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Preface

A principal function of the Bureau of Labor Statistics
(BLS) is to inform policymakers and the general public on
factors influencing the well-bewng of U.S. workers. Thus an
important part of the Bureau”s work is the study of productiv-
ity, which relates directly 1o workers® real incomes, price sta-
bility, employment, and the competitiveness of 1.5, goods
and services in world markets.

The major purpose of this bulletin is to present new BLE
measures of changes in the composition of the labor force that
have influenced productivity growth. The bulletin also pro-
vides an estimate of how much changes in labor force com-
position contributed to the growth in labor productivity (out-
put per hour) for the years 1948 1o 1990. The bulletin recog-
nizes thar the effective guantity of Iabor input does not rest
solely on the total number of hours worked by members of the
8. labor force but also on characteristics of the labor force.
This siudy focuses on changes in the distribution of hours
worked by educational attamment and years of work eaxpen-
ence for both and women. The study alse examines the
role of hhorf:rli compostion change w the important slow-
down in productivity growth that began about 1973 and that
has hampered the growth in U.S. living standards since then.

The bulleun provides measures of the total labor input used
in the production of output in the private business sectorand
the private nonfarm business sector of the U5 economy from
1948 1o 1990, The wend in total labor input divides into the
trends in hoors worked and in labor foree compesition. The
trend in labor productivity—output per hour worked—is re-
Tated not only to the trend in labor composition hut also 1o
trends in capital input and in multifactor prodoctivity,

Few people doubt that edocation and training have an im-
ponant influence on a nation’s ouiput and productivity
growthand consequently on the well-being of its citizens, Re-
cently. much public discussion has been devoted wo the link
between education and traming and productivity growth, No-
merous researchers and policymakers have examined ways 1o
stimulate firms to improve education and job skills through
formal and informal on-the-job training in lechnologically
advanced occupations. This study does nol address all facets
ofthe recent public discossion. It does examine, however, the
past record of how educational stusinment and work experi-
ence contributed to the growth in productivity, The study's re-
sults may therefore be velevant to some aspects of the public
discussion on productivity growth.

BLS measures labor composition change in keeping with s
recommendation of the Panel 1o Keview Productivity Slabis-
tics set up by the National Academy of Sciences and chaired
by the late Professor Albert Rees. In s 1979 report, Measire-
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meni and Interprenttion af Productvity, the panel recom-
mended that

. . . the Burean of Labor Statistics devole more resources

to studying the use of weighted labor input measures,

The purpose of this effort would be the preparation of

one pr more weighted measures of labor inpat for broad

aggregatesof economic activity, suchas the private busi-

ness sector, (p. 128)

The panel set forth a number of reasons for developing such
weighted measures and also examined potential labor force
characteristics that should be used in developing the mea-
sures, It suggested the “use of weights based on some skill-re-
lated dimension of Libor input, such as years of schooling, for-
mal on-the-job training, or vears of experience” (p. 127). In
several respects, the present study fulfills these recomimenda-
Lions.

Chapters I, 11, and Il present the main resulis of the Bu-
reau's siudy, and several technical appendixes present the Bu-
rean’s methods, data sourees nsed, sensitivity tests designed
10 show the effects of alternative methodological approaches
on the mam results, and comparisons of the Burean's ap-
proach to labor composiion measurement with the sp-
proaches of other stodies.

The measures published in this bulletin are the Tatest n &
series of Bureau measures designed to1dentify the sources of
change in lsbor productivity, In 1983, the Bureau presented
ity measures of capital input and multifactor productivity in
Bulletin 2178, Trends in Multifactor Productivity, These capi-
=l input and multifactor productivity measures have been pe-
rodically updated since they were introduced. In 1989, the
Buorean presented measures of the direct effects of expendi-
tures on research and development on productivity change, in
Bulletin 2331, The Impact of Research and Development on
Producriviry Growth.

In other recent publications, the Bureau has analyzed mul-
ufactor productivity for detailed industries using gross otripul
rather than valve added and including purchased intermediate
inputs in addition to the inpms of labor and capilal, BLS has
alsoexamined, in a number of studies, alternative methods of
measuring capital inputs; the results of these studies have
been used 10 improve the 1983 measures of capital input,

Additional studies have attempted to 1nprove the methods
used to measure trends in labor productivity and multifsctor
productivity or to explain changes m productivity trends,
such as the slowdown in productivity growth that occurred af-
ter 1973, These smdies have focussed on such subjects asthe
measurement of capacity utilization, the role of rising energy
prices in the productivity slowdown, the development of



mieasures of labor input as hours worked—the preferred mea-
sure—in place of hours-paid measures, the consequences of
the possible failure of the equilibrium assumptions adopted in
most approaches to multifactor productvity measurement,
and the development of multafactor productvity measures for
other major industrialized economies. Wost of these
past-1983 efforts have been devoted to research 1ssoes identi-
fied in 1979 and recommended for further study by the Na-
tanal Academy of Sciences panel,

The present study was prepared by the Bureau’s Office of
Productivity and Technology, under the general direction of
Edwin R. Dean, Associate Comniissioner, Michoel T, Herper,
Chiel of the Division of Productivity Research, directly su-
pervised the research staff. Larry Rosenblom wrote most of
the text of the report, mads impaortant contributions Lo the de-
velopment of the study. and has been directly in charge of the
study in recent years, Kent Kunze directed the study forsever-
al years, made important contnbutions to its development,
and organized and drafted sections of the study. Mary Jablon-
sk participated in the ressarch, wrote drafis of several chap-
ters and appendixes, and made other highly valued contribu-
tians to the study. The specific research approach adopted in
the study was originated by the late William Waldorf, former
Chief of the Productivity Research Division. Linda Moeller
has provided keen insight into fulure directions for this work.
Professzor Michael Tannen, of the University of the District of
Colambia, worked on the study under a contract and made im-
portant contributions 1o the development of the study,

The approach to this study and prelininary empincal re-

sults have been presented at a pumber of conferences of econ-
omisis and other interested experts, In addition, papers re-
porting prelimmary results of the =tudy have been published
in conference proceedings volumes and in journals. Finally,
in meetings and in correspondence, the approach used in the
giudy has been discussed with other researchers. The com-
menis received through all these chanmels have been used to
refine the approach and methods used in this report and the
Bureau is grateful to those who haye provided comments:
Spectal thanks are doe to Dale Jorgenson, Harvard Univers-
ty; Fack Trplett, Bureau of Economic Analysis, U.S. Depart-
ment of Commerce: Marlin Baily, University of Maryland;
Jacob Mincer, Columbia University; Bevin Muorphy, Univer-
sity of Chicage: and John Kendrick, George Washington Uni-
versity. Many fruitful discussions wers held with the late Ed-
ward Denison, of the Brookings Instiution. Jerome Mark,
former Associate Commissicner of the Bureau's Office of
Productivity and Technology, Marilyn Manser, Assistant
Commussioner of the Burean's Office of Economic Research,
and Mark Loewenstein, also of the Office of Economic Re-
search, provided useful comments during the course of the re-
search.

Material 1n this publication is in the public domain and,
with appropriate credit, may be reproduced without permis-
siomn.

Sensory impaired individuals may obtain information in
this publication upon request. Voice phone (202) 606-STAT;
TDD phone (202} 605-5897; TDD message referral phone: |
{800) 326-2577.
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Chapter L. Introduction

Thiz bulletin presents productivity measures for the
private business and private nonfarm business sectors of the
U1.5. economy which reflect new and more comprehensive
measures of labor inpul. Defined generally, productivity is a
comparison of cutputs and inputs. Traditionally, the Burean
of Labor Statistics (BLS) has defined productivity ss outpnl
per hour and publishes a wide array of such measures.! In
September 1983, BLS published Trends in Muldtifactor
Productivity, 1948-81 (Bulletin 2178) which iatroduced
measures of multifactor productivity. This prodoctivily
measure compares onipnt to inputs of both labor and capital
and helps explain the effects of changes in capital services on
output per hour, The present bulletin éxtends earlier research,
focusing on a newer concept of labor mput,

Output per hour measures focus on the tme dimension of
luhor input measures, Labor input is based mainly on the em-
ployment and average weekly houts of employees from the
Curmrent Employment Statistics (CES) survey of nonagricul-
tural establishments and the number and hours of self-
employed persons, unpaid family workers, and agricultural
workers from the Cuerrent Population Survey (CPS). Accord-
ingly, aggregate labor mput is defined as the sum of the hours
of these workers—differences in the effectiveness of an hour
of labor input across workers were not considered,

The effectiveness of labor, however, may change because
uf changes in worker effort, the organization of the work-
place, or the composition of the work force (as well as
changes 1n nonlsbor inputs). Previous efforts to aceount for
output per hour change are extended in this study by measor-
ing one aspect of change in the effective quantity of an aver-
age hour of wotke changes in the composition of the work
force. The effective quantity of labor input depends not only
on the hours of labor but also on the cheracteristics of those
performing the work. Consequently, workers of differing
iraits are not perfect substitutes, and firms treat them as dis-
tinct inputs in their production process. In this bulletin, the
hours of workers are classified according 1o educational at-
tainment and work experience for each sex. By weighting the
changes in the hours of each type of labor, changes in the
educational attainment and experience of the work force are
incorporated into the measures of aggregate labor mput for
the period 1948 through 1990, It is then possible to measure

VHLS publishes quarterly measures of autput per hour for the business,
nonfarm bosiness, and manufscliring sectors, Annual messures for mare
than 200 detailed industries as well a3 intermational companisoms of menufac-
turing productivity are also available. A summary of the BLS productivity
mc;:lg; found in chapfers 10-12 of the SLS Hendbook of Methods

u .

the impact of changes in labor force composition on produc-
tivity growth during this pedod.

The remainder of this chapter provides an overview of how
changing work force characteristics affect measures of labor
input and productivity and how these changes can be incorpo-
rated into the productivity measures, First, concepts and defi-
nitions of produetivity, including labor productivity and mul-
tifactor productivity, are discussed. The concepts of weighted
labor input and labor composition are then presented and re-
lated 10 measures of productivity. After a bnef description of
the data used in this xmdy, measures of labor compozition
change and its effect on multifactor productivity growth in the
private business and private nonfarm business seclors are
summarized. The chapter concludes by describing the orga-
nization of the bulletin.

Productivity
Productivity is defined as the ratio of output 10 one or more

inputs. Prodvctivity increases if ontput grows more than in-
puts. Conversely, productivity declines if output grows less
than inputs. Economic growth can be achieved thromgh in-
creases in the quantity of inputs or productivity growth. In-
creases in labor, capital, and material inputs impose costs on
society such as less leisure time, lower current consumplion
(becanse of increased investment), and lower reserves of nat-
ural resources, Productivity growth represents increases in
output notatiributable to increases in factor inputs. Therefore,
prodictivity growth is the primary measure of changes in the
efficiency of the economy. Without productivity growth there
are few means of permanently raizsing the well-being of the
average worker, Given finile resources, a lack of productivity
growth would mean that economic changes would largely re-
flect shifts in the distnbution of resources and wealth across
the population.

Productivity growth accurs throogh a number of conduits,
Growth can arise from new technology, enhanced worker mo-
tivation, economies of scale in production, improved mana-
gerial skills (which result in better use of resources), m-
creased worker skdills {which result in better nse of the avail-
able technology and capital services), and other sources.

Measures of productivity
The most common measure of productivity is output per

hour or “labor productivity.” This measure might be refemred
to 85 o partial prodoctivity measure because it is based on only
one of several factorinputs, Changes in labor productivity re-
flect the growth in output nol attnbuied to the growth in labor.
Therefore, labor productivity changes in response to zll the



sources already mentioned snd to changes in the quantities of
factor inpuols other than labor.

For example, a farmerwho buys a new tractor that can cul-
tvate 500 scres of land instead of 200 scres dunng the grow-
ing season will produce more output. An increase in labor
productivity will be measured. This increase 18 cleardy attrib-
utable to increased capital services (a new and faster tractor).
If capitul services are, in pracfice, not measared, an increase
in measured labor productivity could be due eitherto changes
in the efficiency of the farm or to increased capital services.
Labor productivity measures, then, do not distingnish be-
tween chapges in the efficiency of the farm and changes in
other inputs, The advantage of labor productivity over more
complex productivily measures is that the necessary data
{measures of labor and output) are more readily aveilable and
are available sooner. Thus the measurement process is much
more convenient, and the measures are more dmely.

Multifactor productvity (MFP) 15 a more comprehensive
meazure of productivity which iz not subject to changes inun-
measured inputs. Changes in muliifactor prodoctivity are de-
fined as the growth rate of output less the growth rate of ag-
gregate mput, which is measured by the growth rate of each
input weighted by its share of the total cost of production. Be-
cause these share weights som to one, the change in the aggre-
gate inputs is a weighted average of the growth rates of each
mnpul. Changes in multifactor productivity can be viewed as
the growth rate of ontput less a weighted average of the
erowih rates of the inpots. A formal derivation of the growth
accounting framework used o measure multifactor produc-
tivity can be found in appendix A,

Fror major sectors of the economy, such as the private busi-
ness sector, most productivity analysts are largely concemed
with how efficiently the economy satisfles the needs of ndi-
viduals for consumption goods and of firms for capital goods.,
Some outpuls such as energy, materials, or business services
are largely sold to other firms to be nsed as inputs by these
firms. The value of such inputs adds to the output of each firm
in the chain to the final consumer, and the net sale (or notpnt)
o consumers of these inlermediate inpots is near zero. These
“intermediate cutputs™ are excluded from both the measures
of output and inputs to aveid double counting and possible
bias in productivity measures.®

Labhor productivity and multifactor productivity are close-
Iy related concepts. Af the aggregate level, the growth rate of
output per howr (lsbor productivity) is the sum of the erowth
rates of multifactor preductivity and the effects of capital in-
tensity (defined as capilal services per hour weighted by capi-
tal’s share of total costs). Consequently, multifacior produc-
tivity measures the effects of changes in new technology, en-
hanced worker motivation, economies of seale in production,
improved managerial skalls (which result in better use of re-

* Intermediates are included in bath ourput asd input for BLS productivity
mensures for defniled indusiries: For a-discossion, see William Guilickson
ind Michael Hamper, “Multifuctor Productivity in 1.5, Manufschmng,
V83" Manihily Labor Review, October 1987,

[}

sources), increased worker skills (which result in better use of
the available technology and capital services), and other
sources. Multifactor productivity does not measure changes
in capital intensity.

Labor input measurement
Labor input reflects the time, effor, and skills of the work

force, Previous BLS measures of productivity change have
focused exclusively on lthe time dimension of labor input.
That is, most measures of labor inpur are simply the sum of all
hours of workers, However, workers have differing traits and
are usually notinterchangeable. The fact that firms pay work-
ers with different characteristies ai different rates shows that
firms do not regand all workers as identical. Accordingly,
workers with differing traits should be treated as separate and
distinct inputs in the measurement of output and productivity
changes.

In a comprehensive study of the methodology of produe-
tvity measurement, the National Academy of Sciences rec-
ommended that differences among workers should be incor-
porated into the measures of labor input.® Recent studies by a
number of economists have focused on how worker skills af-
fiect measures of labor input.? In Trends in Multifactor Pro-
ductiviry, 1948-81 (1983), the Bureso of Labor Statistics
noted that changing Jabor input usually represents a changein
both the skill level of the work force and aggregate hours.
Consequently, the change in the composition of the worck
force is a sodrce of outpul growth which can add to our under-
standing of changes in output per hour.

This study broadens the concept of labor inpot to reflect
differences in the skills of workers. Although there are many
dimensions 1o a worker's skills, thiz study is limited to two
important measures of skills; education and work experience.
The hours of workers are classified according to theirlevel of
skill a5 measured by their education and work expenence for
each sex. (For brevity, the term “skills” is used synonymously
with education and expericnce.,)

From the perspective of formal production theory, it might
he thought desirable 10 classily workers by as many relevant
traits as possible. Presumably that would yield a good approx-
imation to the “true” labor composition measure, Jorgenson,
Gollop, and Fraumeni (1987) have estimated labor composi-
tion using a very large number of categaries representing 2
cross-classification of five charactenistics (age, education,
class of worker, ecoupation, and sex) for each industry. From
the perspective of production theory, this has the advantage

3 Mecrouroment and Interpreiarion of Produciviry, Comunittes on Nationsl
Statistics, Assembly of Behavioral and Social Sciences, Nstional Research
Cotiméil, (Wational Academy of Seiences, Washington, DC, 1979), See rec-
ommendation no. 9, p, 128,

4 Smudies of labar farce composition inclade Bdward Denison, Trends in
American Ecanomic Growth 1929-7952, Brookings Institution, (Washing-
ton, DC. 1985); D. forgenson, F Gollop, and B, Fraumeni, Frodusriviry and
Evongmic Groweh, Harvird University Press, (Cambridge, MA, 1987); and
Peter Chinloy, "Sources of Quality Changes in Labor Input,” American Eve-
iy Review, Marcl 1980, pp. 108-119. See appendix GG for a discussion of
the thenretical and empirical differences between these studies and the Hbor
composition measures developed in this bulletin.



that labor composition will Teflect not only the direct con-
tribution of the specified characteristics, but may also include
the many effects of correlated traits not specifically included
within the framework.

Such a comprehensive set of traits, however, can lead to
difficulties in identifying sources of labor composition
growth. For example, shifts in the proportion of part-time em-
ployment may be a source of labar composition change even
though work schedules are not a classifying charactenstic.

This study narrows its focus in order to identify and mea-
sure the effects on productivity of a specific known set of fac-
tors. Thus, rather than partition MFF growth inlo twa catch-
all categones (“labor composiion effects” and “all others
sources of mullifactor productivity growth”), a labor com-
pozition measure is developed that aitempts to identify the
separate and inferacted effects on productivity of changes in
two specific characteristics: education and work expetience.
Because eamings of men and women differ markedly, the
method is applied separately-to each.

To measure labor input, changes i the distmbution of the
hors of workers are weightad by their contribution to output,
Althoogh one eannot direetly observe a worker's contribution
to output, in competitive markets, a worker's hourly contriba-
non can be equated to his or her hourly compensation.s Dif-
ferences in hourly compensation rates by the level of educa-
tion and work experience have been thoroughly documented
in hundreds of studies.®

The change in weighted labor input is defined a5 the
weighted change in the hours of each type of worker. The
waights are the workers' shares of labor compensation which
gre determined by the relative size and hourdy compensation
of the group of workers.” Consequently, weighted labor input
now reflects the skall distribution of the work force, and multi-
factor productivity can be measured net of the effects of
changing work force composition,

In contrast, previous work defined labor input as the sum
of all hours of all workers. This can also be viewed as a
weighted Tabor input where the weights for all types of labor
are identical, Identical weights imply that all workers conirib-
ule equally to production and differences between workers do
not matter. Therefore, previous measures of laber input did
not reflect the skill distdbution of the work force, and a3 a re-

This resull foflows under the 2ssumption that firms face production fusc-
tinne characterized by constant returns o scale and conpetitive fnpust and
peoduct markets, 1 is also sssumed thet firms maxinize heir profits by ex-
actly equatfng a worker's hourly comtribution to his or hee boutly compenss-
tiom, Ses wppendix A for funber discission of this ot dod for kow devi-
aliong from competition may affect the relatidnstip between a worker's
wape end contribution 1o curput,

B The wark of Gary Becker, Human Capitat, Columbia University Press,
(Mew York, NY, 1964) and Tscob Mincer, Schooling, Experience and Earn-
ings, Colapbia Universiny Press, (Mew York, WY, 19730 lias spawned ilemal-
Iy hundreds il not trousands of studies on why and how iouch edoestion and
experience aflect samings.

T A Tomayis index 1 ussd 16 comrbine the growth futes of the hoors of
each type of worker 6l a composite growih rate of labor inpot. A Torngvist
index effectively weights the growth rate of the lours of each group of work-
ers By their <hare of lakor compensation, Further dfscossion of Tomevist in-
dexes con be found in appendix A,

sult, productivity included the effect of changing work force
composition,

OF primary mterest are messures of labor composition.
Thi change in labor composition 18 defined as the difference
between the growth rate of the weighted labor input and the
grovwth rale of total hours. Increases in labor composition rep-
resent a rising averape level of worker skills as measured by
education and work experience for each sex. By separating
the growth of labor input mio two components, total hours
and labor composilion, the contribution of the changing lev-
els of educational attainment and work experience to produc-
tvaty and cconomic growth can be analyzed, The contribu-
tion of labor composition 1o output and labor productvity ig
the product of its growth rate and lahor’s share of total costs,

Data sources
This study draws on a wealth of data sources. The hours of

warkers are collected from the annual demographic file of the
Current Population Survey for the period 1968 to 1990 and
from the decennial censuses of 1950 and 1960. Using these
and additional data sources, a matnix of hours is constructed
for each year from 1948 to 1990, Initially the matrix is cross-
classified by 7 levels of education and 72 age levels for men.
A more detailed matrix for women includes the same educa-
tion and age proupsas well as twocategones for marital staies
and four categories for number of children.

A matched sample of the 1973 Current Population Survey,
Sacial Security work histaries, and Intemnal Revenue Service
records makes il possible o estimale work experience for
each group of workers based on their demopraphic character-
1stics. The matrix of hours can then be collapsed into 7 educa-
tion and 72 work cxperience levels for each sex.

Hourly wage rates for each category of hours are also
constructed annually based on the decennial censuses and
Current Fopulation Surveys. The effects of education and
work experience on e hourly wage rate of a sample of sur-
vey respondents 14 cconometnonlly estimated. Separate esti-
males are made for each year The estimated parametess are
used 1o develop measures of hourly earnings for each of 1LODE
types of workers and to aid in examining the separate con-
tribotion of education and wark expenence 1o productivity
growth,

Econometrically estimated wage rales are quite common,
but their use in labor composition studies is rare.® A wage rate
for each type of worker could bave been based on the sample
average of the Current Population Survey. Changes in the
mean wage of a set of workers reflectchanpes in observed and
unobserved charucteristics. For example, the average wage
lar 2 sel of workers may change nol because the reward to
education or experience has changed but simply because the
proportion of part-lime workers has shifted. Other character-
istics of the work force could have been added to the study and
resulted in & broader measure of labor composition change,

8 Perhaps the only other stady i Steven Allen, “Unionized Coastriiction
Workers are More Froductive,” Quarterly Jonmal of Econemicy May 1984,
Pp. 251-274.



but the sources of labor composition change would have been
less clear. Consistent with this more narrow measure of labor
composition 15 an econometrically estimated wage model
which permits eamnings differences atising from education
and work experience to be isolated from other sources of eam-
ings differentials.

The use of work expenence rather than age or years since
leaving school 15 an important contribution of this smdy. Re-
search by Mincer, Becker, and others indicates that the appar-
entearnings variation by age largely reflects differences in the
amount of oo-thejob training. Training relates more closely
to work expenience than to age, thus work expenénce i5a
more ppropriate dimension for identifying differences be-
tween workers, More to the point, the distibution of hours
{and to some extent hourly compensation) by work expen-
ence differs from the distribution by age, so classification by
work experience will affect the measures of labor input and
COMpPOosiion.

Although using the matched sample to estimate work ex-
perience strengthens the conceptual basis of this study, only a
single matched sample is available. Rising labor force partici-
pation of women, changing incentives to retire, and defayed
entry of youth into the work force due 1o longer periods of
schooling may alter the rate at which workers gain work expe-
rence over me. An expenence medel estimated at a single
point in time may fail to capture these significant changes.
Thiz possibility 13 examined in Appendix F, and the labor
composition measures are found to be largely unaffected by
the use of a single ¢xperience model.

Summary of findings

Table 1 presents trends in two important charactenistes of
the work force over the last 40 years. A steady and persistent
increase in the average level of educational attainment is the
dominant trend in the work force. Educational atizinment in-
creased for both men and women, and for both the increase
was al least 3 years. The level of work expenence rose be-
tween 1948 and 1958 and then proceeded (o dechne in an
uregular and modest fashion until about 1979, Since then, the
Tevel of work experence for men has remained more or less
constant, while the work experience of women has increased
about half a year. For the eatire period of this study, the de-
chine for men was grester than for women, The level of work
experience is estimated 1o decling 1 year for men and negligi-
hly for women.

