
1350.8 ~430.5 69.4
1406.0 4Wh2.2 74.9
1438.7 472.6 82.8
1468.2 509.4 89.2
1501.6 542.5 94,3
1535.2 - 570.1 99.1
1566.3 582.8 113.3°
1594.4 594.0 126.8
1617.0 610.3 137.0
1631.8 629.17 145.7
1618.6 649.2 156.0
1635.4 663.1 160.1
1618.7 677.7 164.4
1593.3 6904 168.8
131
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for higher education. While investmeﬁt in current prices increases
throughout the postwar period, investmedk in const#nt prices peaks in
1972 and begins to decline. Investment in constant prices.for elemen-
tary education peaks for Soth males and females iﬁ 1970. Investmeﬁt in
constant prices for secondary and higher education increases throughout

the postwar period for both sexes.

In Table 29 we prasent the investment in formal education per stu-
den; in currant dollars. We present the corresponding estimates in con-
$tant prices of 1972 ia Table 30. The estimates of investment per stu;
dent are very high, considerably in excess of per,capica' earuings.
Second, the highest levels of investment per student torrespoud to ele-

mentary education. Third, investment per student at the college level

is higher for females tham for males. Fourth, while the value of Invest-.

ment béf student in constant prices rises for males and females with
elementary and sacondary educatiom, this value pezks for college trained
males in 1955 and for college trained females ia 1930. These results

are very different from the usual findings on investment in education,

In interprating our estimates it is impor;ant to recall that we include
the value of leisure and nonmarket activities in lifetime labor Incomes,
producing very large values for Investment in edﬁcation and réducing

the differsnce between males and females. We meaSuré expected lifetime
labor income of a person with one additional year of education from life-

time labor incomes of persons with all higher educational attainment

levels by means of the nestad procedure described above.

132
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Table 29

Investment per Student by Sex and Educational Attainment, Market and
Nonmarket Labor Activities, 1947-73

(Thousands of Current Dollara)
¥
. Male : Female

Tot al Elementary  Secondary College ° Elementary Secondary College

16.2 22.9 19.1 9.2 . 12.8 8.1 8.4

17.7 22.9 21.3 10.5 13.5 : 9.0 10.2

19,2 ' 26.8 22.9 11.4 15.0 9.9 11.3

20.3 28.5 24,2 12.4 15.4 10.5 12.6 "
21.8 29.7 25.6 14.0 - 17.2 2.1 14.6

23.3 - 31.5 27.1 . 15.4 ' 18.3 13.3 16.1

23.3 .0 29.1 16.9 19.8 14.6 16.8

28.6 7.9 32.6 18.5 23.0 - 17.1 19.2

r.4 41,4 35. 6! 20.2i - 25.5 19.3 21.1

1.5 44,1 7.6 21.3 27.4 20.5 21.8

36.8 48.2: 40,3 22.r jo.8 } 22.9 23.9

39.7 : 51.2 43.1 21.5 3.0 26.1 25.8

42.5 54.0 L6 4 24,2 32.7 29.5 27.4

45.2 s8.7 50.9 24.9 ) 37.4 31.6 29.5

49.6 65.5 54 .9 24.1 42.4 32.9 27.0

52.5 70.1 58.9 26.1 44.4 4.7 28.1

S54.4 72.1 61.% 26.8 46.8 37.0 29.3

60.0 79.4 68.5 28.8 51.5 42.1 32.3

61.9 o 82.1 12.4 28.0 53.0 45.0 3.1

67.8 . 91.4 81.3 29.1 56.9 49.5 34.1

73.8 99,6 89.2 3.4 . 62.5 . 55.1 37.3

77.1 103.9 92.7 3.4 66.5 T 58.8 38.5 :
83.3 112.8 . 101.8 331.0 72.5 QQ.O .36.8

101.6 137.8° 127.1 38.2 89.1 79.1 45.1 9

-110.1 150.3 - 117.0 40,9 96.06 86.9 49.1 3

113.3 152.2 ‘ 138.5 42.9 102.1 92.2 53.5

118.3 158.1 145.2 C 465 : 107.6 97:1 55.9 1}34




Tablé 30

Investment per Student by Sex and Educational Attainment, Market and
Nonmarket Labor Activicies, 1947-73
(Thousands of Constant Dollars)