The effecis of these two trends in educational attainment
and work experience (as well as trends in the relative com-
pensation of workers) are combined to develop the Tomqvist
index of labor input presented in table 2. For private business,
weighted laborinput grew at anannnal average mteof 1.3 per-
centbetween 1948 and 1990. Because hours worked grew 1.0
percent annuzlly over the same perod, the index of labor
composition grew 0.3 pereent annually, To measure the con-
tribution to productivity growth, labor composition changes
are weighted by labor’s share of total costs (about two-thirds),

Table 1. Average years of completed schooling and experlence
of working men and women In private business’, 1948-s0

v Education Experience
i L= Womean Men Women
)7 | e, 8.3 og 18.8 12.4
b 12 L2 B i 9.2 10.2 18.0 125
VBB & s st v v 9.2 0.2 181 12.5
L PR Py 9.3 10.1 19.3 12.7
TEER . cricaiiaan 94 1014 194 128
g (7o SN v 8.5 10.2 19.8 13.0
w |2':* (e 87 10.2 188 131
THEE & vwaminams sa n 3.8 10.3 18.7 133
TR on i 5.9 104 19.8 3.5
TEOE e e i i ] 10.5 19.8 13.6
YO . e acin s g 101 10.5 188 1a.7
12 . SR Sl 10.3 10.6 19.8 137
TEE0: ol it 2ls 0.2 10.5 19.8 134
TEGT S iniisn) ety 10.4 107 188 13.6
c Lo, 71 | 106 10:8 19.8 13.5
T s el ARG 10.8 198 136
TEREHE &t s et e 10.8 10.2 19.7 136
THEE L died e ok ib 10.8 108 19.6 13.6
1866..... i o 10.8 1.0 18.6 134
THET .o onsmsnsarsa 1a 1.0 19.6 13.2
Lo R | 1.2 12 18.6 131
VB v 11.4 1148 185 13.0
D g resad: ¥ 11.6 19.4 131
L v 11.6 115 19.2 12.8
E L = S R N 1 [F . 1.6 18.7 125
p | Pt S M ) .- 11.8 18.4 12.3
1974 csisgn g a5l 121 1.8 185 122
b LT T R e, 12 120 18.4 120
;| LT - R . 122 120 1B.1 1.8
YT e ool 128 121 18.0 11.B
F 1 it R 124 122 i7.8 1.8
b i IR PR 124 123 1756 1.6
B0 L 125 j2.4 7.6 n.r
o7 7 5 [P Y, 1286 125 17.6 1.6
i |, R, 128 128 177 .7
THBA .o a 12.9 2.7 17.6 1.7
1O .. vima- i 128 128 7.6 .7
-, - PR e W |- - 128 175 1.7
LT PR 129 128 17.6 i Y
THET sespuie basal 30 izg 7.5 11.8
T s e ety 13.0 125 7.6 12.0
T oo n L st b 13.0 13.0 1.7 12.0
TR e nvisis Ty 13.0 13.0 17.8 121

1 Averages ere calculaled by weighting educational atiainment or
work expenence by the hours of workers.

Sothe ().3-percentage-point growth rate of labor composition
implies that changes in the education and experience of the
work force contributed approximately 02 percentage point to
the 2.3-percent annual growth rate of labor productivity, (See
table 23 of chapler IIL)? In other words, changes in the skill

? Labor and muhifactor productivity measmres presented in this hulletin
ares based on the August 1991 press relesse “Muoltifacior Productivity Mea-
sures, 19907 (USDL 91-412),. Cutput and capital measures do not reflect the
December 1991 comprehensive revisions o the National Income and Prod-
uct Accounts. The outpul and capital investment data BLS used to prepare
measures of capital inpul ane therefore aggregated using 1982 price weights.
The aggregates in the December 1991 revisions are prepared using 1987
price weights. Flours data include minor revisions subsequent to the August
1591 press melease,



Table 2. Average annual rates of growth of labor input, hours
afall pesirsnns, and labor composition, selecled periods,
1545-80

(Percent per year)
Hoirs
" Labar
Pariod Labor inpul al &l -
pu pErsOns compaosition
Private business
fERE-D0, ..., 13 1.0 03
1848-73 .. 1o vna a3 & |
193290000 ..n 1.9 1.E a
197379 . ... 1.7 1.7 0
187980 ... 2.0 1.5 5
Private nonfarm
business
1048-90 ..., 000 1.7 1.4 03
1948-73 .. ..... 1.4 12 2
187390 o .ana 21 1.7 3
1897379 . ... 1.8 1.8 0
TEFeB0 L, 22 1.7 5

Mote: Growth rates ol hours and [abor compaesifion may not sum to
the growth rate of labor input due to rounding.
1 Laber input and Izbar composition are Torngvist indexes.

level of the work force account for abour 9 percent of the
grawih in output per hour vince 1948,

The growth of labor composition in private business has
proceeded at an irregular pace oyer the last 40 vears (table 2).
Prior to 1973, labor composition grew (1.3 percent annually.
From 1973 to 1979, labor composition remained unchanged.
A slower growth rate for labor productivity was recorded for
the 1973-79 period, but the slower labor composition growth
ratecan only explain a small fraction of the decline in this rate,
(See table 23 in chapter L) Between 1979 and 1990, labor
composition grew (.5 percent annually. Labor productivity
continued to make small advances after 1979, Without the
faster labor composition growth of this period, Iabor produc-
tivity would have posted even smaller gains than in the
1973-79 perioad.

The trends in labor input for private nonfarm business are
very similar to those for private business (tahle 2). The Tor-
ngvistindex of labor input grew 1.7 percent annually between
1848 and 1990. The growth rate of labor composition was 0.3
percent, the same as i private business. Labor composition
growth contributed 0.2 percentage point to the 1.9-percent
annual growth rate of ontput per hour over the period. (See
table 24 in chapler IT),

The annual average growth rate of labor composition in
private nonfarm business declined from 0.2 percent during
the period 1948-73 to 0.0 percent between 1973 and 1979,

Again, the declining growth rate of labor composibion ex-
plains only a small fraction of the labor productivity slow-
down. After 1979;1abor composition grew at ils fastestrate of
the postwar penod, 0.5 percent. Labor productivity would
have increased more slowly after 1979 compared to the
1973-79 period if not for the rapid gains in labor composition.

Organization of the bulletin
The remamder of this bulletin is divided into chaplers 10

and TT1 and appendixes, A through H. Chapter [T presents the
labor composiion measures developed for this study,
Changes in the educational atlainment, age distibution, and
level of work experience in the work force are examined. The
effects of these shifts are incorporated into new measures of
labor inputand labor composition. Chapter Tl examines labor
and multifactor produclivity growth in the ULS. private busi-
ness and private nonfarm business sectors from 1948 to 1990
and the factors contributing to it, especially labor composi-
uon growth,

Appendix A presents the basic economic model for mea-
suring productivity and the contribution of labar composition
to productivity growth. Choosing the appropriate set of work-
er characteristics for measuring labor composition is dis-
cussed. These traits are then related to earnings to vield a pric-
ing function for labor services (wage equation). The growth
aecounting model used for productivity analysis is expanded
to include changes in labor composition. Appendix B de-
scribes some of the empirical tests of wage equations that
were performed wsing the MNational Longitudinal Survey
(NLS). These tests were conducted to determine the effects of
certain work force characteristics on estimated wage equa-
tions, Appendix C discusses the derivation and estimation of
the experience equation developed for this study. Appendix D
deseribes the denivation of the annual hours matrices which
are cross-Classilied by education and experience [or each sex.
Appendix E deseribes in detail the estimation and derivation
of the earnings function used to derive weights for each type
ol worker hours. Estimated parameters for the effects of
education and experience on eamings are presented, and the
telative earnings of workers are examined, Appendix F ana-
Iyzes the sensitivity of the measures of labor composition to a
number of the assumptions and choices made in specifyving
the labor composition model. Appendix G compares the mea-
sures presented in this study with measures produced by other
researchers. Finally, appendix H attempts to separate the ef-
fects of education from work experience. Conditions for an
exact decomposition are presented. An exact decomposition
ishighly improbable, and the separate effects presented in this
appendix must be regarded as estimates.



Chapter Il. Labor Input and Labor

Composition Growth, 1948-90

This chapter presents measures of labar input allowing for
a world populated with workers of varying skills, The chapter
beging by examining why workers differin their level of skill.
A method of measuring the flow of labor services provided by
each kind of worker is then developed. In addition, two im-
portant differences among workers, education and work ex-
penence, zre explored (urther, Trends inthe work force arere-
viewed inclnding edocational attainment and work experi-
enee.

This chapter goes on to describe a model of labor mput
measurement with diverse or heterogeneous workers, This
model is based on the necelaszical theory of the firm and re-
ligs on human capital theory toidentify sources of worker het-
erogeneity. Labor input growth is then divided hetween the
growth in total labor hours and labor composition. Labor
composition gauges how chunges in the educational attain-
ment and work experience of the labor force affect measures
of labor input. A discussion of the concept of labor composi-
tion follows, MNext, the BLS methodology is brefly dis-
cussed; a complete description appearsinappendizes A, C, D,
and E. Fivally, Iabor input and labor composition measures
for the period 1948-90 are presented,

Chapter I places labor composition within a productivity
framework and examines how changes in labor composition
have affected productivity and economic growih.

Heterogeneous labor
Labor productivity measures have traditionally defined Ia-

bor input as the sum of all hours worked by employees, pro-
prietors, and unpaid warkers. As aresult, an hour worked by a
highly experienced surgeon znd an hour worked by a newly
hired teenager at a fast lood restaurant are treated as equal
amounts of labor. It does not matter who was actually working
or what kinds of jobs workers held. All workers are treated as
of they are identical.

[n this study, workers are treated as heterogeneons 1 Differ-
ences in skills imply that diffevent types of workers provide
different amounts of labor services. Instead of adding togeth-
er the hours of all workers, the hours of each type of worker
are considered a separate input. Aggregate labor input is mea-

| Previous studies of this issue lnelide D. Jorgensan, 7 Gollop, and B,
Fravmeni. Prodhcrivity and U8, Ecancmic Growfr, Hurvard University
Press (Cambrdge, MA., 1987Y; Bdward Denisen, Trends in American Eco-
rarmic Groweh, 1920-83, Brookings Tnstiution (Washingion, DC, 1985}, and
Peter Clunlay, “Sources of Quality Change in Labor Inpot,™ American Eco-
aeterie Review, March 1980, pp. 1081159

sured by combining the flows of services provided by each.
type of labor The flow of services for any wype of labor, m
tum, depends on the number of hours and the leve] of skalls of
the workers.

The conceptof labor services comes from the theory of the
firm. Labor services are measured by the value of the margin-
al product of labor. The value of the marginal product of each
type of [abor is defined as the extra value of outpul produced
by an additional wnit (hour) of that type of labor holding all
other inputs constant. That is, the value of the marginal prod-
uct for each type of worker measures the value produced in an
additional hour of work.

In the real world, it is extremely difficult if not impossible
to observe directly the marginal products of individual work-
ers. In a perfectly competitive economy, however, inputs are
paid the values of their marginal produocts. Therefore, the rela-
tive service flows can be estimated from the hourly wage rates
of each kind of worker.

Because it is impractical to distingnish between workers
based on every observable eamings difference, human capital
theory is used as an organizing principle to help distinguish
between labor inputs. Articles in the human capital literature
as well as the hedonic wage lilerature have consistently
shown that earnings differ by education and work experience.
Hence, wage differentials due to education and work experi-
ence, for each sex, are used in the construction of labor input
measures.

Human capital theory. Homan capital theory explains differ-
ences in the level of skills across the work force. This theory
formalizes (he intuitive notion that werkers improve or learn
new skills throngh eduestion and job training? These leam-
ingachvities are an investment becanse workers sacrifice cur
rent earnings for higher wages in the futmre. The set of skills
acquired through edoeation and training makes up the work-
er's stock of humsan capital.

Under mosi circumstances, firms will also invest o train
their employees, Most company training is informal, howev-
er; and most companies do not prepare data on the fraining in-
vestments they make in their workers. Consequently, practi-
cal considerations prevent one from distinguishing between
workers based on training investments, Related research has
demonstrated that the amount of training can relate to the ley-

£ Gary Becker, Himan Capital, Columbia Eniversaty Press, (New York
1974},



&l of a worker's job experience.? In this study, hours of labor
are classified by education and work experience for ¢ach sex
to measure the flow of labor services. For a more thorough
dizcussion of the human capital model and its usefulness in
measuring labor input, see appendix A.

Trends in employment and average weekly hours
Change in labor tnput dépends on the change in employ-

ment, changein the length of the workweek, and change n the
education and expenence distributions of the work force, The
Bureau's measures of total hours incorporate the results of the
Hours At Work survey, As a result, the concept of total hours
has been converted from an hours paid hasis to hours at work,
The hours of paid leave sre now excluded from the measures
of Inbor.

Chart 1 shows that the hours at work of all persons in pri-
vate business have grown at an uneven pace over the last 42
years. Begides the ohvious fluctuations in tetal hours with the
business cycle, after 1973 hours grew more than twice as fast
as in the earlier period. Prior to 1973, hours of all persans in-
creased at an average annual rate of (L6 percent but grew 1.6
percent annually thereafter. The faster growth rate in total
hours in the later period is almost completely doe to an in-
ctease in the growth rate in employment from 1.1 percent to
2.0 percent. The average workweek declined at about the
same rate in both perjods: 0.5 percent in 1948-73 and 0.4 per-
centin 1973-90.

Total hours at work in the 1.5, private business sector grew
by 31 percent between 1948 and 1990, As indicated in table 3,
the sonrces of this growth come from two opposing trends,
Employmentincreased nearly 83 percent over the period, and
the average workweek declined from 40,9 to 33.9 hours or 17
percent.t

Employment growth bas been concentrated primarily in
the nongoods-producing industries, This sector, which in-
clodes services, transporistion, communications, utilities,
wholesale and retail trade, finance, insurance, and real estate,
accounted for 97 percent of the increase in total employment
{table 4). The growth of nongoods-producing employees has
been the predomimant source of employment growth since
1948, Employees in this sector accounted for 91 percent of
total employment growth, while proprietors and unpaid fami-
1y warkers accounted for only 6 percent. The goods-produc-
ing industries of agriculture, mining, constniction, and
manufacturing have contributed only 3 percent of the increase
in total employment since 1948 and essentially none after
1973 {table 5). The number of employees in the goods-pro-
ducing industries increased modestly between 1948 and 1990
and accounted for 13 percent of the increase in total employ-
ment. In contrast, the number of proprietors and unpaid fami-
Iy wirkers in goods-producing industries declined over the
period to less than half the 1948 level,

3 Facoh Mincer, Schogpling, Experience and Earmmgs, Columbis LiGversi-
1y Press, [New York, 1974).

#The average workweek is un average over ll-time and part-time work-
=rs and i3 measiied in hours stwork rather than hours paid,

Table 3, Hours, employment, and averags weekly hours in
private business, 1948-9507

Year hows | Employment | aarermge
1848 . v iaie 1087 51.5 40,2
g 20 | 1059 ED.3 40,5
|11 ) R e . 1069 B0.8 405
U2 o e 1068.9 523 40,4
1882 A 108.8 2B 40,2
EEES e 10,8 534 39.0
L T R, 107.0 52.0 39.5
1855 4 £L 1109 BB 398
F oL 126 548 ag.5
L |27 e e e 1108 54,7 39.0
LS R 1055 52.5 387
1868 ... 108.6 54.1 389
1660 ... X 109.6 544 38.8
il 7 g M Rt 107.8 B3H 38.6
-, - M, 108.5 54.4 anT
TEES ot e s 110.0 54.8 38.6
TR i imempeaies 111.7 558 2B.5
1965 3 . HE2 574 a8 6
ABER e 1175 59,9 384
|2 o R H7.5 59.9 ar.7
ufr s B 1181 B1.1 7.5
19689 i 121.9 B3.1 arsa
10780 i s iawswe 1145 E2.B 38.6
107 s cveynincs 1182 B2.8B 36.4
1972 . _ .. 122.89 65.0 36.4
1973 . caens i 1873 67.7 ag.2
|7 TRy e M 1273 BH.7 35.8
n £ L T 121.8 BE6.6 35.2
p =y s (e (SR ¥ 1254 BO.G 2351
1977 ... i 130.3 T1.5 E55.0
1878..... 4 136.7 T4 349
AT e s v i w o s ped 141.0 TB.2 347
1980 | L 1388 TE4 342
Rt e 140.6 7.2 341
|- - N 137.0 7r.8 a3g
1883 .. L 139.5 TB.6 34.1
JOEAE . e 147.5 B2 4.3
1085 v i 1606 B4.B 34.2
AREB . is s bian 1561.6 852 3.8
1987 ... bdzi 1866.3 Ba.8 339
1988 _ . . 161.5 813 340
ABEY st iina s 16857 g3.4 344
| R L P 1658.6 94,0 338

1 Excludes govermmant entarprises,

NOTE: Total hours are expressed in'billions of hours worked. Em-
ployment Is expressed in millions of persons. Average weskly hours
are expressed in hours worked per worker per week.

The average workweek in both sectors decreased over the
period. Tn the nongoods-producing sector, the workweek fell
sharply from 40.3 hours in 1948 to 32.3 hours in 1990, The
workweek in the goods-producing sector declined moderste-
ly from 41.4 hours in 1948 to 37.9 hours in 1990. Even this
small decrease in the workweek of the goods-producing sec-
tor was enough toreduce total hours beiween 1948 and 1290,
Consequently, the growth of hours at work in private busi-
ness has been entirely confined to the nongoods-producing
sector [chart 2).



Chart 1. Indexes of total hours, employment, and
average weekly hours in private business,

1948-90
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Chart 2. Sources of hours growth in private
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Table 4. Hours, employment, and averege weakly hours in
nongoods-producing Industries, 1946-90

Tabla 5. Hours, employment, and average weekly hours in
goods-producing industries, 1948-20

Employmant! Employmant!
Average 1 Average
e rotall |y | Employ- ““’FJ: weely  Year youl | Ay |Employ- Otmer® | ‘waakly
BES amplay- [ hours EEE amphoy= ours
WoRam anly e o only mient
b LEE - 51.55 24.57 10.74 4.83 40,3 2 60.07 27.87 20.43 7.44 41,4
1648 e 51.11 24.48 19.61 487 | 4bD2 1848, : 56,86 | 2676 18.33 743 40,8
85D g ey m13 24.63 19.86 477 3949 1850 . - | 5T.BS 2718 2017 7.0 41.0
j L7 e 5224 25.24 2063 4.81 398 59.86 2810 21.561 6.52 410
TEER 4 ke i 52.EB 25,64 2147 4,47 385 59.45 28.01 21.61 G.40 40.8
b D 5335 | 2612 | 2156 | 456 | 39.3 5969 | 2833 | 2234 | 550 | a0s
o 5333 26.13 21.48 485 | 382 55,99 | 26.85 21.00 595 | 40.0
1855 - 52 f4 B4 26.82 22.08 4.73 383 58.52 2792 22.00 522 40.3
TESB . e b 56.16 2758 2276 4,82 392 GH.BS 2B.37 29 57 580 300
188F. 56.34 27,95 22.5985 4.99 38.8 56.90 27.80 22.42 5.48 9.2
1958, .. i 55.40 27.58 22.56 5.03 386 5261 2607 20,83 514 ap 8
1850 - L 57.01 28.35 23.24 51 3B.7 55.11 26 .96 21.84 512 383
1860 . ;... 57.81 28,84 23.E4 5.20 36.6 54.33 £6.80 21.97 4,83 39.0
1561 ... i 57.B3 23.02 23.74 528 383 52 62 26.01 21,30 4,71 289
TEE2 . inven .| 5848 28,38 24.25 5.14 38.3 5371 26.35 21.81 4.54 38,7
19683 . vvnaiens 58.03 2078 2475 B.04 a8 E374 | 2R30 o902 428 aga
1964 ... 60.45 3063 2548 .14 | 380 54.05 | 2648 2.3 417 aga
T8 . i i 62.01 31,68 26,44 511 37.8 RE. 1D 27.23 23.18 407 24.6
g f 2 N 63.14 32.51 27.48 502 373 57.60 28.00 24.24 376 359.6
VEET s iina 83.60 33.30 2845 485 | 367 56,80 28.04 2445 358 8.0
1968 .. .0-cus Gad B 34.23 29.45 477 36.4 57.24 28.28 o4 81 A57 | 288
1960 . ¥ BT.07 35.72 30.79 4.93 36.1 E7.83 28.86 2837 3.49 38.6
1970.. 67.B6 36.58 31.70 4.BE aa.7 54.89 2T.B8 24.53 335 ar.e
it |7 o e EB.E4 a7.30 3228 5.02 35.4 5358 27.18 23.89 327 274
BT dysbirst s 7042 | 38.53 33.47 5.06 as.4 55,66 28.01 24.70 231 zE2
AT vl i T2.558 39.99 .0 5.09 34.9 58.02 29.28 2585 333 381
ABTE o o T2.53 41.09 35.88 520 34.4 &7.16 285.28 25.84 3.34 a7.5
1875 . cviinnin 7332 41.36 3610 5.26 34.1 5204 | 2883 23.68 324 7.2
JEIG i 702 d2.68 3745 5.23 338 53.84 27.64 2d4.45 318 = k-
JHEE e i v TT.ED 44,60 39.10 5.50 33.5 E6.00 28.68 2544 322 376
TOTH v et 81.58 47.02 41,37 565 33.3 EA.B9 an.11 26.74 337 276
1979 . i B4 38 A49.08 43.18 L P 331 B0.32 30.94 2753 341 375
{12721 1 IR 8529 5005 44.02 6.03 328 EB.10 40,16 75,69 247 ar.n
1981 e 86.56 51.07 4484 613 326 &7.74 28.97 26.56 341 37.0
19820 cciess a7.27 51,45 45,05 6.39 2.5 53.48 2820 24 B8 8352 | 365
1983..... B9.5R-| 5268 48.04 B.62 32.7 5374 2781 24.54 327 372
1884 ... ... 84,37 55.38 48.64 6.74 328 B7AT 29,15 2589 386 | 7T
;" | LR ey a7.60 5763 B0.94 G.69 326 57.14 29.15 2587 318 ar.y
1884 .. N 88.58 E9.46 E2 BRI G.54 32.2 56,37 28.85 25,62 3.23 376
1887 .. - | 103.86 61.74 54.73 7.1 324 56.70 28.66 25.81 316 3r7
BB s o i 107.09 Gd.04 B6.80 T.24 32.2 58.32 20.44 2623 3.21 384
18689 .. i 11086 G592 BB.56 T.86 323 KA.59 Pa.88 26.37 320 381
1980... « | 11298 8713 5988 745 | 323 5767 | 2820 2601 319 ara

! Includes govemment enteprises.

2 Proprietors end unpaid family workers,

MOTE: Total hours are expressed in billions of hours worked. Em-
ploymenl is expressed in millions of persons. Averags weekly hours
are expressed in hours per workar per week,

Trends in educational attainment
The educational aitainment of men and women in the wark

foree has increased greatly over the last 42 years. Tables 6 and
7 indicate that the proportion of hours worked by high school
praduates rose substantially over the period. (In this study, the
measures of educational attainment are based on the distribu-

1 Includes govemment enterprizes.

# Proprietors and unpaid family workers.

NOTE: Tolal Rours are ex in billions of hours worked. Em-
ployment is expressed In milllons of parsons, Aversde weekly haurs
dre expressad jn hours per worker per week.

ton of hours rather than the distribution of employment or
the civilian labor force.) In addition, the portion of hours
worked by men with at least a college degree jumped from
6.0 to 25,2 percent of the male total over the period. Women
with at least a college degree showed equally spectacular
gaing with the proportion rising from less than 4 percent to



Tabla &, Diztribution of sl hours worked by men in the private
business sector by years of compleled schooling, 1948-30
(in percent)

Years of complated schoollng

Year

0-4 5-8 2-11 i2 1315 16 17+
1848 B.3 35.8 20.5 23.1 6.5 3.6 24
1949 9.3 | 360 | 485 | 214 7 40 27
1950 5.1 35.9 189.5 215 T2 4.1 27
1951 8.8 35.1 18.1 22.4 74 43 29
1852 B.5 34.4 18.8 23.3 7.6 4.4 30
1853 81 33.4 19.0 24.0 Fi 4.7 32
1954 78 32.4 12.1 247 7.7 4.5 34
1855 r 1.3 19.4 257 7.8 21 3.6
1956 B.7 30.3 19.6 26.5 7.9 53 az
1957 6.2 29.3 188 or3 7.4 55 3.8
1258 559 28.9 202 268 B.&5 55 4.0
1359 55 | 284 | 20.,7 | 2684 8.3 55 4.0
1260 52 27.B 21.3 26.1 0.1 5.6 4.1
1961 4.8 258 204 £8.2 10.2 6.5 4.2
1962 4.5 | 238 | 198 | 562 | me T3 4.3
1863 4.1 229 19.6 31.5 10.2 72 4.5
1564 ay 22.0 19.6 32.8 10.2 7.0 4.7
1965 38 | 211 193 | 3368 | 101 75 4.5
1866 a4 204 19.5 344 10.2 7.8 4.4
1867 2.8 18,6 188 353 119 7.6 L7 |
1268 27 17.8 187 35.8 122 Tl 50
1869 25 17.0 177 36.4 12.8 B2 54
1870 24 187 168 372 13.5 BB B.7
1871 2.3 14.8 17.2 372 13.8 B.B 5.8
1978 24 | 1258 | 163 | 388 | 148 a1 5.0
1873 21 124 15.7 386 182 o5 6.5
1974 1.7 10.7 14.9 36.7 16.0 10.9 72
1875 18 108 [ 143 | 388 (189 | 107 7.0
1876 1.7 101 150 38.5 16.4 109 T
14977 1.7 97 | 1456 | 364 | 174 | 108 7.5
1878 1.5 B 13.68 39.0 18.1 1.1 7.8
1878 1.4 BS 13.7 | 38.0 17.8 s 8.1
1280 1.4 7.8 131 385 178 121 a3
1881 1.3 7.3 12.6 39.6 17.6 125 9.2
15982 13 g5 1T 386 18.0 12.8 10.2
1883 1.0 6.4 10.8 382 18.4 128 101
1984 1.1 6.2 1.0 i e d 187 141 98
1865 1.1 58 10.2 359.3 18.2 14.5 a5
1586 1.0 EB 10.7 38.9 183 14.5 10.0
1987 11 51 10.6 39.3 18.8 14.8 10.2
1988 12 5.1 10.2 38.8 18.5 14.8 10.5
1885 1.3 4.3 10.0 387 19.9 151 109
1980 18 | 45 | 87 |2390 |202 | 151 | 104

MOTE; Total may not sum to 1000 dus to roundlng.

more than 20 percent.

The educational attainment of men and women differs in
one important respect. Women in the work force are more
likely to complete high school but less likely to continue o to
college. In 1948, men without a high school diploma worked
64,4 percent of men's hours, bul women without a high school
diploma accounted for 53.1 percent of women's hours, Men
with at least some college provided 12.5 percent of all men’s
iours, and comparable women supphed just 10.6 percent of
women's hours. Even after 42 years of rising educational at-
tainment, the same pattern remains. For men, 15.5 percent of
hours were worked by those without a high school diploma,

1

Table 7. Distribution of all hours worked by women in the
private business sector by years of compleled schooling,
1946-20

{In percent)
Years of completed schooling

Year

-4 5-8 2-11 12 1315 16 17+
1848 48 | 235 | 188 | 363 GEe 25 13
1548 45 | 254 | 205 | 355 52 32 1.6
1550 4.5 254 203 | 357 92 a2 16
1851 4.5 2548 201 364 84 az 1.8
1852 4.6 26.2 19.8, | 370 1.6 3.2 1.6
1653 43 | 255 | 199 | 370 o 3.2 16
1954 4.1 2457 18.8 | 388 7.8 3.3 1.6
1855 3.7 24.1 18.8 38,6 7.8 3.3 1.6
1856 34 | 234 | 198 | 404 7.8 34 16
1857 &1 2.5 18.8 41.3 B.O 3.5 1.7
1858 3.0 223 206 | 402 B.B 3.4 1.6
10539 289 | 225 |27 | 387 a5 32 15
1860 27 | 217 | 222 | 380 | 108 33 1.5
18961 25 | 205 |[208 | 403 | 105 4.1 12
1862 2.3 189 19.4 43.0 10.6 4.8 1.0
1863 22 | 185 | 194 | 442 | 104 4.4 1.2
1964 27 182 18.4 | 452 ar 4.0 1.4
1965 =0 17.4 19.2 45.2 8.7 4.2 1.6
1965 1.6 16.7 18.1 47.4 103 a5 15
1967 1.3 15,1 189 48.0 12.0 a5 14
18968 1.4 135 18.6 0.2 11.7 3.3 1.3
1969 1.1 12.4 17.7 | 606 123 4.1 1.7
1870 1 1.7 172 | 503 133 43 2.1
1871 12 1056 169 51.4 13.6 48 18
18972 1.1 95 16.0 B2.5 14.2 4.8 1.8
1973 1.0 8.9 18.5 508 15.8 56 22
1374 g 83 | 149 | 508 | 162 6.3 28
1975 B8 Tl 15.1 50.3 164 6.9 248
1876 3 7a 148 | 504 16.8 71 27
1977 | G.a 14.4 B0.2 17.6 7.3 238
1978 8 6.0 131 5.4 18.5 7.7 a4
1979 i & 124 50.2 18,7 8.6 3.6
1980 & 52 | 118 | 500 | 188 a9 a6
18981 i 4.8 "z 438 18.7 8.3 4.4
1982 B 4.4 104 48,7 206 0.4 4.9
18483 B 3.8 98 43.4 21.0 11.0 5.2
1984 B 37 a7 473 22.0 11.6 51
1985 8 34 a1 47.0 228 122 B2
1988 4 34 B9 46,7 22T 2.3 55
1987 iy 3 31 LR | 45.8 23.1 12.6 58
1988 i 2.8 9.0 45.7 22.F 132 5.9
1889 iC] 28 8.8 45.0 233 13.5 53
1880 T 27 8.4 443 23.5 14.1 &3

WOTE: Total may not sum to 100.0 due o roending.

but for women the corresponding percentage is only 11.8.
Men with at least some college supplied 45 4 percentof men’s
hours, and woinen with at least some college provided 43.9
percent of women's hours.

Table B indicates that the average educational attainment of
waomen in the work force has increased from less than 10 years
in 1948 to 13 years of completed schooling in 1990, The
educational artainment of men has nisen even more rapidly
over the same penod increasing from .3 years to 13.0 years of
completed schooling. The educational attainment of all work-
ers appears similar to the trend for men becanse men worked
miost of the hours in private business, especially early in the



Table B, Average years of compleled schooling of working men
and women in the private business sector!, 1946-90

Table 9. Mean age of civillan labor lorce aged 18 or older, by
sex, 1948-90

Year Men Women All workers
T8 e s et I a8 9.4
1948 ... .. 9.2 10.2 9.4
1860 ;.. 'y 92 10.2 9.9
Er ot e 2.3 184 9.5
1B o v e woein b 0.4 10.1 9.6
[ R 8.5 10.2 9.7
1954 . ... .. u.7 102 2.8
TSRS wen pynn ey 9.8 10.3 89
1856, o e 2.3 104 10.0
TEEI s i 10.0 i0.5 107
TOER ot s 10.1 105 102
1858 .. S 10.3 106 0.4
1960 . ... cvunns 102 10.5 10,3
TR sy man's 10.4 10.7 105
R 10.8 10.8 10.7
g1 AR 10.7 10.8 10.8
1964 . e 10.8 0.8 108
1865 .. n 10.8 109 10.8
1966 ..... f 10.9 1.0 1.0
g 2o 7 AP 11.0 11.0 1.0
J 1) O SRR 11.2 112 112
VBB Sl 1.4 114 11.4
b2 S e 11.5 1.5 5 E
11 J ) PR i 1.6 115 1.8
i g ol 11.8 1.6 ny
1873.. - 118 11.8 11.8
1994 et 121 1.2 121
TS s ips i 2 121 12.0 124
T s i 122 12.0 129
1978 ccv e 2.3 121 122
1908 i e 12.4 12.2 12.3
|17 NP 124 123 124
1980 n g2 20 12.5 124 125
108Y. . nea A 126 125 12.6
1B taiis 128 126 12.7
1983 . iiaa 12.9 12.7 12.8
1984 ., 1249 128 12.8
IEBE . s srazpas 129 12.8 129
1086 . c-ssepas] 129 12.4 129
| i g P 130 1289 12.8
FHBE , . v 13.0 12.3 13.0
2L L v 13.0 13.0 130
1980 iusceaiin 120 13.0 130

1 Averages are calculated by welghling educational attainment by
hours of workers.

period. For both men and women, the increase in educational
aftainment has been fairly steady over most of the period.

Trends in the age and work experience of the
work force

Thedeclining level of estimated work experience is a coun-
tervailing trend which has moderated the increase in the aver-
age level of skills and labor input. An important factor in-
fluencing the level of estimated work experience is the age
distribution of the work force. Table 9 shows a drop in the ay-
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Mean-age in years
i Women Men Al warkers
LT RN 36.6 40.0 32.0
- o RSN bl 40 8.4
1985.... 5 49.0 41.1 40.4
AQER o 286 408 40.5
L2 = DA Z9.8 407 40.4
. {2 ) RNl 239.5 a3 400
17 s A 364 39,7 48.2
TP viimiin o 36.8 381 376
1980 . =5 363 374 36.9
1985 i i 36.5 375 aran
18980, i ar4 ar.a ary

Source: Caloulated from data in Emolopmient and Earings, pub-
lished by the U.S. Department of Labor, Bursau of Labor Statistics,
January 1981 and earlier issues.

erage age of the civilian labor force of more than 1 year since
1948. The average age of the civilian labor force increased
from 1948 to 1958 but then declined over a prolonged period
which Jasted about two decades, Around 1980, the average
age began toincrease slightly once again. This general pattern
of movements in the average age is evident for both men and
womern, A salient difference between the two series is that the
mean age of women in the labor force was higherin 1920 than
in 1948, but the mean age of men in the labor force was con-
siderably lowerin 1990 than in 1948,

The primary force behind the decline in the average age of
the labor force was the entrance into the labor matket of mem-
bers of the baby boom generation (table 10), Prior to the en-
france of the baby boom generation, the baby bust of the de-
pression era was the primary influence on the age distribution
of the labor force. Between 1948 and 1960, the proportions of
the work force age 16-24 and age 25-34 decreased, while the
proportion of the work force over age 35 steadily incressed.
From 1260 10 1975, the percentage of the labor force in the
16-24 age group rose from 16.6 to 24.1. Table 10 also shows
that the aging of the baby boomers is the primary force behind
the rise in the average age of the American worker in the
1980"s. From 1980 to 1990, the proportion of the labor [orce
between the ages of 35 and 44 jumped from 19.1 10 252 per-
CEMNL

The average years of estimated work experience shown in
table 11 exhibit a pattern similar to the trends in the average



age of the labor force.5 (Again, the averages are based on the
distribution of hours and not employment.) The average num-
ber of years of eshmated work experience increased from
174 m 1948 10 18.4 in 1958, The average declined 1o 155
years in 1979; however, unlike the average age, the average
experience of all workers did not rise between 1980 and 1990.

Women have, on average, less work experience than men.
In 1948, men had 6.4 years more work experience than
women, but this gap had narrowed to 5.7 years by 19%), For
both men and women, the average years of work experience
inereased in the 1950's and peaked in 1958, The men's aver-
age fell gradually in the 1260's and more rapidly in the
1970°s; since 1979, it has varied litile, The average vears of
work experience for women also dropped in the 1960 and
1970°s, but it rose between 1980 and 1990, from 11.7 w0 12,1
years. The net effect of all these changes was that average
work experience was | year lower for men and negligibly
lower for women in 1990 than in 1948,

The next section describes a method for measuring changes
in the average skill level or composition of the work foree. La-
bior composition accounts not only for changes in the educa-
tional attainment and experience of the work force bot also for
changes in the relative value, based on prices paid, of the un-
derlying skalls,

Table 10. Percent distribution of civilian labor forcoaged 16 or
older. 1948-50

Age group

Waar

16-24 25-34 3544 4554 55+
1848 ;... 1851 2352 2210 18,00 16,87
1850 . .. 18.62 23.650 2243 18.40 1795
1855 ... 1501 2316 23.68 19.58 1818
1958 ... 1557 21.68 23.70 20.86 18.08
1860 .., .| 1658 20.66 23ar 2133 18,07
L, PR 18.03 1812 22,62 21,16 18.08
1810 21.56 20.58 19.86 20.48 17.52
1976 ... 24.12 24.538 18.03 1822 15.25
1980 ... 2366 2733 19.74 1581 14.06
1985 ., 2046 28.06 22.58 15.00 12.80
1886_....| 19:83 29.35 2an 15.05 12.66
1887 ... 18.16 289.38 23,74 1515 125
1988.....{ 1852 £9.18 24,19 16,70 12.40
1889 ... 17.87 28.98 24,70 16.08 12.37
189 .., . 17.03 28.69 25.52 16.42 12.34

Souroe: U.E. Depariment of Labor, Bureau of Labor Statistics, Emp-
Soyrment and Eamings, January 1881 and sarfier [ssuss.,

 The measures of work experience are derived from a function relating
work histories reparted to the Social Securily Admintstration Lo the ndividn-
il's age, education, marital status, children, and other traits, To the exient that
changes in labor force behavior can be modelled by changes in the underly-
ing characteristics of the work force, the function accurately estimates work
experience throughout the entire period. However, the work histories cover
the period 1937-73, and changes by cohort in labor farce participation, espe-
clally for women after 1973, may not be reflectad in the werk experience
meesures. See the section later in this chapter and appendix C for & descrip-
tion of the work experience estimates,

12

Table 11. Average number of years of estimated work
experience for all workers, and for men and women, in private
business, 1946-80

Yoar All workers hen Waomen
|- - 174 18,8 124
1949, T 7.5 18.0 1256
p o, | SRR 177 19.1 125
p 1t SRS iv.8 183 127
) |+, SR 178 19.4 128
1863 . oovianan 1B.1 186 130
1854 . ool 1843 18.8 131
18966.......... 18.2 187 133
1886 .. Lank ig.2 18.8 18.5
1857 4t 18.3 19.8 13.6
YOBEB . oo isess 184 19.9 | 3: P
1858 . £ 183 18.8 127
171 RS, 182 ig.a 154
T i e i 182 188 13.8
h |1 - - i 182 188 135
G 0 o0 R, 182 ig.8 i3.6
Teld 16.2 18.7 13.6
BB - iaer 189 18.6 135
1866 . ... P 1B.0 19.6 13.4
TERT Loaiaiiies 17.8 196 13.2
1968 . . ovve e 17.8 19.6 131
p 177 RO 17.r 195 13.0
10 spcsnnas 17.6 19.4 1343
[ Fy R 17.4 18.2 12,8
£ £ o SR 17.0 8.7 125
1973 . S 166 168.4 12.3
12 166 1856 122
11 N 16.4 168.4 iz.n
1876 . ; 161 18.1 1.8
VT o Launioun 16.0 8.0 118
18T, o rva s § 15.8 7.8 1B
1879 . ; 155 175 1.6
19BO . ciusans 155 i7.6 1y
108 s casgeiay. 155 17.6 11.6
OB e riag 55 17.7 1.7
p -7 LT 155 17.6 ny
1984 ..., 15.4 176 1.7
11 N e 154 17.5 1.7
1986 . i 154 17.6 N7
1987 . m ) 153 175 118
1968, . \ 15.4 176 120
1889, ..cinnnii 15.5 177 120
TR, i 16.68 172 121

Labor Input measurement
This study introduces a more refined measure of labor in-

put. Previously, the moltifactor productivity measures for pri-
vate business and private nonfarm business published by the
Bureau of Labor Statistics measured labor input as the sumofl
total hours of all werkers, Changes in labor composition are
not captured by a measure of total hours because such a mea-
suredoes not account for differences among workers. Instead,
changes in labor composition show up in the measures of pro-
ductivity change.

In this bulletin, the differences among workers are explicit-
ly recognized and taken into aceount. Equation 1 is a short-
hand descrption of how the hours of different types of work-
ers are aggregated into a single measurs of labor input.



(1) L=gthy bz s v bed

In equation 1, the aggregate measure of labor mput, L, com-
bines the hours of each of the n types of labar, h; through h, 5
Uinder certain assumptions regarding the function in equation
1, the growth rate of Tahor input can be measored using s Tor-
ngvist index.” The Tomgvist index agpregates the changes in
the hours of different types of workers, in the following man-
TEr:

(2) In(Ly/ Lya) = Zi (85,0 + 55, a2Nnhy, o/ By, ),
=2 Wit I“{hi f hi, L),

where In is the natural logarithm, Vis a piven year, t-1 18 the pre-
vious year, and s, is the percentage change in L indueed by s
I-percent changein by ;. Asexplained in appendix A, s; equals
the fraction (or share) of labor compensation that is paid to
group i, under conditions of competitive markets. The weight
Wi is the average of 5, and 53,12 the weights sum to one.

Computation of labor composition growth

Labor composition growth shows the contribution to labor
mput of changes in the educstion and experience of the work
force. The prowth rate of labor composition, C, is defined as
the difference between the growth rate of the Torngvist index
aflabor input, L, and the growth rate of total hours, H. Using a
lowercase boldface letter, x. for the growthrate of any variable
&, the growth rate of Iabor composition can be expressed as:8
(3) e=1-h

The growth rate of labor composition, e, 15 thus the differ-
ence between the growth rare of labor input, 1, and the growth
rate of total hours (h).

Rearranging terms in equation 3 yields un expression for
the growth rate of labor input:

{4 I=h+e.

Thig equation points out that the growth of Tabor input is the
combination of the growth of unadjusted hours and the
growth of the composition of the work force. This implies that
a l-percent increase in labor composition has the same effect
on the growth rate of lahor input us a T-percent increase in to-
tal hours,

* For a aggregate measure of Inbor input to exist, the production fonetion
wilrst be separable, See chupier I for 3 discigsion of the production function
used in this stidy.

Tt 5 assumed diat gfhy by . B isa tranzlog aggregator function
which is homogenesus of the Arstdegree. & ranslos functinn is 8 very gener-
al form, providing a second-srder approximation (0-5nY continoogs, trice
difierentiable function. The Tomgvist index in equation 2 15 an exact index
for the wanslog fanction. See W.E. Dicwen, “Exact and Superlative Index
Numbers,” Joumal of Ecohometrics, May 1976, pp. 115-145,

& This nptation is used for simplicity: The growth rates should not be fnter-
preted as imstantaneois growlh cates but rather as the rate of grovwth overan
interyval of time stich as a year. Specifically, the nensires in this study wse the
following definition of labor composition change:

Iy ) = Tn(Leia) - InCFH,, 1)

Far small changes, this equation s practically jdentical 1o equation 3.
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Increases in labor composition result when labor input
grows faster than total hours, The quantity of labor services
per hour is increasing whenever1-h > 0. Increase in the quan-
tity of services per houris equivalent to an increase in the mar-
ginal product of labor of the average worker provided that the
Tevel of technology, all other inputs, and the quality of educa-
tionand training are held fixed. More intuitively, the margmal
product of labor of the average worker generally rises when
the distribution of the work force changes so as to increase the
average level of education or work expenience,

Az i the example in chapter 1, imagine replacing some of
the inexpenienced teenagers with an equal number of experi-
enced surgeons. Experienced doctors have a higher marginal
product than inexperienced teenagers (holding all else
constant), therefore, the average skill level and marginal
product of the work force will rise. The measures of labor
composition reflect this rise becanse increases in the hours of
higher paid workers such as doctors are weighted more heavi-
Iy than lower paid workers. Weighted labor input increases
while tatal hours of the work force remain unchanged, 2nd so
labor composition will increase.

For the measures of labor composition in this study, two
sourees of workers' skills are considered: edncation and work
experience. Workers' skills may well vary with other charac-
teristics, such as occupation and industry, but they are notin-
cloded here, For brevity, the term “skills” will refer here to the
combined effect on a worker's abilities of edocation and work
expenience.

Changesin wages can have an impact on labor composition
growth through their effect on labor compensation shares. Re-
call that labor composition growth is aweighted averageof the
growth rates of the hours of each type of worker, Increasing
the weight onrapidly growing hours or reducing the weight on
slowly growing hours leads to faster labor input and labor
composition growth. The weights can change from year to
year because of shifts in the relative compensation of groups
of workers. Forexample, the eamings of college graduates has
increased faster than the earnings of high school graduates
since the early 19701s. As a result, the share of compensation
and the weight on the rapidly growing hours of college gradu-
ates has increased and sputred labor composition growth in
the 1980's. However, if all wages increase at the same rate,
thess: increases will have no impact on labor composition
growth because the labor compensation shares or weights are
not altered if everyone’s wages change proportionately,

Development of weights and hours, The calculation of the
Torngvist indexes of labor input and composition requires in-
formation on the compensation and hours of workers. Esti-
mated wages and hours sre combined to measure the relative
compensation shares ased 1o weight changes in hours for the
vanous groups of workers,

This section focuses on the development of the weights and
hours that enterinto the labor composition measure. The main
sources of data are the Census of Population, the Current Pop-
ulation Survey (CPS}, and the 1973 Social Security Adminis-



tration exact match file. Work histories and other data from
thee exact match file form the basis of equations used to esti-
mate the workexperence of individuals. The census and CPS
data permit wage equations 1o be estimated with education
and estimated work experience &5 explanatory varables.
These procedures are explained beow, a5 is the development
ofmeasures of hours of workers, More detailed discussions of
these mallers appear in appendixes C, D, and E.

The Census and CPS do not collect data on years of work
experience, While many researchers have selected age or
yeary since leaving school as & proxy for experience in eco-
nomic enalysis, the approach of this bulletin 1% 1w estmate
work experience by means of equations. This approach ac-
counts for experience acquired while in school and for inter-
ruptions in work histories, which the other measures do not,
Accounting for interruptions s particularly important when
messuring the work experience of women, who often spend
time cut of the labor force rasing children. Neither age nor
years since leaving school capiorss the effect that rasing a
family tends to have on work expenience.

Experience equations were estimited with data from the
1973 exact match file® The exact match file linked individual
records from the Social Security Administration continoous
waork history files, Internal Revenue Service tox retoms, and
the March 1973 CP5. The exact match file provided key in-
formation regarding the work histories of individuals which
was matched to demographic data found in the CPS.

Twa expenience equations were derived, one for men and
oiie for women. In both cases, the dependent variable was
years of work experience reported to the Social Security Ad-
ministration, including work expenence gained while atiend-
ing school. For men, the explinatory variables included po-
iential experience (age muous years of completed schooling
roinns 5ix), vears of schooling, and interaction terms between
potential experience and schooling. The women's equation
contained the same variables as well as varables relating to
martiage and children. The equabions were estimated using
linzar regression. Appendix C describes the experience equa-
fions in detail.

The estimated experience equations generate a measure of
work experience for esch individual, based on the worker's
demographic characteristics, Forexample, a 35-vear-old man
who iz @ college graduate is estimated to have 15 years of
work expenience, In contrast, a 35-year-old married mother of
tyo children who also graduated fromn college 15 estimated to
haved yesrs of work experience. The considerably Iower esti-
male for such women occurs because most mothers spend
some time outside of the labor force, while most male
35-year-olds have been in the labor force continuously,

YU 5. Department of Health, Education snd Welfare, Social Security Ad-
ministration, “Studies in [nteragency Data Linkages: Administrative Recard
Exacl Match File Codebaok,”™ Trem Pub. Mo. 79-11750 (Washington, DC,
[L5. Govenment Primting Office, 19795, There are alsn exsct mstoh files
for 1980 and 1987, but they are not currently avalshle for use outside of the
Cepzue Borear,
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Once the messures of experience haye been estimated,
wage equations can be estimated. Wages are used to develop
compensation shares in order to welght changes in the hours
of each type of worker, As indicated in chopter I, wages can be
estimated either as a survey sample average for all persons of
a given sel of tratls or by wape models. Wage rates based on
sample averages can be used in constructing a labor compiosi-
tion measure which is broad in scope but less clearin its mean-
img. Differences in the sample avérage eamings of workers
may reflect not ouly traits included in the study such as educa-
tion orexperience but also other traits not explicitly incloded
in the study such as pant-time work or ocoupation, Wage mod-
els can isolate differentials due to education and work expen-
ence (rom other wage differentials v

This resnlts in a labor composition measure which is more
narrow in scope but also more sharply focused on the changes
in the composition of the work force by educstion and work
experience. Another advantage of wage equations is that they
provide more precise estimates of wages for small groups of
workers, Only o few respondents (less than 30) may represent
a small group of workers in a survey, and the sample average
wage of those few réspondents may vary congiderably from
the average wage of the whole group. With wage equations,
the structure of the wage model permits information from all
wirkers to aud m esimating the wage rate for each group of
workers, Of course, wage models lead 1o restnictions on the
relationships between the estnings of various gronps of work-
ers. These relationships, while examined, tested, and con-
firmed in hundreds of studies over the last 30 or more vears,
may not hold exactly.

The wnge equations have been estimated with data from
the 1950 and 1960 Censzus of Population and with the Annuoal
Demographic File of the Current Populaton Survey, 1968 1o
1991, The earnings data collected by each survey refer to the
preceding year. For example the 1991 CPS collected informa-
ttom on the eamings of workers in 1990, For the years for
which the data are not available, linearinterpolation of the co-
efficients of the equations is used to obtain wages.

Eamings data from the decennial cepsuses and the Current
Population Survey are for wage and salary income excluding
benefits. For measuring Iabor compaosition, total compensa-
tion including benefits is preferable. There is no large survey
which samples the entire work force, collects demographic
characteristics, spans decades, and collects total compensa-
tion for workers, Provided that benefits are approximately a
cemstant proportion of total compensation, weights based on
earnings will be very similar to weights based on total com-
pensation, Data from the Employment Cost Tndex (ECI) indi-
cate thal the ratio of benefits to total compensation does not

0 The degree to which wage models can messure just the return to educa
tion and experfence Jepends on the other explanatory varables included in
the wage model, If other treits ane both omited from the wagpe mode] and cor-
refated with aducation or expenence, the educstion and experience parame-
ters will alsn include some portion of the return to these other aits, Never-
theless, wage models should genemlly provide an estimate conceptually
closer ta the retum to edocation and experience than darived from sample av-
frage Wage faled.



vary much by occupation, ' Tests inappendix B with ECI data
show little difference in the estime/ed parameters. Other stud-
15 cited in appendix E also spggest that benefils make up a
telatively constant proportion of tolal compensation for most
workers.

For each survey year, two equations are estimated, one for
men and one for women. Separate equations are used because
the pattern of women's samings differs from that of men, in
that the estimaled paramefers of the wige equations of men
and women are significantly differeni? For each equation,
the dependent variable is the patural logarithm of a worker's
hourly eamings. The explanatory variables include years of
schooling and work experience. Work experience is calcu-
lated for each worker from the estimated experience equa-
tions. Additional variables such as region of residence also
appear in the wage functions to control for eamings differ-
enees ansing from such factors. Appendix E conmins a de-
tailed description of the wage equations including a list of ex-
planatory variables and estimation results for each year.