Male Female

Ay

Total - Elementary Secondary College Elementary Secondary College

103.5 124.9 122.4 us R H71.7 84,7 b2
104.1 1293 123.9 ua.b 8a.0 9. | 67.7
10d .7 130.°7 124.1 7.3 88,6 R .0 - aR.9
109.4 131.4 123.5 up.3 9.2 BRLY 70.0
106.0 132.1 128.2 Sn.t 89.4 87.4 69.7
106.4 152.5% 122.7 S1.17 90.?2 87.2 oA 8
106.9 132.8 123.1 52.8 90,8 A7.3 6.3
107.6 133.6 S 123.8 5.8 91.3% R7.4 6b. 4
108.2 134.5 T 123.b 54,6 92.0 86.9 . 6.4 |
108.8 135.7 123.2 S4.b 92.8 86.3 63.9
109.3 137.1 ©122.0 Sy, U 9%.9 HS.1 62.9
109.8 137.9 121,13 Su.1 94,1 86.2 61.9
1104 134.1 126.4 53.2 94.5 RA.1 0.5
111.0 138.7 129.0 " 81.9 94.9 9.4 SR.9
111.4 141.3 126.1 50.3 97.0 Rb. U 87.%
111.8 1430 125.4 49.% 97.7 " Rb.4 57.9
112.1 1434 T 127.6 ug 1 97.A ar.71" 5R.0
112.4 1a4q,0 129.4 4p.2 9.1 An.8 57.0 -
112.9 145.0 133,55 us.6 9B.b 91.5 S3.2
113.2 1461 135.6 Coua .6 99,2 91.7 Sd.4 |
113.2 1ar.3 135.5 uau.8 99.8 91.2 55.3
113.1 LIS 1315.8 uu .2 100.4 91.1 S4.8
113.2 149 . R 13l6.8 TR 101.0 91.5 S4.1
115.3 1651.1 111,73 up .7 101.6 92.1 5%.S
113.3 151.7 138.3 u2 .9 102.0 92.0 53.6
113.3 152.3 118,59 TR 102.3% 92.2 83.6
113.3 152.7 119.3 Wat.t 102.6 92.7 5.4
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Table 31 presents rates of growth of investment value in formal
education by~period.‘ For each of Ehe chree'educaciﬁnal levels and the
two sexes, four sets of values are presented. The first corresponds to
the value meaéured in curre;: prices; the second corresponds to values
measured in constant prices of 1972; the :hi;d corresponds to values
per scﬁdenc in constant dollars; énd the fourthfcorreSpondé to Ehedprice

deflator of investment in formal education. Considering the current

dollar values we observe that average annual ratas of growth for females

over the period 1948-73 exceed the average annuzl rates. of growth for

males for 2lementary, secondary, and higher education. 1In this period
the highest rzte of growth for males occurs for secondary asducation,
while the highest rztz of growth for males occurs for secondary education,
' - |

while the highest rate of growth for females occurs for higher education.

Growth rates for the six subperiods presented in Table 31 are similar

Considering the constant dollar values presented in Table 20 we N\

but not identical to those for the period as a whole.
‘ 1
find that average annual growth ratas for the veriod as a whole are very 1

similar for males ad famales at the elementary level, are higher for

~males at the secondary level, and are higher for females in higﬁer adu~

-cation. For subperiods we can observe a displacement of the maximum

rate of growth by educational level that reflects the displacement of )
the "baby-boom" group through the educational sector. For the 1953 to
19?7 period the highest rate of growth corresponds to elemen:ary_educi—
tion; for the 1957 to 1960 period the highesé rate of growch'corres—

ponds to secondary education; for the last two subperiods, the highest .

rate of growth corresponds to higher education.
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Table 31 110

Investment in Formal Education by Sex and Educational Attainment
1948-1973, Rates of Growth