Tables 12 and 13 show indexes of hourly eamings by
eduocation level for men and women, respectively. These mea-
sures are constructed with the estimaied schooling coeffici-
ents of the wage equations. The measures compare the hourly
earnings of workers at various education levels to the hourly
earnings of high school graduates (that 15, thoge with 12 years
of completed schooling). For example, in 1990, a male col-
lege graduate (index = 153.4) camed, on average, 53.4 per-
cent more per hour than a male high school graduate (index =
100.0). For women the comparable figure was 53.6 percent.
The hourly wage of male high school dropouts (index = 86.5)
was [3.5 percent less than the hourly wage of male high
school graduates in 1990, while the wage of female high
school dropouts (index = 84.1) was 15.9 percent less than the
hourly wage of female high school graduates.

Over the past four decades, the hourly wages of those with
at least some college education have increased faster than the
wapges of high school graduates, In 1949, male college pradu-
ates made 30.3 percent more per hour than male high school
graduates; by 1990 the difference had expanded to 53.4 per-
cent. The relative gains for women are more sinking: the dif-
ferential rose from 10.7 percent in 1949 to 53.6 percent in
1920, Workers with 1 to 3 vears of college and workers with:
postgraduate schooling also improved their positions relative
to high school gradoates between 1949 and 1990, Those with
1 to 3 years of college have not gained as much as college
gruduales, whereas those with postgraduate schooling have
gained substantially more than college graduates.

Compared to high school graduates, all three of the highest
education groups have made gains in the eighties after de-

" Donald G. Wood, “A Mew Measure of the Cost of Compensation Cam-
punents,” presented at the Conference om Res=arch in Income and Wealth,
Ma?' 12-14, 1988, Washingiim, DC.

2 Earnings are differentiated by 5ex in other studies of sbor composition,
melnding Jorgenson, Gollop, and Fraumeni, Preductivity and LS Econon
i Cerowth; Denizon, Trends in Aménican Econimic Growily J920-87; and
Chiinloy, Labor Productiviry, ABT Books (Cambridge, MA, 1981), Sexap-
pendix A for i discussion of eormngs differences by =ex.
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Table 12. Index of relative hourly earmings of men by educstion
level, 1945-30
{Index; 12 years of complsted =choollng = 100)

Years of Education
Year a4 | 58] 011 | 12 |1315] 6 | 17+
1040 | 718 | 845| 937 | 1000/ 1093 | 1303 | 1273
1958 T16 B36 225 | 1000 | 1156 | 1443 | 1450
1967 685.0 704 B79 | 1000 | 1128 | 1335 | 1485
1068 B68.8 T85 B7E | 1000 | 1720 | 1334 | 1488
1pee | 638 | 784 | 298 | 1000 | 111.2 | 136.4 | 1294
1870 E4.4 8.3 B84 | 1000 | 1136 | 1324 | 1298
1871 &64.6 TH.B 88,7 | 1000 | 1131 | 1353 | 1511
1072 | e42 | 812 8661000 1110 1335 | 1433
18973 1.5 7749 o009 | 100.0 | 107 E | 1265 | 1440
1874 | €18 | 808 | 1.4 | 1000 1063 | 1243 | 1378
1875 673 T2 B6.8 | 100.0 | 108.0 | 134.2 | 1495
18786 B4.9 76.0 854 | 1600 | 1064 | 7333 | 1508
1977 | 598 | 737 | 59| 1000 | 1072 | 1305 | 1477
1278 ET.6 ¥2.8 B56 | 1000 | 1078 | 1313 | 4TS
1879 56,7 T4.5 85.0 | 100.0 | 107.2 | 1285 | 1498
18980 60.8 7456 86.0 | 1000 | 1060 | 1288 | 1508
1881 57.8 755 B5.8 | 1000 | 108.0 | 1294 | 1499
1982 58.1 a7 835 | 1000 | 10689 | 12863 | 1538
1083 | 821 | 748 | 2561000 | 1089 | 1355 | 1629
1884 B9.2 Fich | B3.2 | 100.0 | 1066 | 1397 | 7590
1985 g0.2 719 BG4 | 1000 | 1124 | 1308 | 1718
1886 58.7 72.8 B40 | 1000 | 1108 | 1461 | 1728
1987 63.7 T1.4 B3.8 | 1000 | 1104 | 1391 | i718
1988 63.3 70.5 B4.9 | 1000 | MM20 | 1451 | 7704
1988 65.4 Fai BE.2 | 100.0 | 1157 | 150.7 | 1TF2
vaso | es1 | 728 | 864 | 1000 | 1182 | 1534 | 17EE

chines or erratic changes in the seventies, The relative wages
of men in these groops first underwent a decline in the first
half of the seventies, and the relative eamings of women n
these groops moved erratically during the entire decade. In
the eighties, the relative eamnings of men and women with at
least some college generally increased, but workers with
mare than a college degree made the largest gains,

During the postwar perioed, the hourly wages of workers
wilhout a high school diploma have fallen in comparison to
the honrly wages of high school graduates. Male and female
high school dropouis experienced similar declines, While the
wage of male high school dropouts was, on average, 93,7 per-
cent of the wage of male high school graduates in 1949, by
1990 it was down o 86.5 percent. For ferale high schogl
dropouts, the decline was slightly smaller, from 91.2 percent
in 1949 10 B4.1 percent in 1990. Those who never attended
high school also Jost ground relative 1o high school graduates.

Table 14 presents the percentage change in the wage due (o
an additional year of experience, which is calculsted with the
experience coclficients of the wage equations, holding other
traits constant, In 1990, a man with 5 years of experience
earned 3,9 percent more per hour compared to a man with 4
vears of experience. The percentsge change in the wape fell as
experience rose. AL 10 vears the gain from an additional yesr
experience was 4.5 percent, while at 15 years it was down to
3.1 percent. At 25 years an sdditional year of experience led o
an mncrease of just 0,4 percent. The wages for women also
grew more slowly as years of experience increased. In 1990



Table 13, Index of relative hourly earnings of women by
education level, 1943-20
(Index, 12 years of complated schooling = 100)

ears of Edueation

Yesr

1-4 5-8 g-11 12 13-15 16 174
1940 820 841 g2 | 1000 | 1083 | 1107 | 11833
1859 74.0 B3.4 811 | 100.0 | 1102 | 127.1 | 1333
1967 745 .7 7.2 | 1000 | 1095 | 1296 | 40,7
1968 731 a1.6 B3 | 1000 | 1127 | 1253 | 1525
1962 765 840 BS1 | 100.0 | 1136 | 1230 | 1227
1870 711 785 B7.9 | 1000 | 1140 | 1271 | 1095
187 730 Ta.8 826 | 1000 | 110,71 | 1285 | 1507
1972 76.3 B1.9 905 | 1008 | 111.3 | 1262 | 128
1973 768 B2.4 815 | 1000 [ 1160 | 1251 | 140.4
1974 860 | B4B8 | B9.8 | 1000 | 1135 | 1237 | 1409
1475 T4.0 B0.3 850 | 100.0 | 1120 | 1206 | 1276
1976 755 B0.5 BG5S | 1000 | 1117 | 127.1 | 143
1977 741 781 B&3 | 1000 | 112.0 | 127.1 | 150.7
1978 J85 BO.G B4.3 | 100.0 | 102 | 1202 | 139.2
1978 734 78,4 B7.4 | 1000 | 111.3 | 1316 | 1456
1980 84.2 B0.3 B7.4 | 100.8 | 1138 | 1325 | 140.2
7981 6a.2 Bi.B B5.2 | 100.0 | 1157 | 1285 | 151.4
15982 G2.4 TE.4 BE.7 | 100.0 | 113.1 | 133.0 | 1481
18983 G2.4 78.2 BE1 | 100.0 | MET | 133.7 | 1584
1984 vA.3 9.0 BE.4 | 1000 | 1176 | 1380 | 1636
1985 B7.6 Tl B&.7 | 100.0 | 1161 | 1429 | 16857
1986 78.3 TI.B 83.2 | 100.0 | M85 | 1452 | 1737
1987 BE.1 Tai BSE | 1000 | 1184 | 1399 | 1722
{968 G662 | T4.4 B84.6 | 100.0 | 1205 | 162.0 | 176.7
1989 FoL.O 753 B3.2 | 100.0 | 1186 | 165586 | 1671
18950 7a.4 73.0 B3.7 | 1000 | 1MB.0 | 1528 | 1712

an additional vear of experience resulted in an incresse in the
wageof 5.0 percent forwomen with 5 years of experience. 2.9
percent for women with 10 years of experience and 0.8 per
cent for women with 15 years of experence. At 25 vears of
euperience theresult was a decrease in the wage of 3.2 percent.

The results in Table 14 show that the payoff to additionzl
expericnce has risen for workers al low and intermediate lev-
els of experience in the postwar period, Most of this incrense
has occurred since 1970. For example, for men with 1 yearaf
experience, the payoff to an additional year of experience was
5.3 percent in 1949 and 5.4 percent in 1970, while in 1990 jt
was 7.0 percent. For women with 5 years of experience, the
payofl was 2.2 percentin 1949, 2.4 percent in 1970, and 5.0
percent in 199(). This rise in the payoff to experience conld be
due to increases in the retums to traming or o incréases in the
amount of fraining per year of expenence,

As intable 14, the entries in table 15 were computed from
the experience coefficients of the wage equations, Table 15
displays indexes of relative earnings by experience level for
men and women for six levels of experience (0, 5, 10, 15, 25,
and 30 years). In each half of the table, il explanatory varn-
ables @re held constant except experience. For instance, in
1990 a man with 10 years of experieoce eamed 75.0 percent
maore per hour than a man with no experience who was identi-
cal in other respects. With 25 years of experience, his wage
would have been 144.5 percent higher than the wage of the
man who had no experience.

Table 14. Percent change in wages due to an additional year of
work experience, men and women, selected years, 1945-9407

Years of work experencs

Year

1 B 10 15 25 30
Men
1948.. ... R 4.4 1.3 22 0.1 =1.1
1859.. ... 59 4.9 a7 25 A -1.1
1970 ccoax 54 4.5 a3 21 2 -1.3
g |- 79 B4 4.7 2o =5 2.1
1880..... 73 6.3 4.7 3.0 -2 17
1885 . ., B4 6.8 5.2 a5 2 A5
1990, ... T.0 5.9 4.5 34 A -1.0
Wamen
1849 . ., ZB 22 14 0.8 =09 1.6
1958 ... 2.7 23 & Pr g 11 =1 -7
gk ¢ 32 24 1.5 5 A3 22
a1 50 3.8 2.2 B =24 -3.8
1880 ..... 4.9 av 2.2 -] 2.3 -3.B
1885..... EA4 4.8 2.9 a8 2.8 A&
1990.. BT 50 29 ] 3.2 =51

! Measured as Ihe percentage diffierence in hourly wagss betwsen
& worker with & given number of vears of work exparience and 1 year
less of experence, for exampls, the percentage change in hourly
wages batween 4 and 5 years of work experence.

Charts 3 and 4 indicate that the earmings-experience pro-
files have become steeper during the past 40 years. In 1949 a
man with 15 years of experience earned 73.6 percent more per
hour than he would have with no experience, while in 199(
the differential was up to 109.4 percent. A woman with 15
yearsof experiencein 1949 eamed a wage 29.1 percent higher
than a woman with noexpenence, while in 1990 her wage was
72.9 percent higher.

Table 15. Index of relalive hourly earnings by years of work
experience, selected years, 1949-90
(Index; © years of wark expensnce = 100)

Years ol wark expenence
Year
a & 10 15 25 a0

Men

1948, ,..| 1000 | 1269 | 1525 | 1736 | 1906 | 1840
1958 ... 100.0 | 1304 | 1601 | 1852 | 2074 | 200.7
1970.... | 1000 | 1273 | 1534 174.0 | 1892 | 1513
1876....] 1000 | 141.8°| 1838 | 2194 | 2432 | 22658
1950, ...| 1000 | 1402 | 1816 | 2174 | 2461 | 2328
1885 ..., | 1000 | 1446 | 1826 | 2362 | 278.0 | 2668
1990 ....| 1000 | 1388 | 1750 | 209.4 | 2448 | 2393
Waomen

1948 ... | 1008 [ 1134 1231 1281 1287 | 1187
19508,... ) 1000 | 1132 | 243 | 1327 | 1283 | 1351
1970 ... 1000 | 1149 | 126.0 | 181.9 | 1258 | 4.6
1975 .| 1000 | 1240 | 1425 | 15816 | 1363 152
1880 ..., 1000 | 1235 1415 | 1505 | 1363 | 1158
1885 ... 100.0 | ¥31.5 | 1573 | 1712 | 1525 | 1250
189480, ., 100.0 | 1328 | 159.4 | 1728 | 1802 | 1204

The most striking difference between the men's and
women's profiles is that the women’s profile is much flatter
thronghouot the period (chart 5), In 1949 a woman with 10
years of experience earned 23.1 percent more per hour than if



Chart 3. Indexes of hourly earnings of men by
years of work experience, selected years,
1948-90
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Chart 4. Indexes of hourly earnings of women

by years of work experience, selected years,
1948-90
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selected years, 1948-90
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Chart 5. Indexes of hourly earnings of men
and women by years of work experience,
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she had had no experience. while for men the differential was
52.6 percent. Forty-one years later, a woman with 10 years of
experience made 59.4 percent more per hour than if she had
had no experience, while for men the figure was 75.0 percent.

In addition to information on earmnings, data on annual
hours of work are needed to measure lsbor composition
growth, Hours matrices have been created with data from the
19350 and 1960 Census of Population and the Annual Demo-
graphic File of the Current Population Survey, 1968 to 1991,
(Ax with the earnings data, the annual hours data collected by
a survey refer to the previous year.) For the remaining years,
an iterative multiproportional interpolation method was used
to complete the set of matnices for the period 1948 1o 1990.43
For this set of matrices, hours of work are cross-classified by
age, education, and sex; the hours of female workers are also
classified by marital status and nember of children ever bom.
The characteristics and dimensions of the matrices are pres-
ented in table 16, In total, there are 4,032 cells for women and
504 for men. The experience equations are used to condense
these matrices into a set of annual hours matrices which are
cross-classified by estimated work experience, education,
and sex. These smaller matnices each have 504 cells. ™ Each

I¥ See M. Bacharach, "Estimating Nonnegative Maldces from Margisal
Data,” fnrermational Economic Review, September 1965, pp 204-310,

8 There are 72 bevels of estimated experience {0 10 T1 years) and 7 levels
of edication for each sex.
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Table 16, Characteristics and dimensions of ennual hours
matrices

Characterstic Dimension Types
Men Women
Education -.:i5:.000 T 7 0-4 years of
schooling
58
5-11
12
13-15
16
17 ar more
.t - N R EORICK) 2 72 14-85 years old
Marital status ... 2 Ever married
Mever married
Number of children . . - 4 Hang
1
2-3
4 or momns
Total oells Lo vipizns 504 4,032

cell of each matmix contains the total number of hours worked
in that year by a particular group of workers; all members
within a cel] are the same sex and have the same amount of
education and work experience. Labor composition growthis



computed with this set of matrices. See appendix D for details
concerning the construction of the hours matrices.

Labor input and labor composition growth

Once the hours of labor for each type of worker are col-
lected and the corresponding wage rate estimaied, changes in
composition-adjusted Jabor input are messured. Changes in
labor input are measured vsing the Tomqvist index formula of
equation 2 and then linked, forming the Tomgvist index of la-
bor input in the private business sector as shown in table 17.

Between 1948 and 1990, labor input grew 71.3 percent ot
1.3 percent annually in private business. The rate of growth of
labor input increased greatly after 1973. Making companisons
from one peak of the business cycle to another reveals the trend
in labor input growth with a minimum of cyclical fluctuations
inthe demand forlabor. From 1948 to 1973, laborinput grew at
an average annual mate of 0.9 percent. Since 1973, Isbor input
has increased 1.9 percent annually. During this later period Ja-
bor input has grown at a fairly consistent rate. During the peri-
od 1973-79, labor input grew 1.8 percent annuzally. Since
1979, laborinput hasrisen ata slightly higher rate, 2.0 percent.

Table 18 contains the Torngvist index of labor input fer pri-
vate nonfarm business. Labor input in this sector, which ex-
cludes farm production, grew 31 percentage poants more than
in the private business sector primarily due to # shift in em-
ployment from farm to nonfarm industries during the 1950's
and 1960°s. Labor input grew 103.1 percent after 1948 or 1.7

percent annually. Again, labor imput growth proceeded at a
faster rate after 1973 than during the 1948-73 period. In both
sectors, labor input grew faster than total hours. Since 1948,
labor input in the private business and private nonfarm busi-
ness sectors increased at average annual rates of 1.3 and 1.7
percent, respectively, while hours increased only 1.0 and 1.4
percent.

The difference between the growth in labor input and total
hiours equals the change in the composition of the work force.
Between 1948 and 1990, labor composition growth resulting
from anising level of worker skills added 13.3 percent to labor
input in private business and 12.0 percent in private nonfanm
business. Labor composition in private business grew (.30
percent annually from 1948 1o 1990 (table 19). Labor com-
position in private nonfarm business increased almost as rap-
idly, at 027 percent annually.

Between 1948 and 1990, more than 75 percent of the
growth in pnivate business labor input came from the increase
in the hours of laber, and the remaining 25 percent came from
labor composition. Prior to 1960, however, chart & indicates
that all of the growth of labor input was due to labor composi-
tion growth. Inthe next two periods shown, labor composition
growth never accounted for more than 25 percent of the
growth inlabor input. In addition, for the peried 1960-7% labor
composition growth accounted for just 8 percent of the in-
crease in labor input. Although the growth rate of labor com-
posiion may seem small, especially when compared 1o the

business, 1948-90
Percent of labor input
120

Chart 6. Contribution of hours and labor
composition to labor input growth in private
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Tabla 17. Index of labor Input and rate of changa In the U.S.
private business sector, 1948-80
{index 1962 = 100)

Tomgvist index Pearcenl

Year af labor input change
o0 e e T Y 7116 -2.55
: 1 R W S S iy e 71.89 1.03
1951 . 7412 310
1962 , T4.23 %1
R o i o e o b i 75.43 1.62
1854 ... Py dainuy 73.45 -2.62
TB.32 3891

77.58 1:65

76.58 -1.28

7327 -4.33

76.22 4.03

TE.61 51

75.78 -1.08

77.66 2.48

78.23 Ja

T2.43 153

81.89 3o

g3.72 223

B3.56 -19

84.54 147

BE.B1 2.80

B5.53 -1.58

B4.89 75

BY.IT 339

80.70 334

21.31 &7

B7.42 -4.26

B9.TB 270

93.31 3.83

9795 478

100,76 2.87

10010 -8

101.56 148

100.00 -1.54

102.24 224

108.28 591

10.77 2.30

112.03 1.14

1577 3.534

120,68 4.25

124.35 3,03

24.88 A1

Averane annusl growth rales

TR i as s s - 128
F o L e a7
pE s o v e el 1.90
TITETE - i v b 1.77

p |2 77 2 |4 TR 1.098

growth of total hours, increases in the skill level of the work
force contributed about 9 percentage points to the growth in
private business sector output after 1943.1

15 In this study, only the direct contsibution of increased skills o labor in-
it is considered. Better training and higher educational aftainment may
raise ooipul through indirect means as well. For example, Finis Welch,
“Edugation in Production,” fourmal of Political Ecomomy, 78, no. 1, Jannary/
Felsuary 1970, pp. 35-39, finds that more highly educated farmers adopt
new technology more quickly. A. Bartel and F. Lichienberg, “The Compara-
tive Advantage of Bducated Workers in Implementing New Technology,”
Review of Econoniics and Slaristics, &6, no. 1. Febroary 1987, pp. 1-17, asgue
that mone highly educated workers have 2 comparative cost advaniage inim-
plementing new techoclogy. 1T wages do not fully reflect these skills, labor
compasition growth will be undersiated.
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Unlike total labor input, labor compositon in the private
business sector increased at only a slightly faster pace after
1973 (table 19). A somewhat similar pattern i$ found for the
nonfarm private business sector, On closer inspection, how-
ever, one sees Lhat labor composition changed at distinetly
diiferent rates over the course of the 1ast 42 years, Labor com-
position growth was most rapid in the 1950's and 1980%s but
very slow in the 1960"s and 1970°s. Labor composition grew
0.40 percent annually from 1948 1o 196{) in private business.
Similarly, the average annoal growth mate has been 0.49 per-
cent since 1979, During the 1260-79 pened, labor composi-
tion was virtually unchanged, increasing at ap annual rate of
only 0.12 percent.

The pattern of labor composition growth results largely
from the changes in the underlying expenience distribution of
the work force. As indicated earlier. educatonal attainment
has grown at a more or less steady rate over the past 42 years
and therefore is not a major factor in the flocmation of labor
composition growth, However, the average level of work ex-
perience began to decline around 1959, The experience level
of all workers continned to fall until 1979, and it has increased
slightly in the 19805, The average level of experience de-
clined primarily because the baby hoom generation entered
the work force. In addition, the relatively low youth unem-
ployment rates of the 1960°s and early 1970's may indicate a
scarcity of labor which may have forced employers to hire
less experienced workers, Furthermore, the large increase in
labor force participation of women duning this period may
have been pnmarly among young women and re-entranls
with low levels of previous work expenence, thus causing
furtherdeclines in the average level of work experjence.'®

Labor composition growth also lends 1o move counter to
the business cycle. Usually, labor composition growth is fast-
et during economic downnims and slower during expansions
when the demand for labor approaches its peak. Labor com-
position m the private nonfarm business sector grew about 30
percent faster in the 11 years when total hours decreased than
in the 31 vears when hours increased.

Aversge pefceniage chanie in private nonfanm busiTess (sbor com-
pasiion by change il hows, 1948-50
(Percentage change inlabor composition)

All years 0.27
Years when tolal hours rise 24
Years when total hours fall 36

If firms lay off theirleast productive workers first during an
economic decline, the average skill level of the remaining
work force will increase. Since firms often follow a "last
hired, first fired” scheme, this hiring practice coptributes to an
inerease In the average level of experience of the work force
in periads of declining labor demand. Furthermore, highly
educated workers are less likely ta be laid off during & reces-

16 Bee June [ Neill, "The Trend in the Male-Female Wage Gap in the
Uniied States,” Journal of Labar Economics, pi. 2 supp, Janmary 1985, pp
59118



Table 18. Index of labor Input and rate of change in the U.5.
private nonfarm business sector, 1948-90

(Index 1982 = 100)
Torngvist index Percent
Year of labor input change
62.55 =
60.14 -3.85
6229 3.57
65,18 4.64
B6.13 1.48
68.34 3.34
66.35 =299
6925 437
71.07 2.63
7087 =14
68.00 -2.18
71.05 449
71.44 55
71.25 =27
7345 3.09
74.35 123
7e.08 233
7E.B3 361
B1.3 3,15
B1.27 =05
82.30 1.27
8510 3.40
B3.87 -1.33
83.54 =51
BE.35 3.36
Ba.59 3.75
20.20 68
B86.36 -4.26
BBE.ES 3.00
8273 4.25
87.50 5.14
100.51 3.09
00,95 =55
101.52 156
100.00 -1.50
102.38 238
108.67 6,14
111.66 266
113.12 1.40
117.09 3.5
12223 4,39
12621 3.26
12657 60
Average annual growth ral
L R e ST 1.70
TRETE v i s 1.45
L o e e R e 2.07
TR v an pnaws iy o 1.04
10 s s r e 215

sion. Other factors being equal, labor composition can be ex-
pecied to tise more rapidly during an economic downturn.
During an expansion, the reverse pattern is observed, Firms
generally recall their best workers Brst and then recall the
more marginal workers as the expansion continues. At the
peak, firms consider hiring new workers, some of whom may
not meet previous hinng standards. As the expansion pro-
ceeds, labor composition increases less and less .7

Table 20 compares the growth rates of three different mea-
sures of labor input in private nonfarm business: Employ-

¥ In the year preceding = fail in total hours, Ishor composition in the pri-

vale nonfarm business sector grew atabout 73 percent of the average growth
ate,
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Table 18, Index of labor composition and rate of change in the
U.5. private business and privale nonfarm business sectors,
1948-90

{index 1982 = 100)

Private business | Private nonfarm business
Ya
. Lsbaor Parcent Lahor Pereont
compasition| change composition | changs
i F S |27 - g2.25 %
1048 e as 91,47 021 8238 0.1s
01 R 2247 i 892.83 49
195% . - g2 41 26 B2 85 o2
1 eaginss 9267 27 83.53 T4
1903 s eae i 93,36 - 8427 [i:]
190 s s 94.04 J3 8482 69
1958 czceizssn 94 22 g 9513 L
p i R 94,37 17 8527 15
p i e 94.78 A3 85.78 53
1858 ..., 95.15 38 8592 14
gL R 9527 2 55,01 10
1900 e 8576 51 85,02 o
198 i 95,20 55 86.94 L
L1, - - SARRCIREES a7.20 a4 87.93 i 02
g Lo v SR a7.42 22 0a.0o 16
1964 .. ..o a7.48 05 58.04 -05
19680 e a7.37 =10 857.93 =11
L F L R o735 - 02 8772 =2
- o 97.50 A6 87.68 -4
1888 ... 97.28 -23 B7.39 =30
1868 vy 97.65 .38 g7.81 43
1900, 98.08 e 8321 A
19k =2 sinave 47,80 -29 a7.54 -28
1072 avisivans a7.65 08 a7.90 -04
p L R 9763 -22 B7.69 - 21
1074 cicozc 8828 BT 58.36 5B
- - TR 98,33 05 88.36 0o
7o eg.12 22 SH.08 - 29
( T AP 8812 .00 8812 05
TETE v 2y nsnts 9824 A3 98.18 o8
TETR s —at 9782 33 ar.87 =32
1980 . \ 98.24 22 8g.19 33
A9BY o ias 48,49 78 BE.A5 7
1982 . ......q 100,00 1.02 100.03 1.07
12~ PSRN 100.43 A3 100.37 37
i 100,54 .M 10043 it
985 _........] 10079 25 100.68 25
1986 ... ] 16130 50 101.27 B8
188 . e TONES 28 10147 18
JEBE - eyt 10237 81 102.29 81
1989 102 85 AT 10277 A48
1980 .., 4.0.| 10337 a1 1023 A2
Avaragae annual
growth rates
1948-80 - -- ., a0 gy
1948-73 ..., 27 23
1973-80 ... 34 33
1873-7g | 05 o3
1973-00 __ 49 45
1948-60 . _ . Ad 3
1960719, .. 12 A0
197680 _ ... A5 a9

ment, hours, and the Tomagvist index of labor input. In each
penod shown, employment grew more rapidly than hours, be-
cause average weekly hours were falling. Also, the Torngvist
index of lebor input rose faster than hours in each pedod, be-



cause of increases in labor composition. In most of the peri-
ods, the growth rate of the Tomgvist index was below the
growth rate of employment, implying that the drop in average
weekly hours was greater than the rise in labor compoesition.
The exception is the interval between 1979 and 1990, when
the Tarngvist index of labor input increased faster than em-
ployment,

The importance of considering average weekly hours and
Tabor composition when measuring labor input is illustrated
by the last two rows of table 20. Using employment to gauge
the change in labor input, one would conclude that labor input
grew much more quickly in 1973-79 than in 1979-90; em-
ploymentrose at average annual rates of 2.64 percentand 1,82
percent in those time spans, respectively, However, avérage
weekly hours fell more rapidly in the earlier span, and labor
composition advanced with greater speed in the later span.
The net effect was that, based on the Torngvist index, labor
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input actually grew more rapidly between 1972 and 1990 than
it did between 1973 and 1979,

Table 20. Employment, hours, and the Torngvist index of labor
input in private nonfarm business, 1948-50

{percentage changa)
Average annual growth retes
Yaars Tormovist indsx
Employment Hours of
labor input
194880 ., ...... 1.80 143 1.70
1248-73 1.69 1.22 145
197380 ... ... 211 1.74 207
197379 . ... 2.64 1.3 194
1879-90 ... .82 1.65 218

Note: The diferances between the growth rates of the Tomgyist in-
dex of labor input &nd hours are not all exactly equal 1o the growlh
rates of labor composition in table 17 dus to rounding,



Chapter lll. U.S. Productivity Growth, 1948-90

The measurement of labor composition isonly the first step
toward assessing its contribution to productivity growthin the
1.8, economy. This chapter presents a growih accounting
framework for analvzing the contribution of labor composi-
tien 1o output per hour (labor productivity). The chapter be-
gins by reviewing trends in labor productivity in the postwar
era, A framework for analyzing labor peoductivity growth is
then presented, Next, the effect of labor composition on pro-
ductivily is assessed, The analysis then expands toinclude the
role of capital services, and new BLS measures of multifactor
productivily are introduced.

Labor productivity trends, 1948-90

The business sector is the broadest segment of the economy
for which the Bureau of Lubor Statistics measures labor pro-
duoctivity, Busmess seclor output 15 defined as gross domestic
product (GDP) in constant 1982 dollars less the output of gen-
ergl government, nonprofit institutions, paid employees of
private bouseholds, the rental value of cwnperoccupied
dwellings, and the staustical discrepancy in compuling the
National Income and Product Accounts, Some of these items
are excluded because output measures for them are relatively
weak, being defined, in some cases, in terms of labor com-
pensation, Other ilems are excluded because there are no cor-
responding measures of factors of production.! The business
sector has averaged about 78 percent of GDP in recent years.
MNonfarm business also excludes the output of the farm sector
and has averaged sbout 77 percent of GDP in recent years,

Chart 7 shows rising levels of output, hovrs at work, and la-
bor productivity, defined as output per hoor at work, for the
business sector: Since 1248, business sector ontput has grown
281.2 percent, while hours increased 52.9 percent. Asaresult,
labor productivity grew 148.9 percent or at an annual rate of
2.2 percent.

Labor productivity in business has consistently nsen in all
postwar expansions. However, during recessions labor pro-
duetivity has grown only slightly or has declined. These cycli-
cal changes in labor productivity anse from larger vadations
in the growih rate of output compared to labor, Changes in the
utilization of the capital stock contribute 1o the cyclical varia-
tions in outpul growth rates. Cyclical variations in labor may

L See Jerome Mark, “Problems Encountered in Messuring Single- and
Multifactor Productivity,” Manihly Labar Review, December 1986, pp. 3-11,
for a discussion of measurement i5smes.

be dampened by lags in hiring and firing workers or by (he
hoarding of workers with specialized skills

Comparing productivity levels between peaks of the busi-
ness cycle can highlight long-term trends in productivily
growth, Table 21 displays the average annual growih rdies of
labor productivity in the business sector between business
cycle peaks. With just one exception, labor productivity
growth rates exceeded 2.0 pereent in all periods prior o 1973
for both the business and nonfarm business sectors. Alfer
1973 the fates of growth were very much slower, In the three
completed business cycles since 1973, labor productivity has
not achieved the growth rates recorded for the five previous
business cycles.

The slowdown in labor prodocnivity hasbeen the subjectof
intense investigation.? Though some researchers mark the be-
pinning of the productivity Slowdown as early as 1967, the
widely accepted starting point of the slowdown is 1973, In
private bugmess (which excludes government enterprises),
labor productivity has been growing 0.9 percent per year
since 1973 (table 22). This rate 15 Tess than a third of the 3,1
percent grawth rate witnessed hetween 1948 and 1973 Ac-
companying the slower growth in productivity isa slower rate
of growth in outpur and a faster rate of growth in hours at

> Walter O, “Labwor as # Quasi-Fixed Factor " Tasrrial of Politicsl Evarin-
iy, December 1962, pp. $38-55, demonstraties st Tived costs. pssocmied
with erploying Ishar means et remporey changes in ontpe lead o smaifer
chunpes m lubor

Ton Fay and James MedofT, “Tabor and Duiput Over the Business Cycle:
Some Direct Evidence” Amerioan Econemile feview, June 1985, pp.
638655, estimate that about 5 peroent of labor s hoarded dumng e troueh
uiarter of the bosiness cyole

See Sugan Powers, "The Role of Capital Discards in Maltifactor Produg-
tvity Meusurement,” Monthly Labor Review, June 1988, and “Cychical Vag-
avion in Capital Stock Measures: Implications for Mullifactor Productivity,”
Ph.D tiests (State Universily of New York ol Binghamlon, 1985) for a dis-
cussion of cvclical influences on measares of capital.

A For p discussion of potental causes of the productivity. slowdown, see
Edwin Deen and Kent Kunze, “Recent Changesin the Growth ol U, 2 Multi-
factor Productivity,” Moarily Labor Revtew, May 1988, pp. 14-22; Edwend
Demsan, Trends in American Ecomaric Cirpwith, T925-1982 The Brookings
Instinsion (Washington, DC, 1985); Martin ™, Baily and Roberi Gordon,
*“Measurement lssues, the Prodoctivity Slowdown, and the Explosion of
Computer Fawer,™ Brookingr Papers vn Ecanomic Aciivity, 2, 1988, pp.
347-4700 1. Randolph Nerswaorthy, Micksi=l Fhimper, and Kenl Konge "The
Slewdown in Froductivity Growth: Analysisof Some Contnbuting Faciors,”
Brackings Papers or Feongmic Activicg 2, 1979, pp- 387-421; and the 11 5.
Drepartmeentof Labor, Bureau of Labor Siatisncs, Trends in Muliifacior Pro-
diceriviry, 124881, Bulletin 2178, 1.5, Governmeal Prinfing Office (Wash-
ingtom, DO, 1983



Table 21. Average annual growlh rates of output per hour In
business and nonfarm business batween business cycle

peaks, 1948-50/
(Percant per year)

MNenfarm
Pariod Business? business®
1948 IV -1983 M0 0o coviiinnn 4.2 3.1
1963 =485F M. o - - o oo sl 20 1.8
1957 M -AB80 0 . oo e e 29 23
1960 -19689 IV .., ccvieann 3.0 25
TSR =1073 0 e 2.3 2.9
1878 W =19801 ... .. T o &
188000 =19B1 0 .« cvieiaiannn 1.3 B
1881 W=-4990 I ... ..o 1.2 1.1

T Cyclioal peaks are those designated by the Mational Bureau of
Economic Research.
2 Includes governmenl enlemprises,

work. So, in recent years, smaller increases in output have
been achieved with larger increases in hours,

Although the 2 2-percent slowdown in the growth rate of
private business labor productivity may appear small, the cu-
mulative effect is quite large. If no slowdown had oceurred,
labor productivity woold have been 44 percent higher in
1990. Seen in a more dramatic light, all other things un-
changed, real private business sector output in 1990 would
have been more than $1.4 trillion higher (1982 dollars) with-
out a productivity slowdewn.

Table 22, Average annual rates of growth of output per hour in
privale business and private nonfarm business for selected
periods, 1048-001

{Percent per year)
Dutput
Period per haur Output Hours
Frivate business
1048~ .. . iuivas e 22 a9 1.0
1948-73 R | - a1 3.7 B
TOF300 covcoie pEaEE 8 2.4 1.6
19F3-FO o5 s .o B 25 1.6
1RO, L eianis 2 2.4 16
Private nonfarm businass
TRB-B i Lt ind 1.8 a2z 1.4
TRABTE v Cimans 25 3a 12
T390 cispieprs 2 g 2.4 1.7
VEFBTH i e i s & 2.5 1.2
FEFR-I L . i e vl 2.4 1.8
! Excludes govemment enterprises,

Chart B shows the course of labor productivity in nonfarm
business since 1948. Labor productivity grew 114.1 percent
over the period or at an annual growth rate of 1.8 percent. La-
bor productivity in nonfarm business grew more slowly than
in business becanse farm sector productivity grew very rapid-
Iy, especially during the 1950's and 1960's,

The preductivity slowdown was almost as large in private
nonfarm business, Priorto 1973, labor productivity grew at an

annual rate of 2.5 percent, but only 0.7 percent from 1973 ta
1990 (table 22). Again, the |.8-percent reduction in the
growth rate of labor productivity represents aTarge decline in
potential output. If no slowdown bad occurred, labor produc-
tivity would have been 36 percent higher, and real prvate
nonfarm business output wonld have been more than $1.1 -
Lion higher (1982 dollars) in 1990,

Measuring labor productivity changes

A growth accounting framework relates changes in Jabor
productivity to changes in outputs and the inpats used in pro-
duction. This framework explicitly shows how changes in the
composition of the work force can account for changes in la-
bor productivity. The denvation of the growth accounting
framework may begin with a production function which re-
lates the quantity of output or value added, €}, which can be
produced with capilal services (for simplicity capital is nat
disapgregated), k, many types of labor inputs, by, .. . g, and
1he technology available at time ¢, A *

10 =4&*%k hyi, ... b .00 h

Differentiating the logarithm of equation | with respect 1o
time yields an eqguation for the growth rate of ootput, The
boldface letiers represent the growih rale of the variables, for
example, q is the growth rate of output, .2

Dg=a+s*k+spyyThi+. .+ %+, .+ hy

The growth rate of ouiput, g, depends on the growih rate of
capital services, k, the growth rate of each type of lahor ser-
vices, h, and the growth rate of multifactor productivity, a
The terms, s and sy, are the ootput elasticities of capital and
each type of labor, that is, the percentage changes in output
due to a 1-percent increase in a given (ype of capital or labor,
respectively.

Multfactor productivity measares the increase in output
which cannot be attributed to increases in labor or capital. In
other words, multifactor productivity measures the change in
output arising from changes i technology, the utilization of
eapital, organization of production, managenal skills, and n-
vestumentsinresearch anddevelopment. By rearranging terims,
multifactor productivity can be seen to be the growth rate of
output less the weighted growth rates of capital and labor,

Bjazq-—Sk*k*ShI*hf-.-.—Sm*hj'l*-'}.’hﬂsh“

By assuming that lahoris an input separable from capital, 1t
is possible to concentrate exclusively on an aggregate of laboz

4 Multifactor productivity 16 dedved tm appendix A using n more genetsl
deseription of the production function, However, mearangful mewsures of 1a-
beranput and composition require the Hicks' nentral technical change used
in equation 1,

* This notation is used for stmpiicity. The prowth rates should not be inter-
preted as mstantancous growth rates bul rather as the rate of growth over an
inderval of time such as a year. Again, appendis A provides a mons dgorous
degivarion of multifactor productivity and Jabor composibon.



Chart 7. Business output, hours, and

output per hour, 1948-90
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Chart 8. Nonfarm business output, hours,

and output per hour, 1948-90
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input.5 Equation 3 can be rewrilten in lerms of aggregate la-
bor mput, 1, and labor’s share of total costs 5.

Ya=qg-s*k-5*1

Aggregate labor input, L is then a weighted average of each
type of hours where the weights, sj; (= spi/s)), are each type of
worker's share of labor compensation, Recall that the growth
rate of labor inputs, L, 1s the sum of the growth rate of total
hours, H, and labor composition, .

Sl=sy *hi+. .+ *hi+. . 45 Fhy,=H+c

Substituting equation 5 into equation 4 yields snother gx-
pression for multfactor productivity growth,

Bla=g-s*k-5*(H+c)

The growth rate of Tabor productivily 18 defined as the
growth rate of output less the growth rate of total hours at
waork, Rearranging the terms of equation 6 and subtracting the
growth rate of hours from each side yields the result:

Tig-H=a+s*k+(s-)*H+m*e

If industiry is perfectly competitive in both the product and
factor markets and if the production function resulis in
constant retums Lo scale, the outpul elasticities of capital and
labor equal their share= of total cost, and the sum of these two
shares is ane, So, s =(1 - &} and equation 7 can be rewritten:

Blg-H=a+5*k-H+5*c

Eruation 8 shows that labor productivity and muliifactor
productivity are related measures: The growih rate of labor
productivity iz the sum of the growih rates of multifacror pro-
ductivity, the contribution of capital inténgity (the growth cate
of capital less hours at work weighted by capital's cost share),
and the contribution of laber composition (the growth mite of
labor composition weighted by labor’s cost share).

Labor productivity change thus results from two sources of
growth not included in multifactor productivity, changes in
capital intensity and changes in [shor composition. Provided
the quantity of capital per hour and the skill level of the work
force remains unchanged, labor productivity growth will
equal multifactor pradnctivity growth. As will be seen, both
capital intensity and labor composition have been increasing
over the last 42 years, and so labor productivity has been
growing at a faster pace than multifactor produoctiviry.

The meazure of multifactor productivity in equation B dif-
fers from earlier BLS measures (see Trends in Multifactar
Productivity, 1948-81). Previous multfactor productivity
measures, b, assumed a homogeneous labor input rather than

& The notion of separability of inputs in & proditction fueeiion = developed
in Emnst Berndt and Laurits Christensen, “The Internal Stricture of Funchon-
2] Relationships: Separabolity, Substiution, and Aggregation,” Review of
Economic Studies, Vol. 40, No. 3 (Tuly 19735 pp, 403410,

a Torngvist index of labor input, and its relationship to Tabar
productivity is slightly different than that found in equation 8.

9)q-H=h+s5 (k- H)

Equation @ implics that measures of multifactor productiv-
ity change based on homogeneous hours, b, include the effect
of changes in labor composition, The measures of multifactor
productivity based on weighied lnbor inpur in equation 8, a,
wreat changes inlabor composition as a separate effeet, and so
ihe measures of multifactor productivity presented in this bul-
letin exclude the effect of labor composition. Formally, the
growth rate of the weighted-labor-bused measure of moltifac-
tor produoctivity, a, is the difference between the growth rates
of the homogeneous-labor-based measure of multifactor pro-
ductivity, b, and the contribution of labor composition. s;* ¢

10ja=h-5%¢

Sources of labor productivity growth in private
business

Equation B provides an accounting framework for idantify-
ing sources of labor productivity growth. Since thers are no
measures of capital input for government enterprises, these
enterprises are excluded from both the Tabor and multifacior
productivity measures. As such, private business is the broad-
est sector availahle for consistent measurement of hoth labor
and multifactor prodoctivity. For the entive period 1948-90,
labor productivity increased 2.2 pereent annually in private
business. Table 23 shows the annual contnbutions of changes
in labor composition, capital intensity, and multifactor pro-
ductivity tochangesin labor productivity in private business,’

Changes in the edocation, work experience, and sex com-
posiuon of the work foree have contnbuted modestly 1o labor
productivity. From 1948 to 1990, shifts in the compaosilion of
the work foree contributed (1.2 percentage point o the 2.2 per-
cent annual average growth raie of lahor productivity m the
private bosimess seclor. On average, then, labor compesilion
accounis for 9 percent of the increase in labor productivity.

Table 23. Sources of labor productivity growth in private
business, 1948-90 and selecled periods’

(Fercant per year)
Maaslire 1848-80 | 1948-73 | 1873-79 | 197280

Outpul parhour ... .. 22 a1 0B 0o
Contribution of:

Lahar composition . . - = 2 ! a

Cxpital intensity . ... . o 11 B 5

Mullifactor

proguchivity . ....o. 141 18 A 0

'Exeludes governmenl enlerprises.
MNOTE: ‘Conlrbutions may not sum to oulput per hour dueg o
rounding.

T Tables 23, 26, and 27 show muliifictor predoctivity (MFP) measures net
of the effect of labor composihon. MEF measures are penndically updared.
zod in the foture, MFP measures will be presented either gross or net of labor
compasitton chunge depending on the pumpose of fumre presenaions,



Increases in the index of labor composition reflect changes
in the educational attainment and level of work experience of
the work force. Even though an exact decomposition of the
separate contributions of education and experence is not
possible, it appears likely that Jabor productivity growth was
aided by increases in educational attainment while being hin-
dered by declining levels of estimated work experience® In
the private business sector, the mean level of educational at-
tainment For men rose from 9.3 years in 1948 to 13.0 years in
1990. Similarly, educational attainment of women increased
from 9.9 to 13.0 years over the same penod, The average
number of years of estimaled work experience for men fell
from 18,8 yearsin 1948 to 17,8 years in 1990, while the aver-
age work experience for women fell slightly from 12.4 1o
12.1 years. For all workers, the average level of estimated
work experience declined from 17.4 vears in 1948 1o 15.6
years in 1990,

Capital intensity, or capital services per hour at work, in-
creased at the annual rate of 2.7 percent for the period
1948-90. When weighted by capital’s share of cost (about a
third), the contribution of capital intensity added 0.9 percent-
age point 1o the growih rate of outpul per hour for the entire
period. As a result, changes in capital intensity account for
about40 percent of the growth of lsbor productivity in the pri-
vate business sector.

Multifactor productivity 15 the Jargest single source of [a-
bor productivity growth, Multifactor productivity increased
1.1 percent annually during the postwar period and contrib-
uted the same amount ko output per hour. The increase in mul-
tifactor productivity accounts for half of the increase in labor
productivity. Tables 26 and 27 present the index and percent-
age change for multfactor productivity as well as indexes for
capital services, labor services, and labor composition for pri-
vale business.

Changes in the growth rate of labor productivity

As shown in chart 9, the 2,2-percent annual average in-
crease in private business labor productivity masked some
sharp changes that occurred over the period. From 1948 to
1973, labor productivity increased 3.1 percent annually. Be-
tween 1973 and 1979, labor productivity grew at an annual
rate of only 0.8 percent. In the most recent period, from 1979
to 1990, the growth rate of labor productivity continued at a
sluggish pace of 0.9 percent per year.

In addition, labor composition can explain only a small
portion of the slowdown. Before 1973, increases in workers”
skills contributed 0.2 percentage point to the Iabor productiv-
ity growth rate, but during the 1973-79 period, the growih of
labor composition stalled and did not contribute o productiv-
ity growth. The 0.2 percentage point drop in lsbor composi-
tion growth explains 9 percent of the 2.2-percentage-paint
slowdown in labor productivity growth (chart 10). For the
mostrecent period 1979-90, Tabor composition has addsd 0.4

# See appendix H for a discussion of the limitations af decomposing bor
composition growth into separate contribution: of education and experiEnoe,

T
=]

percentage poinl to the growth rate of output per hour, and it is
a source of faster rather than slower labor productivity
growih,

Changes in capital intensity also contributed to the siow-
down in productivity growth. Prior to 1973, capital intensity
contributed 1.1 percent annually to the griwth rate of outpol
per hourin the private business sector. During the 197 3-79 pe-
riod, capital intensity added only 0.6 percent. The 01, 5-per-
centage-point decline explains less than 20 percent of the pro-
ductivity slowdown. After 1979, the conlribution of capital
intensiry declined further to 0.5 percentage point.

The mate of growth of multifactor productivity dezlined
sharply after 1973, and it is the most important souree of (he
lsbor prodoctivity slowdown. Multifactor prodoctivity in-
creased 1.8 percent anmally before 1973, but increased only
0.1 percent annually from 1973 to 1979, The 1.7-peroentage-
point slowdown in the annual growth rate accoums for more
than three-quarters of the labor productivity slowdown dur-
ing the 1973-79 period. During the most recent period, multi-
factor productivity did not increase and continues to be the
single most imporiant souree of continuing slow Tabor pro-
duetivity growth.

Sources of labor productivity growth in private
nonfarm business

Table 24 shows essentinlly the same pattern for productiv-
ity rends in the private nonfarm business sector as seen in the
business sector, Labor productivity 1n nonfarm business dur-
g the last 42 years prew st a slightly slower pace of 1.8 per-
centannually. Labor composition added 0.2 percentage point
ta the growth rate of output per hour and accounted for aboul
10 percent of the laborproductivity increase. Capitalintensity
grew 2.5 percent annoally and contriboted (0.8 percentage
point ta the Iabor productivity growih rate or more than 40
percent of the growth in labor productivity, Muldfscror pro-
ductivity growth contributed as much as capital intensily. ad-
ding 0.8 percentage point to the growth rate of labor produc-
tivity or more than 40 percent of the increase in ontput per
hour,

The growth rate of labor producuvity slowed from 2.5 per-
cent prior 1o 1973 to just 0.6 percent in the 1973-79 period in

Table 24. Sources of labor productivity growth in private
nonfarm business, 1948-90 and sefected periods’
(Percant per yzar)

Measure 124890 | 1946-73 | 1973-79 | 1979-30
Crutput per hour ... ... 1.8 25 0.6 &7
Contribution of:
Labor compasition . . . 2 2 0 q
Capital infensity .., .. a8 a8 & 5
Multitactor
produstivity .. ..., 8 15 e] =1

! Excludes govemment enlerprises.
NOTE: Contrlbutions may not sum to output per holr due o
rounding.



Chart 9. Sources of labor productivity
growth in private business, 1948-90

Average annual growth rate

3

25

2

1.5

0.5

Bw v B & Lt Baslabon

........................................................

........................................................

........................................................

.

1948-90 1948-73 1973-79 1979-80
Pariod
Multifactor P77 Capital Labar
productivity 222 intansity compositian

Chart 10. Contribution to changes in
labor productivity growth rates in
private business, 1948-90

Percentage point Percentage point

contribution to contribution to

the 1948-73 slowdown the 1973-80 slowdown
Dlums el B Composition B Capital intensity [J MFP

28




private nonfarm business (chart 11). Labor composition ac-
counted for 0.2 percentage point or aboul 10 percent of the
1.9-percent slowdown in output per hour (chart 12). After in-
ereasing at an annual rate of 1.5 percent prior to 1973, mult-
faclor productivity did not change between 1973 and 1979
The 1.5-percentage-point dechine in the growth rate of multi-
factor productivity sccounted for the vast majonty, more than
75 percent, of the slowdown in cutput per hour, Capital inten-
sity contributed 0.3 percentage point or 13 percent o the
slower growth.

Since 1979, the labor productivity growth rate in private
nonfarm business has increased slowly, 0.7 percent per year.
Lahor composition grew at its fastest rate of the postwar peri-
od but still contributed only 0.4 percentage point annually.
Capital intensity added (0.5 percentage point to the growth rate
of output per hour, while multifactor productivity declined
0.1 percentage point. As a result of these changes, changes in
labor composition were more than able to offset further de-
clines in the contributions of multifactor productivity and
capital intensity. Tables 28 and 29 provide indexes and per-
centage changes for multifactor productivity measures and
factor inputs for private nonfarm business.