1948 1948 1953 1957 1960 1966 1969
* 1973 1953 1957 1960 1966 1969 1973
ELEMENTARY |
MALE '
VALUE (CURRENT) 9.89 10.10  13.33  10.25  9.53 8.10 7.87
 VALUE (CONSTANT) 2.74 3.99 4.74 3.63 - 2.63 1.62 -. 44
PER CAP. (CONSTANT) .67 .53 .80 .39 .87 .84 . .47
PRICE INDEX ' 6.96 5.88 8.20 6.38  6.72 6.37 8.34
FEMALE | - -
VALUE (CURRENT) 10.93 11.79  16.14  10.36  9.09 9.21 9.28
VALUE (CONSTANT) 2.75 4,25 4,92 3.81  2.50 1.38 -.60
PER CAP. (CONSTANT) .62 .62 .85 . .35 .75 .60 .38
PRICE INDEX 7.96 7.24  10.69 6.31  6.44 7.73 9.93
SECONDARY '
MALE
VALUE (CURRENT) 11.54 2.77  12.99  13.13 13.44  10.67  11.55
VALUT (CONSTANT) 3.81 1.07 4.13 6.61 5.80 '3.00 2.54
PER CAP. (CONSTANT) .48 -.07 -.23 1.88 . 84 L2847
PRICE INDEX 7.45 6.63 8.51 6.11  7.22 7.45 8.79
FEMALE : ' ’ :
VALUE (CURRENT) 13.63 11.67  17.22  16.15 12.85  11.83  13.20
VALUE (CONSTANT) 3.49 1.03 4.01 6.07  5.13 2.61 2.33
PER CAP. (CONSTANT) .16 .40 -.65 1.68 42 -.07 .32
PRICE INDEX 9.80 10.54 12,70  9.50  7.30 8.98  10.62
COLLEGE
MALE
VALUE (CURRENT) 10.89 9.10 9.06 8.35 11.76  13.86  13.46
VALUE (CONSTANT) 4.17 .+ 1.79 1.97 3.51  6.19  8.15 4.01
PER CAP, (CONSTANT) -.31 2.54 .76 =1.54 -2.50 -.93 -.17
PRICE INDEX 6.45 7.18 6.95 . 4.68  5.25 5.28 9.09
. FEMALE .
VALUE (CURRENT) . 13.36 11.73  14.35  15.13 12.68  13.72  13.87
VALUE (CONSTANT) 4.96 .99 - 3.02 5.12  8.30 8.75 3.75
PER CAP. (CONSTANT»—_-.93 -.13  -1.68 =2.14 =-1.33 -.20 -.19
PRICE INDEX 8. 02 10.64  11.00 9.52  3.85 4.57 9.76

-

%Y

| Ligj; | | ' 137




H

To eliminate the effect of ‘the size of a given age cohort we pre-
. sen: investment in education in constant prices per student in Tabla
31. TFor the pos:war period as a whole the grow:h of investment per stu-
dent at the elementary level is positive for‘Soth maIes and females and
similar in magnitude. Growth of investment per sgudent at the secondary
level is positive for both sexes, but the average annual growth rate
for males exceeds :hat for females. Investment pet student in constant
prices in higher eﬁucation is aegative for the postwar perlod as ' a whola
and is more negative for :=males than for males. Rapid gains in enroll-
, ment rather than increases in investment per student account for the

increase in investment in constant prices for both sexes over the posc-

war periad.

. To bring out the implicatious of our methodology for measuring life-
Eime labor incozmes, we have estimzted investment in formal education by
conventional methods. For this purpose we have restricred the ré:urns £o
market labor earnings knd‘ponsidered only the earnmings of persons with one
additional year of schooling. We have used the same rata of return and
rate of increase in wéges as in estimates that include the value of non~
market labor accivit_iesf In Table 32 we'presen: the resulting estimatss \
of Investment in education in current dollars. We-ean observe that using
more convenﬁio;al method;logy the value of invescmeat in education is

reduced dramatically, that the greatest raduction occurs at the elementary

level, and that returns to investment in education for females are reduced
N . . .