Relationship between factor prices and output per
hour

Changes n the cost of lsbor can influence the demand for
labor. In a competitive economy, firms act as price-takers and

attempt to mmirmize the cost of production al the prevailing
factor prices. Relative factor prices, in particular the cost of
capital relative to the cost of labor, can change due to shifts in
the supply of labor and capital or nonneytral iechnical change.
Cost minimization implies a refationship between factor
prices and their relative demand. The upper half of table 25
shows that adjosted houdly compensation (average hourly
compensaion divided by the index of lsbar composition) has
consisiently grown faster than the price of capital services.
For the entire period, adjusted hourly compensation grew at
an annual rate of 6.0 percent, while the price of capital ser-
vices increased 2.9 percent annually, The relative price of
capital to labor declined 3.1 percent anmially, The lower haif
oftable 25 shows that firms have increased ther use of capital
services at a faster pace than Jabor input. Annual increases in
capital services averaged 3.7 percenl, while labor grew only
1.3 percent. Capital intensity increased at an anmmal rate of 2.4
percent.

Increases in capilal imtensity have slowed concumrently
with increasingly smaller declines in the relative factor
prices. Relative factor prices declined 4.0 percent anmually
before 1973, but during the next 6 years refative factor prices
declined at the rate of only 2.6 percent. Since 1979 the relative
price of capital to labor has continued to decline but at an even
slower rate of 1.3 percent, Similarly, capital intensity, which
increased 3.0 percent annually prior to 1973, rose 2.0 percent
annually from 1973 1o 1979, After 1979, the growth rate of
capital intensity slowed forther to 1.3 percent.

Table 25. Relationship between changes in factor prices and changes in factor inpuls in private business,

1548-30 and selected perfods
(FPercent par year)
Change Change
1948.-73 1873-79
Meazure 1945-20 1948-73 197378 19745-80 [s] =]
i 12) 13} () 1573-78 197850
3)-(2} {4)-(3)
Factor prices
Capital services ... cociiiood 29 17 6.5 as 4.8 2.7
Laborsenices® .. o... ..o .. 6.0 5.7 9.1 5.1 3.4 -4.0
Ratio of price of capital
to price oflaber® ..., .. ki -3.1 4.0 28 -1.3 «14 -1.3
Factor inputs
Caplalservices .......ovvapanis ar 3.9 aB 3.3 -1 -5
Laborservices® ..., .0 iaiiad 1.3 el 18 20 5 2
Halio of capital
o labor zemvices ... ... ... 2.4 3.0 2.0 13 -1.0 -

1 implicit price of capital =arvices in private husiness defined as cap-
il compensation divided by the Tomgvist index of eapltal serices.

2 Hourly compensation of all persons adiusted for changing com-
position of the privale business work foroa.

28

3 The ratic of the implicit price of capiial services to adjusted hourly
compensalian.
4 Tomaquist index of labor input,



Chart 11. Sources of labor productivity growth

in private nonfarm business, 1948-90
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Table 26. Privale business sector: Productivity and relsted measures, 1946-901

Indexes 1982=100
Productivity Factor inputs Labar
Year Outputper | Multifactar Cutput? Labar Capital  [Combined unlie| Hours of
hour ofall | productivity® input? services® | oflaborand | all persons? | Composilion®
persons capital inputs®
1848 .. .. - 445 B6.7 iz F T30 270 53.4 BO.0 891.3
TR 452 6.0 349 712 276 52.8 77.8 91.5
i1 | (LR 481 70.7 38.3 718 2848 542 78.1 D22
5|2y AENE e 509 T&S 40.9 74.1 ang BG4 80.2 82.4
1O i 52.9 749 42 .4 4.2 a1.8 LT BO.1 92.7
106, .. iaiin T 54.6 756 44.1 Ta.4 32.8 8.3 EDB 934
1954 L ininons e 55.0 758 437 T34 235 57,7 T8 94.0
TR L., o sspas Br.8 TB3 46.5 76,3 4.8 599 B1.0 842
p o S 58.7 78.6 482 7.6 36.3 61.4 gz2 044
THE v cvs vaain 60.4 704 48.9 T6.6 are 61.5 80,8 94.8
1958 . P 62.4 BO.O 48.0 733 38.3 80.1 TT0 o532
1859... N 4.0 B2.3 5.2 TE2 39.3 622 a0.0 853
TEED i v s 65.1 82.6 52.0 T6.6 40.5 63,0 80.0 85.8
{7 1 R 67.6 84.4 532 75.8 41.5 63.0 787 96.3
TR s i e 70.0 86.3 55,9 T3 428 64.7 789 g7.2
1963 oz o, 728 BB.Q 58.5 78,2 443 658 80.3 a7.4
10 ) aabpleniy 761 g2.2 2.0 794 461 67.3 8156 875
1965 ,.... S 782 94.2 65.7 81.9 48.3 E9.8 B4 974
19665 . . 80.3 957 691 BT 51.2 722 BE.O 97.3
1967 5 owaie PR H2.4 9.3 T0.7 B36 541 734 B5.7 a7.5
1968 .... 85.0 98.5 738 845 06,7 75.0 BE.B a7.3
1088 .. iy hen 85.5 98.0 76.1 88.9 59.4 776 89,0 977
1870 N L BE.B 97.3 75.7 85.5 G621 VT B7.2 23.1
Lo 7 R, 89.7 99.6 e 849 4.4 782 86.8 o7.B
1972 .. i 925 102.4 B2.82 878 689 B1.0 8.7 ar.8
1873 csreinpia 44.9 104.8 ga.z2 80.7 04 B4.1 oz.9 87.6
g 020 JRRE e 932 1010 B86.5 a1. a8 BE.T 929 98.3
5 g AT ——" 054 101.0 B4.9 BY.4 764 B4.0 85.9 898.3
TEM i - 99.2 1042 B99 £8.8 TBE B86.3 81.5 ag.1
107 csvnsminsn 89.8 1061 84.9 B33 B1:A 89.5 895.1 981
1978 -iuvas s 100.4 106.9 100.1 98.0 B4.3 83,7 Bay 98.2
|t O 983 105.6 1022 100.8 E3.0 95.8 102.9 g7.8
1900 - e 58.5 102.7 100.4 1007 Bz.5 97.8 101.9 88.2
AER - e 89.8 1023 102.4 101.8 BE.G 100.0 1026 80.0
1982 = pacneipas 100.0 100.0 100.0 100.0 100.0 100.0 1000 100.0
1983 .. 2 102.3 1018 1042 1022 102.4 102.3 101.8 100.4
THRA . e ot bk 1047 104.8 1128 1083 106.0 1067 6 107.7 100.5
19285 i 106.3 1087 1168 a8 1109 110.6 i0B.a 100.8
TOBE .o . 108.5 1068.5 120.1 120 1142 1127 110.6 101.3
198 T pras. 109.6 1076 125.0 115.8 117.4 1163 114.0 1016
T e pys 110.6 10814 1304 1207 1204 1206 T17.9 102.4
I s s 108y 106.9 132.6 1244 1232 1240 12089 1029
1080l s s 110.0 106.1 133.0 125.0 126.0 1253 120.9 103.4
See footnotes following table 28.

Source: Bureau of Labor Statistics
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Table 27. Private business sector: Produetivity and related measures, 1949-907

(Parcanl change)
Productivity Factor Inputs Labor
‘aar Cutpul per | Multifactor Outputs Labar Capital  (Combined units|  Hours of
hourofall | productivity? input? services® | of laborand | all persons” | Composition®
persons capital inputs®

1949 | u L 1.6 -1.1 -1.9 32 2.4 -0.8 =34 0.2
1950 . ... = BB 7.2 8.7 1.8 4.7 23 1.0 B
Loy [t < ) 2.4 66 31 B0 4.1 2.8 3
TN % o 2w e 2o ae 2.3 &7 . | 37 1.3 -1 3
TR sy i 3z 2.0 41 1.6 31 21 - ) i)
1 £ S TR 2.6 o3 =9 2.6 2.3 =1.1 3.4 i)
y e e 34 a2 T2 a8 38 a8 3.7 2
r]: L, 1.3 3 25 1.6 4.3 25 1.5 2
18T o eate 28 11 1.3 -12 35 2 -1.6 4
1958 .. .. Z 3.2 i) 1.7 -4.4 21 2.4 4.8 4
P i 2.7 2.8 6.6 39 26 a6 3.4 A
1), o A 1.6 3 1.7 g 31 1.3 .0 k]
JO6% ..wcgiob e 3a 22 21 -1.2 2.3 0 1.7 K
1962 ea: piie s a5 2.4 52 25 a3 27 1.6 A
2 1o AT 4.2 3.0 4.7 g as 16 5 -
o964 ... L.l 4.4 3.6 60 1.6 o9 23 L5 0
i 1 W a7 2.2 6.0 3.0 50 ar 31 -1
1Y, 5 R 2.8 1.6 5 2z 6.0 3.4 23 -0
P, O S, 2.6 B a2 -2 5.6 16 =3 g
POEE o i raa s 31 2.2 4.5 1.3 4.7 2.3 14 -
i 1 o R - -5 3.0 2.8 4.9 34 Z4 A
1 o R 15 -7 -5 =1.5 4.4 2 18 A
1971. % 34 23 29 -8 3B B -5 =3
TR o ap gl 31 20 6.5 3.3 3.9 36 3.3 0
FFS i ainais - e 2.6 2.4 5.3 34 59 3.9 a6 -2
6 =7 PO b -1.8 A7 -1.8 7 5.0 2.0 0 g
£ I i 24 M 20 4.2 3.4 -2.0 4.2 0
TO76 oo 5 29 an 59 2.5 27 27 2.9 -2
1977 .. 1.6 1.8 5.6 39 33 3.7 38 L
18F8 Laia & a 55 5.0 4.0 4.7 4.9 -1
j =17 F R g o =1.2 2.0 2.8 4.3 a3 32 -3
1L R A =7 2.7 =1.7 -B 51 1.0 -1.0 A
1881.... 1.3 -4 240 1.8 45 2.3 o 8
1882 s - ' 2 2.3 -2.3 =1.5 3.5 .0 -2.5 1.0
e, ... wikgnds 2.3 1.8 4.2 2.2 2.4 23 1.8 A
TR & g 2.4 29 B2 59 a5 h2 5.8 A
TOBE e o 1.5 B 38 2.4 3.8 2.8 21 2
1586 . . ok 21 A 2.8 1.2 a7 1.9 s o
THBYT: ¢ s sars 1.0 g 41 3.3 2.8 3.2 <y | 2
18B8.. 5 A B 4.3 asa 2.5 a7 3.0 g8
B R -8 =11 1.7 2.0 25 29 2.5 5
TN i s apret a3 -8 -3 11 2.2 1.0 B 5

Ses footnotes following table 29.
Source: Bureay of Labor Statistics
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Table 28. Private nonfarm business sector: Productivity and related measures, 1948-907

Indexes 7982=100

Productivity Factor inputs Labor
Year Outputper | Multifactor Output® Labor Capilal  |Combined unitst  Hours of
hour of all | productiving® Input® senvices® | oflaborand | all persons’ | Compasition®
pErSons capital inputs®

1848 . iisanian 51.6 73.8 35.0 G626 252 47 4 67.B 023
|17 52.8 738 343 60.1 25.7 45.5 651 824
1850 P 562 78.0 3T 623 269 48.4 67.1 928
s DO 57.6 79.4 40.4 5.2 28.6 50.9 70.2 a2 8
TR i, 59.3 BO.6 41.9 66.3 29.7 52.0 T0.7 235
- | - TR . B0.2 B1.2 438 68.3 306 537 725 94.3
1954 .. A 618 B1.5 43.2 G6.4 314 53.0 59,9 94.9
g 1 63.8 84.0 45.4 B8.2 326 553 728 851
TOBB: i ry &4.1 B3.8 47.B 711 341 573 7486 953
1900 e apnass 65.4 84.1 48.5 1.0 35.4 7.7 744 258
G | £ 7 67.3 B4.6 47.7 68.0 362 56.4 709 55.9
1959 :u.uiinins 68.8 86.9 50.8 7.0 arz 586 74.0 GE.0
o i 69.6 87.0 517 71.4 8.4 584 744 960
g [0 AR 718 BB.A4 52.8 712 39.4 508 735 96.9
982 s il 74.2 o0.2 5hE 734 408 B1.7 75.0 o7.8
1863 ... F 769 926 5B.3 744 423 B3.0 758 5B
1964 .... " 728 95.5 619 761 44.0 64.8 iT.e 58.0
YBBE 5 i s mime 6o 1.6 7.3 B5.6 B8 46,3 Gr.B 80.5 o979
VRS 83.1 SE4 69.2 81.3 482 T0.3 B32 o7.T
2 ;- 849 . 98.8 T0.6 B1.3 52,1 1.5 B3.2 87T
f - o PR T 875 101.0 4.0 B2.43 54.7 7a.2 B4.5 97.4
f 12/ 87.5 1001 TE.A B5.1 575 761 87.0 078
10 ey Srd® 885 891 Fi-X E4.0 60.2 764 53.5 882
p L2 e, .3 101.2 778 B35 62.6 r.o 85.3 o749
r L e RS R 840 1044 B3.0 BG4 B5.2 7.7 g8.2 a7.9
THER i eiwn 96.4 106.4 B8.4 B9.6 EB.T 83.1 9.7 a7.7
TR e iy i 84.5 1023 BE.7 850.2 724 B4 7 91.7 Ga.4
1 A 08.7 1023 B840 BE.4 750 B3.0 B7.8 98.4
1976 . ievenns 902 1083 80.0 B9.0 ire B5.5 a0.7 98,1
BT aiec i e 100.6 106.9 851 B2y BO.D Ba.o 245 2a8.1
b e iy 101.3 107.9 100.6 av.5 B34 932 993 8982
MW e figa 988 1061 102.6 1005 BY.6 96.7 1027 47.8
VOB b5 vt S 98.0 1032 100.8 100.0 82.0 are 101.8 98.2
2L MR . 298 102.4 1024 101.5 853 100.0 102.6 98.9
1882, . v azas 100.0 100.0 1000 100.0 100.0 1000 100.0 100.0
FEBE . s e 102.5 102.0 104.5 1024 102.6 1024 102.0 1004
1984 ... o 104.6 104.8 1132 108.7 106.4 108.0 108.2 100.4
i) - P 1055 105.0 117.0 111.8 111.0 1114 110.8 1007
1SER e i o 107.6 105.7 120.2 1181 115.2 13y 1.7 101.3
VA e h e & 1085 106.5 1252 1ra 118.7 7.6 1154 131.5
TBBEB o ruaiaa 1094 107.0 130.8 122.2 122.0 1222 8.5 102.3
V8B . enrraae 108.3 1055 133.0 1262 125.4 1259 122.8 102.8
1880 ] 108.3 104.5 1331 127.0 1283 127 4 1224 103.3

See foolnotes following tabla 29,

Source: Bureau of Lebor Statistics
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Table 29. Private nonfarm business sector: Productivity and related measures, 1942-90"

(Parcant changs)
Produciivity Faclor iInpuis Labar
Year Oulpul per | Multifaclor Cutput? Labar Capital  [Combined unlis| Hours of
hour ot all | productivin? input? senices® | oflaborand | all persons? | Composition®
persons capital inputs®

[ 2.3 0.0 18 -3.8 21 1.8 -4.0 DA
PO = o aice miny 6.8 5.7 98 3.6 a7 4.0 3.1 -]
W i i 24 1.8 71 4.6 62 B2 4.6 ]
1868 _caiqiis 29 1.5 3.8 15 3.8 22 8 T
L1 16 i 41 38 a3 33 25 B
Lo RS P 26 A -1.0 2.8 23 -1.a -3.5 i
TEO oo mian= e iz 3.0 T4 4.4 41 4.3 4.1 2
1B e e s e B -2 30 2.6 4.6 a3 25 2
1857 ... i 21 A 1.4 - .7 1.1 -6 3
195§ ... k= 28 8 o 11 -4.2 22 =23 -4.4 & |
1859 _-:cochie 23 27 &8 45 28 3.8 4.4 |
TR s 14 2 1.6 B 33 14 ] A
gi ] G e 34 1.5 21 -3 25 B -1.2 1.0
TEER , onics s 0 | 2.0 5.3 3.1 3.5 3z 2.1 1.0
g1, e aT 27T 4.7 1.2 s 4 2.0 1.0 2
e e 38 32 G2 2.3 4.0 29 2.3 0
fi, . - PRRREITE s 23 18 6.1 36 52 4.1 W -1
el 1.8 11 53 32 63 4.2 3.4 -2
TEE oy 22 4 2z 0 58 1.B =1 0
T iy 3.0 23 4.7 13 4.9 2.4 1.6 -3
1008 oy sy 0 -1.0 29 34 5.2 38 3.0 4
1970 . e 1.1 =1.0 -G -1.3 4.7 A -1.7 4
1978 .- es Rt 3.2 2.1 28 - 39 o -3 -4
p 7 L 3.0 28 6% 34 41 36 3.5 0
j L7~ PO 25 22 E5 3.8 54 4.2 39 -2
Wk et sis 1.8 -38 13 T 54 20 0 frid
1975 .. it 23 0 21 -4.3 3.6 -2 -4.3 o
0TS 2.6 29 &.0 3.0 249 3.0 33 -3
r ! A Wy 1.4 16 57 4.2 as 4.0 4.2 0
|y R o & ) 58 5.1 43 4.9 51 5]
p117 - TR 1.4 -16 20 3.1 50 37 35 -3
1980 - -8 2.7 -1.8 B 5.0 1.0 =8 A
T9BY (ecepeviagt .8 -8 1.6 1.6 4.7 2.4 B g B
o Ry 2 24 24 45 38 0 25 1.1
1o B 25 20 45 2.4 25 24 20 A4
1984 .. Fon 21 27 8.3 8.1 38 54 B.1 3
1985 . A ] 2 34 27 4.3 32 25 2
1966 -« isgs 20 g 28 1.4 38 21 A B
AT poi anh i B 3 4.1 3.5 3.0 34 3.3 2
122 - R B B 45 4.4 28 3.9 35 B
|-, 12 PR -1.0 =14 1.7 3.3 2.7 3.1 2.7 =
p bt K 0 -1.0 i | B 23 11 i .-

Footnotes, tables 26-23.

Source; Outpul data are frem the Bureau of Economic Analysis
(BEA), U.S. Depariment of Commerce, and the Federal Reserve
Board. Compensation and hours data are from the Bureau of Labor
Statistics, U.S. Depariment of Labor, and BEA. Capilal measures are
Elased on data supplied by BEA and the L8, Department of Agricul-

re.

! The private business sectorincludes all of Gross Mational Product
except the outplt of general govemment, govemmenl enlerprises,
nanprofit nstitutions, the rest-of-the-world sector, the rental valie of
owner-occupied real estate, the output of paid employees of privats
households, and the statistical in computing the natioral
Income and product accounts. The private nonfamm business sector
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als0 excludes farms but includes agriculturs! services.

2 Quitpul per unit of combined labor and capital inputs,
: 3 Grozs Domestic Product originating in the sectar, in constant dal-
ars,

4 A labor compensation share weighted average of all iours classi-
fied by education, work experance, and sex.

= A measure of the flow of capital services used in the sector.

B Hours at work of all persons combined with capihtal input, using la-
bor's and capital's shares of costs as weinhis.

7 Hours at work of all persons including employees, propriglors, and
unralc! family workers engaged in the sector

A measure of the contribution 1 labar inpul of changes in the dis-

tribution of workers by edutation, work experience, and sex.



Summary

In chapter IT, removing the assumption that workers are ho-
mogeneous led to a measore of weighted labor input which is
the sum of total hours and labor composition. Inthischapter, a
growth accounting framework has been introduced which
demonstrates that the contribution of labor input to output
growth can be measured as the product of the growth rate of
weighted laborinput and Iabor's share of total costs. This con-
tribution can be divided into two componenis: the contribu-
tion of total hoors and the contribution of changing education,
work experience, and sex composition of the work force. La-
bor composition contributes equally to both output and labor
productivity.

Output per hour grew at an annual rate of 2.2 percent in the
private business sector and | 8 percent in the private nonfarm
sector between 1948 and 1990. Charts 9 and 11 summarize the
sources of labor productivity growth.? Changes in lsbor com-
position contributed about one-tenth of the growth in labor

productivity, About half of the growth of productivity is ac-
counted for by increases in multifactor productivity. The
growth of capital intensity accounted for the remainder.

The rate of labor productivity growth slowed after 1973,
Muost of this slowdown can be attributed to slower multifactor
productivity growth which has stagnated since 1973. The
growth rate of labor composition declined during the 1973-79
period and so accounted for approximately one-tenth of the
slowdown. Since 1979, the growth rate of labor prodoctivity
has contimued its weak performance, The slightly faster Iabor
productivity growih is due to more rapid growth in labor com-
position which more than offset further declines in the con-
tributions of multifsctor productivity and capital intensity.

¥ In this bulletin, multifactor productivity, capital, and labor composition
are identified as three sonrces of labor productvity mrowth, A more detailed
decomposition of lebor productivity growih might have revealed other m-
portint sourses of labor prodoctivity growih,



Appendix A: The Labor Composition Model

The measurement of labor composition is part of a continu-
ing Bureau of Labor Statistics (BLS) effort to identify and
measure sources of Iabor productivity growth. Labor com-
position extends the measurement of labor input and produc-
tivity change because labor input is now based on a more de-
tuiled model of production than previcusly used by the BLS
(see Trendy in Multifactor Producrivity, 1948-87), Rather
than simply identifying lsbor input with hours, labor services
are permitted to vary across workers. The measurement of Is-
bor input and labor composition effectively requires workers
to be partiboned into distinet groups and measurement of the
hours and associated costs for each type of worker.

The measures developed in this bulletin show how changes
in the composition of the work force affect labor inpuot and,
ultimately, productivity, The composition of the work force
has changed in many ways, but this study focuses solely on
changes in the educational attsinment and work experience of
both men and women. While other charactenistics of the work
force could have been added to the sudy and resulted in a
broader measure of Tabor composition change, the sources of
labor composition change would have been less clear, Ac-
cordingly, this study has narmowed its focus so that the impact
of fsing educatnonal atainment, the baby boom and subse-
quent baby bust, and rising female labor force paricipation
rales on measures of labor input and productivity can be ¢x-
pmined.

This appendix begins with a bref review of the growth ac-
counting framework and the derivation of the Tomngvist index
of labor input. The remainder is devoted 1o 2 discussion of the
disaggregation of hours focusing primanly on determining
the set uf charactensiics that is most appropriste for panition-
ing workers.

Labor input index

A description of the production process can be summarized
by a mathematical statement known as a production function,
The production function deseribes how much output specific
quantities of capital and labor can generate. In previous BLS
muiltifactor productivity work (Bulletin 2178, cited above),
the production function was assumed 1o be;

{]}q=ttk]+l~~+kan1t]

where output gis generated by n types of capital input, ky, .,
Ka, @ single type of labor input, H, and the technology avail-
able at ime 1.

In the production function described by equation 1, cutpul
stays the same regardless of who performs the work. For ex-

K1)

ample, replacing a high school graduate with a college gradu-
ate or a young worker with an expenenced worker would
leave optput unchanged, In effect, the production function
treals labor a< 8 homogeneous input and ignores productive
differences among workers,

The labor composition model is formed by generalizing
equition 1 16 permil numerous types of labor input. This can
be written as:

{2}q=g&17r-rrh|11hlllr~|hmil]

where output q is generated by n types of capital inputs, ky , ..,
¥ , m types of labor inputs, by , . . . . hiy, 8nd the lechnology
available at time t. The production fupction in equation 2 al-
lows each type of lahorinput to have s unique effecton output.
Therefore, when differences in workers do significantly affect
putput, equation 2 represents the prodoction function better
than equation 1.

The growth accounting framework relates the growth rate
of outpult ta the growth rates of each inpul and productivity in
a manner consistent with the most peneral description of
equation 2. By taking the logarithm and then the denvative
with respect 1o time, equation 2 can be expressed in terms of
growth rates;

(3) Ofq =ag/iky * Ka/ky +. ..+ 0g/aka * Kby
+dgldhy * hyhy + ..+ dg/dhg * hpfhy + AJA

For any input X}, the dot notation such as % y/x; denotes the
prowth rale of the variable xy. The term égfdh) refers to the
partial decivative of the logarithm of the production function
with respect to an input such as hy. This 1s also known as the
outpul elasticity, which measures the percentage change in
outpot for a 1-percent change in an input. The effect of multi-
factor productivity on output is measured by the partial denv-
ative of the log of the production function with respect w
time, dglit * 1/g. Rather than using this cumbersome nota-
tion, a conumon convention is to express the growth rate of
multifactor productivity using the shorthand term, AJA.

Rearmanging equation 3 yields an ex pression forthe growth
rate of multifactor productivity.

(4) p‘.\_,rﬁ = ci.l'q - Fig.n'f_liri b IE].I’ kj—...— ﬁ'gfffkn » ﬁnfkn
= agfdhy * hyfhy = .~ dgldhy * hybm

The outpt elasticities cannot be directly observed.
Instead, it is assumed that the production function exhibits
constant retums 1o scale and that factor input markets are in



competitive equilibrivm. By further assuming cost minimiz-
ing behavior, one can demonstrate that each factor's outpul
elasticity will equal its share of total costs. Designating s, and
spj as factor shares for capital and labor inputs, respectively,
equation 4 can be writlen as:

(5) AJA = dilq — i1 * Kalky = .. — 5gn * Kk
—=5n1 ¥ hihi+. o= Sam * Bl

where the factor costs shares are:

s1a = Pl ™ ki/Zjj (Pi " ki + Py " hy)
sty = Prj * hy/Zij (Pai * ki + Py * hyj)

and Py; and Py; are the prices of capital and labor services for
the i asset and the ' type of Iabor, and k; and by are quantities
of those capital and labor services.

Assoming separshility of inputs and Hicks neutral techni-
cal change permits meaningful and unambiguous ageregates
of capital and labor input. Thatis, ageregates of labtrand cap-
ital can be written as:

(6a) LIL =s11 * B/l + . .+ S * By
(6b) KK = s¢1 * Eyf/ky + .- + 8¢y * kylky

where sy, is the share of labor compensation paid to the i'™ la-
bor inputrather than the share of fotal cosr vsed in equation 5,
and similarly, 5. 15 the capital costs share rather than total cost
share. Equation 5 can be now wrilten more simply,

(7) AJA =000 -5 * KiK —5) * L/L

where 51 and 5y, are labor's and capital’s shares of total costs.

To implement equation 7, a specific form of the prodoction
funetion (equation 2} must be chosen. The translog function
imposes less resirictive assumplions thao other common
functional forms such as the Cobb-Douglag or eonstant elas-
ticity of substitution (CES) production functions.! Diewert
has shown that certain index nomber formulas sre consistent
with particular functional forms of the production function. In
particular, the Torngyist index, which is consistent with the
translog production function, belongs to a class of so-called
“superlative” index number formulas.? That is, changes in
output consistent with the very general translog production
function are exactly measured by changes m Tomgvist m-
dexes. Other index number formulas such as fixed weight in-
dexes have been shown to be consistent with more restrictive
production functions. Use of fixed weight index number for-
mulas such as the Paasche or Lespeyres can result in an index
of an aggregale which contains a very substantizl “index

| Chiristensen., Jorgensen, and Lan (1973) demenstraee lhe advanizpes ol a
tranglog prodietion function,

% See Digwert (1976) for a derivation of the relationship between translog
prviuction functions and Tomgyist index numbers, See Caves, Christensen,

11'.1& Diewert (1982) and Denny and Fuss (1983 for 2 discussion of some li-
mulntinns and restrictions of the Tormgise index.

number bias,” especially during periods of rapid change in in-
put prices or guantities. Accordingly, changes in multifactor
productivity as well as aggregate labor and capital inputs are
measured with Tomgvist indexes. Instantaneous growth
tates, such as L/L, must be replaced by annnal rates of change.
In the Tomgvist index nnmber formuls, these are measured as
differences in successive natural logarithms, thatis, Aln L =
InLy—1In Ly - y. Equations 6a and b are rewrillen as:

(8a) Aln L =Z; 1/2 * (55(1) + syi1-1)) Aln by
(8b) Aln K = Z; 172 * (5:(0 + 554(1-1)) Aln ky

and the Torngvistindex of multfuctor producuvity growthis:

(9) Aln A =AInQ
= 172 % (sp(t) +5t-1)) " Aln K
=12 * (5(1) +5(t-1)) * Aln L

Changes in the mndex of labor compositon, LC, are defined
us the difference between changesin the aggregate labor input
index, L, and the simple sum of the hours of all persons, H.

(NARLC = AmL-AlnH or

Aln L/H

ol

Labor compositon has an imporanlinterpretalion in lemns
of its role in explaining the differences between equations 1
and 2. BLS hag heretofore measured mulnfactor productivity
(MFP) growth (B/B) by applying steps analogous 1o equa-
tions 3 through % to equation 1 rather than equation 2. Hence,

(11} Aln B =Aln
=12 #* (st} + sp(t-1) Y Aln K
— 172 * (sit) + 5i(1-1)) * Aln H

It follows by companng equations 11 and 9 that:
(12) Aln B = Aln A +1/2 # (z(0) + 0-1)) * Aln LT

As Robert Solow (1958) pointed out, the term Aln B mes-
sures shufls over tmein the function fof equation 1, Similarly,
Aln A measures shifts in the function g in equation 2. There-
fore, previcus BLS MFF measures (Aln B) have two compa-
nenis; change due to shiftin the “correctly” specified function
g and change due to changes in labor compesition,

Interms ot this formal production theory, Aln A s preferred
becausa it corrects for a bias inherent in equation 1. Since So-
low s original adicle, however, the purpase of MFP measure-
ment hasusually been to sort out the sources of output per hour
growth. As Solow made clear, MFP will reflect the effects of
many Unspecificd influences including retums to scale and ca-
pacity ntilization, and will even reflect measurement errors in
both outputs and inputs. Therefore, Solow stressed an inter-
pretation of MFF measurement as a way of sorting out one of
the sources of ouiput per hour growth (capital). In ight of that,
the new MFP measure, AJA* is that part of B/B which cannot
be attribinted to changes in labor composition.



Increases in labor composition result from labor input
growing faster than total hours. The quantity of labor services
per hour is increasing whenever Aln L/H = 0. An increase in
the quantity of services per hour is consistent with an increase
in the marginal product of labor, that 1, an increase in the av-
erage of the marginal products of all workers.

As an example of this, imagine replacing one high school
graduate with ope college graduate. Because the college grad-
uale presurmably has a higher marginal product than the high
school gradoate (holding all else constant), the marginal
product of the work force will fse: As a result, each hour of
the higher paid college graduate is weighted more heavily
than an hour of the lower paid high school graduate in the
measures of labor input, Since the changes im howrs of the two
workers are symmeirical, weighting hours which are increas-
ing more heavily than hours which are declining leads to an
fncrease 1o labor input 48 cen be seen in equation 8a. By as-
sumption, total hours of all workers remain onchanged, and
swequation 10 shows that an increase in aggrepate labor input
without any change in total hoors will also produce an in-
crease in labor composition. Labor composition change can
thus be viewed az (he change in the average amount of labor
servioes associated with an hour of work,

Disaggregation of labar

For measuring labor input, a distinction could be made
when two groups of workers differ in their marginal products.
When labor markels sre competitive, earnings differences re-
flect differences in marginal products, In theory then, any ob-
served earnings difference between groups of labor inputs
Forms & basts for treating the groups separately. In practice,
there are far too many sources of carmmings differentials (o use
them all. In addition, some observed earnings differentials
are incompatible with a perfectly competitive lahor market?

Tt is impractical to disaggregate labor by every (or even
many } observable earnings difference. thus the measuremnent
of labor composition involves making some choices as to
which earnings differences to focus on. Workers may be
prouped in categones differentiated by vanous charactens-
tics. From the perspective of formal production theery, it
might be thonght desirable 10 group workers in such a way
that the “most important™ earnings differences are distin-
guished, Presumably that would yield a good approximation
to the “true” labor composition measure. Jorgenson, Gollop,
and Fraumeni (1987) have estimated labor composition using
avery large number of categories representing A cross-classi-
fication of five characteristice (age, education, class of work-
er, occupation, and sex) for each indusiry. From the perspec-
tive of preduction theory, this has the advantage that Tabor
compasition will reflect not enly the direct contnibution of the
specified characteristics, but also include the many effects of

3 For example, imperfect compstition Can oceur m labor markets when
there i discriminnlion or wwhen compamies of Tabor unions gain significan
miarket power
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correlated traits not specifically included within the frame-
waork. For example, the commibution of changing gender dis-
trbution to labor composition may also incorporate shifis in
the proportuon of workers working part time,

For this stndy, a somewhat different approach is adopted,
linked closely to the goal of explaining the sources of output
perhour growth, A comprehensive set of traits can lead 1o dif-
ficulties in 1dentifying sources of labor composition growth,
In the previous example, shifts in the proporion of pan-time
employment may be a source of lahor composition change
even though work schedules are nol a classifying characteris-
tic. Instead, this study narrows the foons in order o identify
and measure the effects on productivity of a specific known
set of factors. Thus, rather than partition MFP growth ('EIIE)
into two catch-all categories (“labor composition effects” and
“all pther sourcés of MFP growth'™), a lsbor composition mea-
sure 18 dieveloped that attermpts to dentify the separate effects
and mieracled effects on praductivity of changes in Lwo spe-
cific characteristics; education and work experience, Because
earnings of men and woemen differ markedly, the method 15
applied separately to each group.

Human capital model

Human capital theory is used inthis study as an orgamzing
principle for partitioning groups of workers. The huinan capi-
tal literature as well as the hedonic wage literature have re-
peatedly documented earnings differences by education and
work experience. Furthermore, the human capital model ties
these earnings differentials to differences in margmal prod-
ucts of workers in competitive labor markets.

The work of Becker (1975) on the theory of human capiral
best codifies the mole of education and on-the-job training in
Lthe acqmsiton of skills and earnings, In human capital theory,
skills are the uliimate source of worker productivity. Educa-
tion and training are the means for acguiring additnonal skills
beyond innate abilities. Firms offer higher wages becanse the:
additicnal skills embodied in Targer amounts af education and
training raise the marginal product of these workers above
those without such skills. Education and 1raining are an in-
vestment in which correnl eamings are foregone in favor of
higher future eamings. Workers presumably choose levels of
education and training which maximize the present dis-
counted valve of their eamings. The opumal guanuty of
education and training for & worker depends on the wages of-
fered by Frms for each level of education and training, the
waorker's ahility toacquire skills through edocation and train-
mg, the discount rate or market rate of interest, the expected
length afhis or her working life, and other factors, In long run
competitive equilibrium, differences in earmings by edocation
and traimmg reflect differences in marginal products, and the

4 Classic early studies of the human capits) model include 1. Mincer ( 1958)
and T. W Schuliz (1961}, Contribulions Tn hedemc prce indeses can be
Foamad in Z. Galichee (1971 ) anid 5. Rosen (1974)-



number of each type of worker reflects the oppormnity costs
of acquiring a given amount of education or training,”

This study, like all previons studies of lahor composition,
cross-classifies hours by edweation, work experience, and
sex. There are several surveys which colleet data on the
educational attainment and eamings ofindividuals, However,
data on training are tarely available, On-the-job traiming is
therefore not a practical characteristic for partiioning work-
ers. Mincer (1974) addressed this problem by developing a
wage miodel which nses work experience rather than training.
Hours are also partitioned by sex because many studies indi-
rate that the amouant of taining per vear of work expenence
may differ by sex (Ben-Porath, 1967; Weiss and Gronaw,
19%1: Mincer and Polachek, 1974; Sandell and Shapirg,
1980).7 Appendix D describes completely the collection of
the hours data for thas study.

To b sure, there are many other earnings dilferences be-
rween workers, and many of these relate fo differences in mar-
ginal products between workers. Two hughly investigated
sources of earnings differences are industrial and occupation-
al differentials. In Jorgenson, Gollop, and Fraumeni (1987), a
shifi of otherwise identical workers batween industnies pay-
ing different wage rates is treated as a change in efficiency due
to a reallocation of labor. This source of efficiency change is
not included in this study’s measures of lshor composition
and labor input. Instead, this source of elficiency remains in
the BLS multifactor productivity measures ® Oceupational
wage differentials have been shown 1o be significant and per-
sistent even after controlling for education and work experi-
ence.” Mamy explanations have been proposed for the cause
of these differentials, Some are consistent with a competitive
supply of labor, and some are not. Eegardless, competitive
firmos hiring workers will 51l equate the prevailing wage mate
with the valoe of the worker's marginal product, so veeupa-
tional differentials should reflect differences in niarginal
products,

Mevertheless, this stady does not partition hours hy oc-
cupation for several reasons. Oecupation and education are
highly correlated. Denison argued that edication is often a
prerequisite for enlance into an cccupation and that edoci-

3 An exeeption afises in the case of firm-specifie training, Tn such eases,
firmis nnd workers share the cost and reward to raming, and marginal prod-
uees rige fagter than wages =o that fimmis can recoup their investmant, Barfou,
Rlack, and Loewenstein (195%) attempt to meastre the differenee betwess
wages gl mangloal peeducts for & group of pewly hired, disadvamlaged
yooths. They find that produchivity nses al twice the rate of wages over the
first Tyears of employment with the firm;

T Previous studies of labor composition use age rather than experience di-
recily. This study uses & model to estimate the Javel of expenence far <ach
type of worker. The advantage of this approach is that some of (he sednctians
imposed on earlier models are removed, The expemence medel i the subjeol
af appendix C.

7'I'e issue of discrimination by sex i3 discussed of langth Tater in this ap-
pendix.

L Jargenson, Gollop; and Fraomeni {1287) fresit the realfocation of labar
across industres o5 u separate factorin explaining productvity chenge and
o0 exclude this effect from multifaeror praductvity.

¥ See Kroper ond Sumimers (TURG).
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tion increasas the ability to work in many occupations. !
Bducation therefore has a direct return through higher wages
within an occupation and an indirect return through the ability
of more educated workers 1o receive higher wages in other oc-
cupations, As a result, disaggregating hours by both educa-
tion and eceupation would limit the eamings differentials by
education tn the direct returns and understate the 1otal impact
of changes m educational attaimment on labor composibion,
Furthermore, the classificavon of hours by even broad oe-
cupational groups is wesk in the study’s primary data
sources.!! The error rate in assigning workers to occupations
is large, s0 changes in the distribulion of workers ucross be-
cupations or cccupational wage differentials include a large
random component which would reduce the reliability of the
labor composition measures. The errors might contaminate
the measure of labor composition if misclassilication of
workers into occupations is not random.

Measuring the price of Iabor

Omnce the hours of work have been appropriately cross-clas-
sified, prices for each kind of labor are reqoired, Hourly cam-
ings for each type of worker are based on econometrically es-
timaied hourly earnings functions insiead of sample estimates
of average hourly earnings, The hours and sarmings of each
type of worker are taken from the March supplement to the
Current Population Survey. For many types of workers, the
average hourly earnings are based on just a few observations,
and g0 the variance of these hourly earnings estimates is large.
Wage equations can increase the precision of the earnings es-
timate whenever earnings of different iypes of workers are
structurally related.!? Forthermore, wage equations provide »
method for dividing hourly eamings into payments for each
trait used in the partial indexes of labor composition found m
appendix H,

Whle wage models are a8 novel approach as part of the
measurement of labor composition, models of wages have
been one of the most intensely invesngated relationships in
labor economics during the last 20 years. These studies—for
example, Mincer (1974), Griliches and Mason (1972), Ha-
noch { 1967), Heckman and Polachek (1974), Mincer and Po-
Tachek (1974), Welch (1973), Ashenfelter and Johnson
(1972}, Lewis (1983), Mincer and Cfek (1982). and Sandell
and Shapira (19800 —have investi gated vanous aspects of the
wage model, but all have as their core, the concept that educs-
tion and training enhance the skills of workers. The wage
models used in this study are deseribed in detail in appendix

0 See chapter 4 of Denison, Accouniing for Daited Starer Ecanaomsc
GErovwrh JR290] 060,

1 The Current Pepulation Survey conducts perindic reinferviews wath a
subsample of respondents (o ascenain the accuracy of the dats collecion.
Reinterviews indicate that more thag 10 percent of respondents are reclassi-
ficd by T-digit industry and nearly 20 peroent are reclassified by 1-digii oc-
cupaton.

12 For example, the camings function developed by Mineer related
changes m eamings over a worker's career (0 changes in raining invesi-
ments. Cansequently, differsnees in earmings by vears of work experience
st conformn to cerain residcions on the patuneters of his modé],



E. Wage models estimated using the MNational Longitudinal
Survey can be found in appendix B.

The estimated models are fundamentally human capital
models of wage determination. In this context, education and
om-the-job training (as measured by work experience) devel-
op skills which in thrn enhance worker productivity, Because
workers are paid the value of their marginal product in long
nin competitive equilibrium, the coefficients for schooling
and experience measure the contribution of these activities lo
both earnings and worker productiviry.!3

The fumctional form of the wage model, equation 13, is
based on the work of Mincer:14

(1N Wi =a+b* Sj+e* Xj-d * X7+ 7,

The log of the wage, Wi, isa function of 1 years of school-
ing, §, j years of experience, X, and the k'™ bundle of uther
traits, Z. Firstand second orderexpenience ierms are included
to capture the observed parabolic pattern of camgs withage.
This stndy uses hourly wages to be consistent with labor data
measured in hours, Separaie equations are estimated for men
and women. Appendix E discosses the exact functional form
used in thiz study.

In equation 13, the parameters b, ¢, and d measure the re-
tum to edocation and experience for each sex holdmg the ef-
fects of other traits constant. While equatian 13 could be esti-
mated with all these tradts, it is not practical to disaggregate
the hours matrix across these other traits becavse the number
of observations per cell would be insufficient forreliable esti-
mates. Consequently, an average wage foreach edvcation-ex-
perience cell must suffice.

At least two strategies are possible forestimating the wages
foreach cell of the matrix. One would be to omit the variables
represented by Z from the wage equation, Tn this case, the re-
sulting parameters would represent the retum o education
and experience for the prevailing distnbution of other traits in
each year.!7 That is, the return to a high schonl diploma de-
pends not only on the value of the diploma but ilso on the pro-
portion of high school graduates that work full time. Since the
proportion of full-time workers can change from vear to vear,
the return to a diploma may change not becanse the wage or
retum to education forany group of workers actually changed
but becanse the proportion of full-ime workers twho on aver-
age are paid more per hour than part-time workers) declined.
This example shows that workers within an education-experi-
ence cell may not be homogeneous, A resullant bias con anse
because changes in the distibution of workers erroneonsly
leads to a change in measured labor composition when no
such change occurred.

13 See Harron, Black, and Loewenstein (1989) for the exeeptinn of specif-
io training,

14 The form detived by Mincer ( 1974) wses an approvaniation of an tnfinite
series of investments 1o achieve a log linear estimating form See Sehooling,
: rid Egrmings for a complete derivation,

5 This is equivalent \o the stretegy of Torgenson, Gollop, and Frabmeni of
using the sverage wage stz of all persons within 5 cell,
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As an allernative strategy, we can estimate the full equation
13, but use only the returns to education and experience and
theintercept. The average effect overall other characteristics,
Z, is added to the intercept. Once equation 13 has been estl-
maied, each worker is assigned hourly exrnings based on
eguation 14,

(14) Lo(Wil=a'+b* S +c* X;—d * Xj?
wherea' = (a+f*Z)

Since the allered intercept, a) 15 an average fior all persons
of the same sex, it can be interpreted as the retum to all charac-
teristics other than education and experience, Changes in the
altered intercept result from changes in the rétum 1o observed
traits (£) or changes in the disribution of either observed (Z)
or unchserved trajls,

Note the effect of equation 14 on the labor composition
measures. Shifis in the distribution of hours between men and
women will continue to affect the lsbor composition mes-
sures. However, shifts between groups of men {or groups of
women) in other traits (Z) no lenger influence the measures of
laborcomposition. Since all men are assigned the mean remrm
ti cthet traits, the carmings of all men are affected proportion-
ately, Such a shifi leaves compensation shares samd ultimately
labor composition unaffected. Even though workers within
an educahon-expenence cell may 0l not be homogeneous,
changes in the distribution of the Z variables do not affect the
compensation shares of workers of different education or ex-
perience levels and so can not lead 10 erronecns changes in
measured labor composition, For example, suppose the pro-
portion of new collepe gradusies who work part time in-
creases from pne year to the next, bot the proportion of new
high school graduates who work part time remains un-
changed, The mean hourly wage of new college graduates
would fall relative to new high school graduates assuming
part-time work pays Iess. Part-time work is one of the van-
ables included in the setof Z vanahles. Whatever the return (o
part-time woark may be, it is incorporated into the altered in-
tercept. Equation 14 would indicate that the relative earnings
of new college to high school graduates remained onchanged
and so would not influence the lohar compiosition measures.
In effect, equation 14 removes shifts i the part-ume/full-time
distribution of the work force from the measures of labor
composition and labor input. Instead, the impact of the part-
time/full-tima distribution is included in the measures of mul-
tifactor productivity (ASA),

This appraach 1o labor composion sought to identify a
short list of specificcharacteristics and their effect on produoc-
tivity change rather than to eXamine 4 large nomber of uniden-
tified labor-related influences. The effects of increases in
educatiom, fluctuations in experience, and paterns of female
laber force participation are particularly relevant areas of
public inlerest,

If these are the principal sources of labor compesition, the
resnltant labor compasition measures will encompass virfual-



iy all of the potential changes in labor composition. Any un-
identified changes in lshor composition remain part of the
MFP measure along with retumns o scale, the effects of ca-
pacity utilization, changes in work effort, changes [n the orga-
nization of the work place, ete. Appendix E reveals that wage
differentials benween workers are predominanily due 1o dif-
Sferences ineducation and experience. Inaddition, appendiy D
ghows that shifts in the education distibution and sex com-
position of workers are the largest changes in the composition
of workers over the past 40 years, Substantial labor carmposi-
tion changes are due éither to large shifts in the hours of differ-
ent types of workers or shifts between workers with large
wage differentials. Such shifts did take place in the educstion,
work experience, and sex compesition of the work force;
therefore, one can reasonably conclude that shifts in the other
traits did not make an important contribution to labor com-
position change.

Two additional points should be noted. First, if the paraine-
ters on the Z variables are not large, ornot sirongly correlaled
with eduecation and experience, measured |abor composition
ig likely to be similar regardless of which sirategy s chosen.
Az will be seen, only the pari-time work schedule has both a
relatively large coefficient and a high correlation with work
experience. So whils the choice of methads may have differ-
ent theoretical implicatons, from a practical standpomt.
partitioning hours by these other traits would likely lead to re-
sults similar to those reported in this bulletn.

Second, a more comprehensive measure of labor composi-
tion could differ from the results reported o this bulletin if
additional traits not meluded in the wage model strongly in-
fluence earnings. As previously explamed, a worker’s oe-
cupation and industry arc explicitly exchided from the wage
model. Tests presented in appendix B that pauge the effect of
pecupation and industry on the wage model show thar both
raits are highly correlated with earnings. Sensitivity of labor
composition o the mclusion of occupstion and indusiry are
explored in a comparizon of lsbor composttion studies found
in appendix G.

Alternative interpretations of the wage model

Altemnative Interpretations of the education and ex penence
coefficients are possible. Education and work experience
may provide benefite of value to the firm, but education and
wark experience may not directly increase a worker's mar-
ginal product, Consequently, the link between increased eam-
ingsand additional education orwork experience may depend
on other unobserved cavsal factors:

The premise that firms have imperfect information con-
cerning an employes’s abilities forms the basis for the asser-
tion by screening and signaling models (Spence, 1974, Taub-
man and Wales, 1973) that edncation serves asa valuable in-
formatiomal tool to help firms identify the dbility or potential
for training of workers tather thana direct source of addition-
al skills. Firms are willing to pay more for workers of greater
ability but cannot directly observe ability. Instead, education
serves a5 a signal to idemify warkers of high ability and does
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not direetly increase a worker s ability to perform in ajob. Be-
caunse (firms believe) educaticn 15 correlated wath abi]it:.r, a
firm that chooses a highly educaled worker i alse more likely
to have chosen a worker of greater ability, The apparent rela-
tonship between ecarnings and education 1s, in this model, «
relatonship between ahility and camings,

Job matching models have been wsed 1o explain the posi-
uve relatonship between earmings and experience (Jovanoy-
ic, 19796 and b, Abraham and Farber, 1987). In these models,
watkers search for the highest paving job, That job is the one
with the best match between a worker's skills and the firm’s
needs. Workers will change jobs when higher pay is offered.
and the likelihood of receiving a betier offer depends on the
quality of the match betwean worker and employer, Over 4
worker's carcer, wages tige, and 1t appears thal more experi-
enced workers earn more when, in this model, some or all of
the increase results [rom an increasingly good job match over
time.

The multiperiod implicil contracts literature {Lazear, 1979
and 1981, Medoff and Abraham, 1980} sugpests thal eamings
rise with experience because both employers and employees
have agreed to defer compensaton until later in the em-
ployee's carcer. Workers agree Lo this amangement because
they earn a rate of return on their deferred compensation. Em-
ployers use deferred compensation to mazimize the lifetime
work effort of employees. Experienced workers who provide
insufficient effort sk beiog fired and losing their defemed
compensation. Consequently, expenenced workers know that
their (current plus deferred) compensation with their current
employer is greater than what they could earn with a different
employer, and so experienced workers have an incentive to
provide an acceptable level of work effort. Under such a con-
tract, workers earn less than the value of their marginal prod-
uct early in their careers and more than their marginal product
later,

Even within the human capital model, expenence parame-
1ers may be understated in the case of employer paid specific
traiming. If firms pay for training, they can recoup theirinvest-
ment by paying workers Jess than their marginal products. In
this case, marginal products rise faster than eamings after
training, and the experience parameters would be under-
stated. The importance of this effect depends on the propor-
tion of tramning which frms pay for and the rute of worker
wmover, If workers effectively discard firm-specific training
when leaving a firm, the fraction of tolal training which i3
firm-financed, specific training can be expected to be small
for the average worker 16

The screening, job matching, and implicit contract modéls
have a common ¢lement; I may be wrong to infer thal acquir-
ing additional education or experience will raise a worker's
marginal product. I any of these models is correct, a different
or more detailed classification of hours would be required be-

1% Barron, Black, and Lowenstein (1989) allempt Lo messure changes id
wiorker procuctivily separately from changes in carnings. For @ sample of
newly hired workers, they find that productivity measures nie twice ox fasiaz
eamings over the first 2 vears of emplovmeat



cause labor is not homogeneouns within each education/expe-
rience group. The implicit contracts model goes one step fur-
ther and argues that observed eamnings differentials overstite
differences in marginal products. Specific training paid for by
firms also leads to a discrepancy between eamings and mar-
ginal products, but in this case eamings undersiale marpinal
prodacts. In either case, some adjustment io the estimated pa-
rameters would be needed.