more than the returns to investment for males. /




Table 32

: Investment per Student by Sex and Educational Attainment, Market
70 . . Labor Activities Only, 1947-1973 .
(Thousands of Current Dollars)
Male - . Female ‘
Yearx Tot al Elementary Secondary College - '~Elementary ‘Secondary -College
1947 2.9 3.9 4.9° 9.1 .4 2.0 * 2.3
1948 3.1 4.4 4.8 . 9.3 .5 2.1 2.6
1949 3.1 | 4.4 4.9 9.6 .5 2.2 2.9
1950 3.5 5.1 5.0 10.3 o . 2.3 3.3
1951 3.7 5.4 5.3 11.2 .5 2.5 3.7
1952 3.8 5.7 5.6 12.0 : .3 2.5 4.1
1953 4,0 6.0 5.8 12.7 .5 2.6 4.1
1954 4.2 6.3 6.1 13.2 .5 2.7 4.4
1955 4.5 6.9 6.5 14,2 .6 2.9 4.9
1956 4.8 7.4 6.8 14.8 .6 3.1 5.1
. 1957 5.0 7.7 7.0 - 15.3 o7 ! 3.2 S.4
BENU 1958 5.1 7.8 7.2 15.4 .7 3.3 5.7
1959 S.4 - 8.3 8.0 15.9 o7 l.6 6.3
1960 5.5 8.2 8.8 16.6 o7 3.0 5.8
" 1961 5.1 7.0 8.1 16.8 .5 3.6 9.1
1962 5.3 7.0 8.6 17.8 .3 3.7 9.4
\1963 5.6 7.4 9.0 18,2 .6 3.9 9.7
1964, 3.1 7.8 9.9 19.5 .8 4,2 10.6
1965 6.3 . 7.8 - 10.5 19.0 .9 4.6 10.7
1966 6.9 y 8.2 11.0 20.0 1.8 5.1 ' 9.5
1967 7.0 ~ 8.1 11.5 21.9 .9 5.1 10.4
1968 7.6 8.5 12.1 22{.4 1.4 5.8 11.3 [
1969 7.5 7.4 12.8 23.17 o7 6.8 11.8 . ~
1970 9.1 9.7 13.3 8.7 - 1.3 7.2 12.7
1971 9.8 9.1 . 16.5 0.4 - 1.9 8.3 14.3
: 1972 10.4 10.5 16.9 29.4 . l.4 8.8 15.1
O 1973 11.0 9.9 18.3 1.1 1.9 9.9 ., 15.8
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f . Table 33 presents a comparison in constant dollars of the results

‘ of our two diffarent methods for éstimating investment in education.
The share of market returns is given by the percentage of the value
obtained using market returans in Ehe value.obtﬁined using the nested
procedufe with both market and nonmarket returns. We observe that the
estimate using the more restricted definition of labor incomes is oﬁly.
eigh: to nine percent of the estimate derived using the more comprehen-
sive definition. The lowest percentage in the table corresponds to
females enrolled in elementary school; the estimate of investment in .
education using the restricﬁed definition ofylabor incomes is a little
mn;e than one percent of Investment using the comprehensive definition.
The highest percemtage corresponds to males enrolled in college with
the restricted definition of raturns ranging from 64 to 69 percent of
the compréhensive definition.

There are uno other gitimates of investment in educatfon on the basis

of lifetime labor incomesm:o compare with our results. Eétever, we can -

compare our estimates with estimates based on cost of education. In Table

Id
34 we present a comparisom of our estimates with those of Kendrick (1976).

20
Kendrick's estimacas of the value of investment are only 4 to 5 percent of
our estimates, As indicated in Table 33, the traditional method of imputing
investment in education from lifetime earnings results in-estimates batwaen
8 and 9 percent of our estimates, implying that the traditional method of

imputing lifetime earnings leads to estimates that are twice as large as

those based on costs of education. Our overall conclusion is that the most

¢ important innovation we. have made 1s to incorporate both market and nonmar-
ket activities into our measures of lifetime labor income. .
\}
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Year

1947
1948
1949
1950
1951
1952
1951

) 1954

1955
1956
1957
1958
1959
1960
1961
1962

1963 |

~ 1964
1965
1966

1967 |

1968
1969
1970
1971
1972
1973
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Table 33 ,
Percentage of Investment Based on Market Labor Activities
to Total Educational Investment, 1947-1973
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"Male

Elementary Secondary College
8.3 13.0 65.4
8.2 12.9 65.2
8.1 12.8 65.0
8.0 . 12.7 64.8
1.9 12.8 64.5
7.8 12.9 64.3
7.8 12.9 64.2
1.7 12.9 64.0
7.6 12.9 63.9
7.6 12.9 64.0
7.5 12.9 64.2
7.5 13.0 64.4
7.5 13.0 64.7
1.4 12.9 65.1
7.3 12.8 65.5
7.3 12.7 65.9
7.2 12.7 66.4
7.2 12.9 _61.1
7.2 12.7 67.6
7.1 12.4 67.6
7.1 12.4 67.4
7.0 12.4 68.3
7.0 - 12.3 . 68.8
7.0 12.3 68.9
7.0 12.2 68.7
6.9 12.2 68.5

6.9 12.2

68.4

.Elementary

Secondary College
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Table 34

Investment in Education Based on Costs and on
Lifetime Labor Incomes, 1947-1969

Billions of Current Dollars Billions of 1958 Dollars /

Year J-P Kendrick Ratio J-? Kendrick Ratgo
Income Cost Income Cost )
Based Based Based Based

1947 450.6 28.0 16.07 1037.9 43.4 23.90
19438 498.7 30.7 16.20 1058.4 4h.35 23.80
1949 554.6 30.4 18.22 1089.8 43.0 25.34
1950 600.9 33.6 17.88 1124.1 45.9 24,46
1951 © 660.0 38.8 17.00 1155.1 49.9 23.12
1952 725 - 42.5 16.95 1188.0 52.2 22.75
1953 814.1 - 45.9 17.72 1243.2 56.6 22.76
1954 961.2 4.9 21.39 . 1306.7 52.4 24,94
1955 1098.7 50.8 21.59 1365.6 57.4 23.76
1956 .1214.6 56.2 21.60 11425.2 60.5 23. 54
1957 1384.9 - 8l.3 22.57 1486.1 1 63.2 23.49
1958 1549.1 63.7 26,30 1549.1 63.7 24.30
1959 1721.6 71.4 24.10 1613.5 68.8 23.43
1960 1900.0 75.2 25.24 1686.7 70.6 23.88
1961 2159.5 79.8 27.03 1752.8 73.2 - 23.92
1962 2362.7 88.2 26.76 1818.6 78.7 23.08
1963 2535.0 95.8 . 26,448 1885.1 83.2 22.66 :
1964 2887.0 106.1 27.19 1951.7 89.1 21.90 ’
1965 - 3059.1 ~"118.4 28.84 2015.0 - 96.4 20.89
1966 3636.1 137.4 24.99 2070.7 '107.6 19.24
1967 3830.7 14876 25.76 2119.7 112.0 18.92 ;
1968 4087.1 "170.4 23.99 2166.7 121.8 17.78 :

1969 4499.8 192.3 23.39 2209.6 129.9 17.00
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l Footnotes

1. An aggregate production function was introduced by Cobb and
Douglas (1928). References to aggregate production studies hasad on
this approach are given ir a survey paper by Douglas (1948). References
to more recent studies of production at the aggregate level are giveh
by Kennedy and Thiriwall (1971) and Nadizi (1970). More reczat rafer-
ences are given by Takayama (1974).

2. Alternactive approaches to generating daca and analyzing the
sources of U.S. economic growth at the aggregate level ars éiscussed by
. Christensen and Jorgenson (1969, 1970, 1973a, 1973b), Denisoz (1%52,

196'7, 1969, 1972, 1974), Jorgznson and Griliches (1967, 1972z, 1372b),
and Kendrick (1961, 1973).

3. The breakdown of capital input by class of asset ané legzl Izm
of crganization was originactead by Christensen and Jorgenson {1983, 1970,
1973a, 1973b). Changes in the structure of capital input for the United . l
St;tes have been d%fcussad by Griliches and Jorgenson (1966) and‘py f
Jorgenson and Griliches (1967, 1972a, 1972b) . Gollop and Jorgenson - l
(1980) have presentad ;he first results based on this approach at the

" sectoral level. )

4. The breakdown of labor iaput by demographic charac:zaristics
was originated by G;iliches (1960) and.by Denison (1962, 1987, 1574).
Changes in the structure of labor input for;the United States have been
discussed by Jorgenson and Griliches (1967, 1972a, 1972b). Gollop and

ﬁb Jorgenson (1980) have presented the first results based on this approach .

% ar the sectoral level.
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5. Welfare measures of aggregate economic activity for the United
States have been presented by Sametz (1968) and by Nordhaus and Tobin
(1972). Proposals for measuring welfare have been reviewed by Campbell
and Peskin (1979), the United Nations (1977), and Beckeréan (1978).
Detailed references to the literature are given by Campbell and Peskin
(1979). We present a comparison becween“our estimates of the value og
time spent in nonmarket activities and those of Nordhaus and Tobin in '
Table 25 below.

6. Previous attampts to employ lifetime iﬁ;omés as a basis for
measuring human capital have besn limited covearnings for men based c¢n
market labor activities. Estimates of ghis type have been prasented by
Weisbrod (1961), Miller (1965), Miller and Hormseth (1967), the-U.S.
3ureau of the Cansus (1968, 197&4), and Graham and Wegb (1979).

7. Demographic accounting is discussed in detail by Stome (19713
and the Uni:e; NYations (1973).

. 8. The translog index of technical change was introduced %y

Christansen and Jorgenson (1970). It was first derived from the trans-
’

log production function by Diewert (1977) and By Jorgzenson and Lau (1977).

The translog production function was introduced by Christensen, Jorgen-

X

-

son, and Lau (1971, 1973).3
9. The role of an aggregate production account in a cotiplete
accounting system for the U.S. economy is discussed by Christensen and

Jorgenson (1969, 1970, 1973a, 1973b).
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10. The translog index numbers were introduced by Fisher (1922)
and have been discussed by Tornquist (1936), Theil (1%$65) and Kloek
. (1966). They were firsc.derivﬁd from the translog production function
by Diewert E1976). . :

.1l. The decomposition of growtﬁ in labor input between growth in
hours worked,and growth in labor quality is discussed in greater detail
in Section 3.below.

12, Detailed discussions of quality indexes and applications to
disaggregatad labor data can be found in the doctoral dissertations by
Barger (1971) and Chinloy (1974). Chinloy (1980) presents an applica-
tion to U.S.Eaggregate data.” Extremely valuable assistande in pro=-
gramming che.compucacions was p?ovided by Peter Derksen.

13. The initial design of our approach to the measurement of
labor input, the collection of d;ta, and much of the required estimation
were carried.out in collabor;cion with Peter Chinioy. The results of
his measurement and analysis of laBor input for the U.S. economy at the
aggregata level area reported in nis dogtoral dissertation. See Chinloy

’
(1974).

14, Campbell and Peskin (1979} have summarized accougcing sysﬁems
developad by Xendrick (1976, 1979),4Ruggles and Ruggles (1970, 1973),
and Eisner (1978, 1980). Xendrick's accounting system is also discussed

by Engerman and Rosen (1980). We present a comparison between our‘esti-

mates of investment in education and human wealth and thHose of Kendrick

in Section 4 below. .
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15. An economic theory of -time allocation is presented by Becker

(1965). Detailed references to more recent literature on time alloca-

tion are given by Murphy (1980). Results of a comprehensive and recent
empirical study for the United States arelpresentad by Juster, 'Courant,
Duncan, Robinson, and Stafford (1978). Kéndrick (1979) summafi;es the
results of an unpublished'paper by Wehle, comparing seventeen studies
of time allocation for the United States, covering the pariod 1924—1975.

15, A review of estimates of time spent in formal schooling is
given by Parsomns (1974).

17. WNineteen empirical studiess of the valuation of noumarket
labor activities for the United Statass are surveyad by Murphy (1980).

Kendrick (1979) providaes recent estimatas covering the period 1929-1973.

\
|
18. Houthakker (1959) has allocated income taxes to indiviguals

on the basis of demograpnic characteristics. We control the total

taxes paid on labor incomes to estimates for the U.S, economy as a ]
whole based on the methods of Frane and Klein.(1953).

19, A complece account for the educational secior is needed to
estimate rates.of return to educational investment. Estimates of invest-
ment in education have been preseanted by Schultz (1961). Rates of .
return are given by Becker (1964)., Kendrick (i976) provides estimatas
covering the period 1929-1969., Detailed references to recent literature
are provided by Campbell and Peskin (1979). *

) 20, Kendrick's estimates of human capital have been compared with

estimates based on lifetime labor incomes for malas betwaen the ages

of 14 and 74 for the United States, excluding the value of nonmarket

activities, for the year 1369 by Graham and Weddb (1279).
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