The measures of lzbor composition can differ using these
alternative models. Continuing to use education and experi-
ence rather than the true underlying factors (as suggested by
the screening and search models) would lead 1o different esti-
mates of labor compasition change unless the disimbution of
hours classified by these underlying traits changes at the same
rate as the distribution of hours by education and expenence.
Altemnatively, if labor composition is still intended (o meazure
changes in the distribution of education and experience, the
screening, job matching, and implicit contracts models—but
not models of specific trmining—imply that the measured
camnings differcoces between education groups or between
experience groups are overestimated and should be reduced
from those pblained in the wage model of equation 11,17 Al-
though the exact magnitude of the adjustments o eamings re-
quired by these models 13 unknown, sensitivity tests found 1
appendix G measure the impact on the labor composition
measures of allering wage differentials by educstion and ex-
perience.

Market imperfections. Workers are assumed to be paid the
valoe of the marginal product of their labor. However, com-
pensation may nol strictly reflect the marginal product of Ta-
bor. In this case, compensation shares become inappropriate
weights in the Tomgvist index of labor input because com-
pensation no longer measures the flow of labor services from
an hour of work. The Tomgvistindex, in fact, incorporales the
input’s marginal product into the relevunt elasticity for use as
its weight for each type of labor. Compensation shares can
substitute for a direct measure of elasticities because com-
pensation is assumed (o reflect a worker's marginal produet,
When labor market imperfections are suspected, a distinction
between the value of a worker's marginal product and com-
pensation should be made, and the former would ideally be
used tn measuring Iabor composition.

As indicated earlier, there are more sources of wage differ-
entizls than can be measured with reasomable precision, Since
the direct measurement of marginal products 15 impractical,
the analysis must be limited to only those market imperfec-

17 The et effect of these criticisms may be small because they bave oppo-
sile effects on the measures of lshor composition. These models suggest that
the sarmimgs differentials by both education and experience are overstated.
Given the increasing educational sttsinment of the work force, 4 smaller
earmngt differential would lead to a smaller messure of labor composition
Deeclining Jevels of work expenence combined with & smuller eamings dif-
[erentinl by expenience would Tead to a Righer estimate of lahor conposition
growih:
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lions which may cause the greatest distortion in the labor
COMPOSINon MEASAres,

Labor market discrimination 15 a widely noted market
imperfection. Discrimination against blacks and ethnic mino-
rities is nssumed to toke the form of employee discrimina-
tion. '™ This form of discrimination largely redisiributes eam-
ings between sets of workers rather than between workers and
firms. Although earmings for any group of workers affected
by discrimination may not indicate their marginal product,
garnings of all workers should closely approsimate the mar-
ginal productof all workers. Asa result, the education and ex-
perience coefficients for neither whites nor minorities reflect
ther productivity, bul the coefficients for the combined sam-
ple reflect the avernge productivity of all groups.'™ In this
study, a single common $et of educalion and experience coel-
ficients are estimated from a pooled sample of workers of all
races.”" This is consistent with the assumpfion that wage dif-
ferentials by race are the result of discrimination,

There 15 less agreement in the literature concerming dis-
crimination against women. The mability to measure skalls
directly confounds analysis of this form of discrimination.
Most studies of Iabor eomposition (Jorgenson, Gollop, and
Fraumeni (1987); Denison (1985); and Chinloy (1981)) are
forced to use some vanant of a worker's age to measure work
experience or investments in training. An advantage of thiz
study 15 the construction of measures of work experience for
men and women. As a result, eamimgs differences between
men and women cin be decomposed into differences in the
quantity of experience and education and the remms to these
and other traits. In this siudy, the quantity and retum to &
worker 's expenence and educanon are regarded as measures
of the worker's underlying skills. As a result of using experi-
ence rather than age in the wage models, the estimated male/
female eamings differences explained by factors other than
education and work experience are smaller than in many other
studies

The smaller coefcients (especially for work expenience)
for women can be interpreted as etther labor market discrimi-
nation or less acquired skills. Even if men and women invest
in skalls al the same rate, the average workweek for employed
waomen 1 nearly 6 hours less than for men, and women thus

18 8o Becker (1971 for adiscussion of emiployoe discrmination wd its
impact on wages.

There are, of course, other models of discrimination, These inclnde £m.
ployer discrimination (Becker, 1971), statistical discoimination (Ao,
1971}, occuspational segregation (Bergniann, 1973, end dudl Tebor markeis
{Cain, 1975), Esch of these models leads to a specific method for measuring
ihe difference between earmings and marginal products.

18 Firns continue fo hire workers ool merginal cosiz eqoal the marginal
peodiet of labor. Under emplovee discrimination, however, firme may pay
while workers a premiten in escess of their mangingl product, The wage paid
o minarities is theirmapginal product Jess the marginal cost 4o firms of addi-
tional premiums paid 10 white workers, However, the guin of all premitims
and penglties is zero, and by averdging over all workers, lirms pay all work-
ers el marginal uict,

30 This is also the approach used by Jorgenson, Gollop, and Pridment

{1987}, and Dremson ( 19835), in their stadies of labor composition,



have fewer hours at work to acquire skills through on-the-job
training.2! Tt is widely acknowledged that expecied labor
market ahsences for women resultin a smaller optimal invest-
ment in skills acquired by on-the-job training (Weiss and Gro-
nau, 1981, Sandell and Shapiro, 1980}, Furthermore, labor
market absence (Mincer and Ofek, 1982) may result in a fast-
ererosion of skills. Expected labor marketabsences have also
been used to construct models of oceupational self-selection
(Polachek, 1974), All these arpuments imply that smaller
work experience coefficients reflect less accumulation of
gkills rather than labor markel discrimination,

These argumenis suggest other causes of earmings differen-
tials, but they do not preclude labor murket discrimination. In
addition to the forms of discrimination cited above, the com-
parable worth literature (Treimann and Hartmann, 1981) ar-
gues that the work of women may have been systematically
underyalued. Most empinical studies of male/fermale earnings
differences (Beller, 1982; Corcoran and Duncan, 1979:; Mal-
kiel and Malkiel, 1973; and Qaxaca, 1973) aficr conrolling
(imperfectly) for labor market absences and other male/fe-
male differences still find that worker characteristics cannot
fully account for this earmings differential, However, the pro-
portion of the wage gap accounted for by observable differ-
ences in traits vares from O percent (Blinder, 1973) 10 more
than 70 percent (Malkiel and Malkiel, 1973).

Because of the uncertain extent of diserimination in labor
markets, the sensitivity analysis of appendix G uses altema-

211 1986, female employees wha were at work fnihie Marcl servey week
and worked at feas 1 week last year worked 356 hours per week, The com-
parabile workweek for men was 21.3 hours,

The data gleo indicate that womén work nearly 2 weeks fess per vesr thian
men. Women wiork 44.8 weshs, and men work 46.6 weeks per vear,

live assumptions consiglent witll varying degress of sex dis-
crimination, These ghternatives imply that women have more
skills than their eamings suggest, and the growth rate of labar
composition would be higher. Appendix G demonstrates that
unless all earnings differences result from discrimination, the
measures of labor composition would be tnvially higher m
the absence of diserimination.

Marginal products may also diverge from earmings 1f
vnicns and firms excercise market power. In addition, the
payment of compensating differentisls for a varety of res-
soms meluding risk of injury, length of workwesk, ar fsk of
unemployment may create eamings dilferentials between
workers who differ only in their work schedule or type of
ﬁl.mlzz

The impacl of some of these possible market imperfections
as well as the issue of measuring the returns to abilily sepa-
rately from education are considered further in appendix B.
However, in part for practical reasons, hours are not parti-
tioned by any of these charactenstics. Based on the estimated
coefficients of the effects found in appendix B, the impact of
excluding these earnings differences from the labor compos:-
ton model 15 behieved o be negligible.

T Qe Brown (1980} for a survey of empiccal stodies of compensating dif-
Terenitsals,

This study nses wages excloding benefits, Workers are oot indifferent fo
Frow comepensaion is divided between wages and banelirs. Worker prafer-
ences over the two forms of compenssting sre funher complicated becadse
Wiges dne faxable bl benefits generadly are not. Conseqiient]y, the educs-
hiwn and expenence cocficients may differ between a model of wages and a
madel of compensation. However, Kiker and Ehine (1987} develop a wage
el whizh ipcludes some aspects of both working conditions and Benefis.
They find that the education and expénience cocfficients are only slighily
larger wien nonwiage benee are melsded
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Appendix B. Experiments with
the National Longitudinal Survey

As indicated in chapter I1, the prices of labor uzed to deter-
mine the weights in the Tomgvist Tabor input index are based
on wege equations estimated annually from the March Sup-
plement to the Carrent Population Survey (CPS) and from the
decennial censuses of 1950 and 1960, The CPS was used be-
cause 1115 an engoing annual survey,; itis selected ona repre-
sentative basis; the information collected has remamed fairly
comsistent over time; and it has been available for moch of the
period stodied. There are, however, some poteniially serious
problemsin using the CPS to estimate wage equalions. First,
it does not collect informartion on actual work experience, so
researchers using this body of data have had to rely on proxies
forexperience. The proxies generally used are age or “poten-
Lial” work experience (age minus 6 minos years of schonling)
which measures the number of years after leaving school. Se-
cond, the CPS does not collect information on several rele-
vant variables. Omitting these variables could sighificantly
hias thie estimated contribution of education and experience to
the earnings measures,

This appendix presents some tests of these twoissuss using
the Mational Longitudinal Survey of Labor Market Experi-
ence (NLS). The NLS data used in these tests are divided into
four cohorts, each consisting of approximately 5,000 individ-
vals.! The younger cohorts comprise men ages 14 to 24 in
1966 and women ages 14 to 24 in 1968, The older cohotts
comprise men ages 45 to 59 in 1966 and women ages 30 10 44
in 1967. Each cohort has been followed continuously since
the beginning of the survey, and the participants have been
guestioned on their schoohng, work history, and personal
background both during and prior 1o the survey period.2 Thus,
the NLS collects information on actual work experience as
well ag data for computing potential work experience, It also
includes statistics on a nomber af varables (10 scores, current

Job tenure, ete.) that the CPS does not collect,

The remainder of this gppendix is composed of three sec-
tions, The first section compares the effects of using potential
rather than actual work experience in the wage equations and

U im 1979, anew ealion wis added to the NLS project. 1t consisted of ahaut
13,000 met and women wha were hetween the ages of 14 and 21 at the start
of 19749,

# Fot 1 deseription of the NLS data, see The National Lomgitudin Sur-
veys Hanadbiook (1982), Although the NLS is another possible source of data
fiar estimating wage equationg, it was not used beeanse { 1) it iz obviodsly noe
& representalrve sample of the U5, labor force in any given vear, (2) i may
ulfer [rorn atirifion bias because discontinued respondents may 7ot be repre-
seniatrve of the entire sampls, and (3} the NLS fails o soligit the same in-
Tormation annually, so that there are & nomber of “hreaks™ i3 (he vadshles
ovEr ime.
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discusses the implications for the estimated prices of labor
The second section analyzes the effects of vmiting selected
variables-—thal 15, relevant variables reported in the NLS but
not in the CPS—on the estimated wape equations. The final
section summarizes the resalts of the tests that are described
in the appendix.

Potential versus actual work experience
Conceptually, human capital wage models need to measure

the flow of productive services from cumulatad investment in
on-the-job traming, but this informiation 15 not presently
available and may never be available. The Mincer human cap-
ital earnings function discussed inappendix A and used in this
study attempts to capture these service flows by assuming that
the rate of investment in on-the-job training 15 linearly related
to actual wark experience,? Thus, using potential werk expe-
rience a5 a proxy foractual work experience requires the addi-
tional assemprion that the two are “clase substitutes.”

Econametrically, the use of potential waork experience in
the wage function introduces an erors-in-variables prob-
lem.* This tends to bias the coelficicnt of the linear term for
expenience towand zero. The coefficients for schooling and
other variables may also be biased if they are correlated with
the measurement emor in expenence, but it is difficalt to
know magnitide or direction. In any case, the magnimde of
the bias is determined by how close a substitute potential ex-
penence 13 for actual experience.”

Researchers working with human capital wage models
have generally fonnd that potential work experience is 2n ap-
propriate proxy for actual experence for men, but not for
most women (1hat is, women who have had interrupted work
experiences becanse of child bearing snd rearing). One of the
more convineing studies of this 15sue 1s by Malkiel and Mal-
kiel (1973) who had sceess to a microdata source that enzhled
them to compute alternative measures of expertence. They
found thit forhoth men and women the estimated coeficients
with respect to the first degree experience temmns were lower
when pitenttal rather than actual experence was used. For

¥ Mincer (1974), pp. B3-B9.

4 Amearly #itempt 1o reline the measomes of pateplil experence can be
found in Hanoch {1967} who measured actual averzge spe of lahor force
entry for each fevel of education.

Flet P=E; + vy whese P 3s potential expericnce, B iz actual experience,
and 1; 5 & pandom error of measurement, The magnitade of the bias in the
experiente coefficient is detemmtined by the ratio of the variance of w; 1 the
variance of Ej, Tf P is a close substinute far B;, theo the ratio will be clege 10
zere and (he bias will be small. For a lucd discossion of the emers-in-vari-
ables problen, see Rao and Miltler {19717, pp. 17934,



men the difference 15 small, whereas for women it is substan-
tial. They also found that the estimated schooling coefficients
were larger for both males and females when potentisl rather
than actnal experience was vsed, bul the numerical values of
these biases were about the same for both sexes, Garvey and
Reimers (19800 using NLS data also found that the retums to
schooling for women were higher when potential experience
rather than actual experience is used in earmings funclions,

Measurement of NLS Work Experience. Atthe time thetesisin
this appendix were conducted, the NLS data provided up to 14
years of continuous work history as well 4s information on
work experience for years priorto the initial survey. The mea-
sure of “actual” work experience derived from these data and
used in the analysis below is, in fact, a hybrid of potential and
actual experience.® In addition, becanse of inconsistencies in
the data, the estmales were constructed using information
thatimplied the greatest amount of wark experience. Thus, 10
the extent that the measures of actual work experience are
biased, they are biased in the direction of reducing the differ-
ence between actual and potential experience.

For those years prior to the initial survey year, work experi-
ence was initially measured as the time elapsed between the
year of the first reported job (or, if not available, year of birth
plus years of completed schooling plus 6) and 1 vear prior to
the initial survey. From this, any reported time not working
just before the first survey and absences from the labor force
for child bearing and rearing wete subtracted. No experience
prior to the first survey was assigned to persons who specifi-
cally stated that they had “never wotked before” the binth of a
child,

During the survey period, respondents reported the oumber
of weeks worked, weeks unemployed, and wesks out of the
labor force “in the past year." The NLS did not always survey
the respondents atexactly the same date each vear, and so lime
in and out of the labor force did not always sum to 52 weeks. It
was assumed that the correct response was the one implying
the most work experience. The NLS does not survey respon-
dents in all years. In some years, questions cavering work ex-
perience in a nonsurvey year were asked at 3 later dute. The
responses indicated which interval (for example, 0-13 weeks)
appropriately described the work patiern. In such cases, the
midpoint of (he interval was used. When no information was
available, it was assumed that the omitted work history was
identical to that of the preceding vear.

Fartunately, some of these eshimates could be checked by
reports of total weeks worked in a given S-year period. When
these figures were available, they were nsed if the estimate
implied more work experience than the sum of the 5 individu-
al years. In addition, job histories through 1976 or 1977 are
available, but the incomplete reporting of this data limits its
usefuiness. Nevertheless, work experience as determined by

“Far a similar anempt o estimaie wirk experience, panicularly work-ex-
penience intervals, from the NLS dita, see Mincer and Polachek [1974),
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job history was used whenever if implied greater experience
than the two preceding estimates.

Comparisons of regression resuits. Hourly eamings equa-
uons were estimated for cach of the four cohorts: one set was
based on potential experience and the other on the measitre of
actual experience described above. Tn order to emphasize the
contribution of exparience to earmmgs, survey data for 1980
were used for younger men; 1976 data for older men; 1981
data for older women; and 1980 datz for younger women,
Three kinds of comparisons were carried out; they involved
the estimated cocificients, coefficients of determinalion, and
the estimated peak earnings years.

Table B-1 compares the estimated constant terms, school-
ing and experience coefficients m the eamings functions, for
the four cohorts using potential and actual work expenence.
{The complete specification of the earnings function and pa-
rameter estimates can be found in table B-7 of this appendix, )
As indicated earlier, the use of potential work experience
imroduces an errors-in-variables problem in the experience
variable.” This tends to bias all of the estimatesin the CAITINgs
Function, the ceefficient of the linear term for experence to-
ward zero, and the others in unknown directions.

The biuses are likely to be most pronounced for older
women hecause potential experience is probably the poorest
proxy for actual experience for this group. When potential ex-
perience is used for this cohort, the constant (erm is higher,
and each of the schooling coefficients is lower than when uc-
tual expenience is vsed. In addition, the coefficients for the
first and second degree experience terms have the wrong
signs and are statistically insignificant. These results ooeur
because women inthis age group (44-58) will tend (o be an the
relatively flat portion of the age-eamings profile. When actu-
al work experience is used, both expenence coeflicients have
the correct signs and are statistically significant. The results
are essentially the same for the younger women coharts) the
maindifference is that the estimated coefficient for the second
degree experience term is not statistically significant when
actual expenience is used.

As expected, potentisl experience is a reasonably gond
proxy for actual experience in the case of younger men. When
potential experience is used for the vounger male cohort, the
estimated constant term and schooling coefficients are close
tothose hased on actual experience. The two experience coef-
ficients have the correct signs, are statistically significant,
and, in fact, are numerically about the same as those based on
actual experience,

The results for the older male cohort, those ages 55-69, are
mixed. The estimated constant term which reflects the carn-
mgs of the base group, those with (-8 years of schooling, is
negative and statistically insignificant when potential experi-

7 There i= alsnan emors-in-variables prohlem i using the N5 messure of
work experience, This is hecause the NLS messire js, as deseribed eorlier, 5
hybrid el zctusl and potential expenence, The presumplion §5 that the peeb-
lem is more significant in the caze of patentizi experience tian m lhe case af
the NLS measure of work erperience, especially with respest b older
Wi,



Talbile B-1. Estimated eoefficiants for schooling and work experience In hourly eamings functions using polential and actual

expericnca’
Wamaen Man Women Men
Coeflicient Age 26-36 Ane 30-40 Age 44-58 Age 55.50
Fotential Actual Petzntial Actual Paotentisl Actusl Fotantial Actugl
Constant . s:.o¢s:c 1.068 0,602 0.851 0.785 1.534 0.695 =(0.937 0287
(6.7 (4.7} (2.0} (8.0 (3.8} (7.2 {1-1) 14)
Schooling
Bilyears ...... 145 =03 A73 178 -168 184 86 iy
{1.8) (2.3) {a.0) (2.4) (3.0) (3.5) {1.5) (33
12yeare - ...... 320 388 300 282 343 a87 188 268
(3.5) (4.1) (5.3) (6.0) (6.7) (B.2) {4.4) (7o
13-15years..... Abe 418 420 283 ABEG BN 330 A20
(4.2) (4.8] (7.0 (7.8 8.3 (1.0} (5.6} (7.6)
16years -...o..c 587 07 BET B34 551 Eig ADE H15
(5.9) 7.7 {3.5) {10.0} (8.6) (11.0} (5.3) (7.3
17 Gr mom ... .. .B51 a0 530 .B58 B2 B22 565 GBE
(6.0) (A.1) (10.0) {11.0) 12.0) (14.0) (74} {11.00)
Work experence
Experenoe ., ... L0027 8521 .DBE3 OB -0122 0346 079 0410
{.1) {2.4) (5.3 {7-6) (15 15.7) (2.7} (2.8)
Exparianca
squared ...... 00006 -.000004 - 00183 -00212 L0018 -.00047 -00140 = 00059
(1) (- (3.8 (5.8) {:5) 13.2) (3.2) (2.8

Source: National Longitudinal Survey; 1980 for Waormen age 26-36,
1980 far men age 30-40, 1981 forwomen ags 44-58, &nd 1978 formen
age 55-69.

cnce is used, Tt i also statistically insignificant when actual
experience is used. This reflects the small number and wide
dispersion of eamings of individuals within the group. When
potential expenience is used, the estimated schooling coeffi-
cients are lower than when actual experience is used. The re-
mrns to an addiional year of potential experience are preater
for older men than for younger men. The relative returms are
reversed when actual experience is used, Since men’s eam-
ings usually peak before age 55, the high retum to potential
experience for older men seems unlikely: Thus, potential ex-
perience also appears to be a dubious proxy for the older male
cohort,

The second comparison examines the coefficients of deter-
mination found in table B-2, For the female cohorts, the coef-
ficients of determination are much higher when actual rather
than potential experience is used, For both of the male co-
horts, the goodness of fit is virtually the same whether the
function is estimated with potential experience ar with actual
experience. These findings are consistent with the expecta-
tion that potential experience is a suitable proxy for actual ex-
perience for men but not for women.®

The third comparison involves the estimaled year of peak
earnings based on potential and actual work experience. The
eamings function includes a second degres polynomial for
expenience that is supposed to capture the commonly ob-
served parabolic eamings-expenience profile that nses to a
peak and then declines. The estimates of peak eamings years
based on the earnings functions for the coliorts in the NLS are
presented in table B-3.

1 The estimated eamifgs functions also include race, Hispanic ori-
gin, veteran glatis, martal status, number of dependents, residence
slatus, health problems, reglon, and par-time wark scheduls.

The eshmated peak earnings years for the bwo male cohorts
based on polential work experience are close 1o those using
aclual experience. In both of the cases, the differences amount
to 1 year or lzss. In contrast, the cstimated earming functions
for women based on polential experience do not even yield
peak eamnings years; for the younger female cohort no peak
year is implied, and for the older female coliort, the equation
implies a minimum rather than a peak earnings year, The re-
sult for the older female cohort ia more tenable when actual
experience is used. These results provide furher evidence
that potential experience is not an appropriste proxy of actual
expenence for women. Potential experience would seem to
be an especially inappropriate proxy for alder women, who
are more likely to have had intermrupted work histories,

In sum, the comparisons presented in this seclion are gener-
ally consistent with those reported hy other researchers work-
ing with earnings functions: The use of potential work experi-
ence as a proxy for actual work experience results in biased
estimates, and the hiases are especially large for women and

# The inciusion of job teaure, which is not eollected by e CFS, amd
enionization, which has generally not been collected by the CPS, inthe eam-
ings funciion raises the value of &l of the coefEcients of determination, Tn-
cluding job lentere alsp resulis in e fisof the equations with potential expe-
nence being very close 1 those of the equations with sctual experience, even
fior wommen. The values of the 3's are as Tollows:

Patential experienice Avtual experience

Younger wikmen 022 n.24
Youmger men e 4 B
Older women 33 35
Older men 33 32
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Tabie B-2. Cosfficients of determination (R®) for hourly
earnings Tuncilons using polential and aclual work
axperience’

Cohort Potential Aciual
Women ages 26-36In 1580 ... 0.14 0.20
Men ages 30-40 in 1980 .. ..... 25 26
Women ages 44-58 n 1881 ... .25 At
Men ages 5569 in 1978 -, .-, .28 27

| To obtain A, the coefficient of detamination ¥ is adjusted for de-
grees of freadom. Values of A2 are presented instead of values of B2
=g comparisons can be made to the results given In fooinols 8 inthe
body of this appendiz.

older men but not for vounger men, Thus, potential work ex-
perience may be an adequate proxy in earnings functions for
younger men only. Although experiments were not conducted
with age as a proxy for actual work expenence, comparisons
reported by Blinder (1976) indicate that it would probably be
an even poorer proxy than potential expenence.

Effects of omitted variables

The CPS, whichis used to estimate wage egquations, omits a
number of variables that ore comelated with years nf school-
ing and experience, a problem that was noted earlier. These
omissions could significantly bias the estimated coefficients
in the CP5 eamings function snd, hepce, the estimated
wages.? The NLS includes some of these variables. The pur-
pase of this section is to use earnings funchons estimated
from NLS data to test the significance of the biases resalting
from these omitted variables, In these tests actual experience
85 described in the previous sectiom appears in the eamings
fanctions. '?

An example may help illustrate how omitted variables af-
fect the earnings equation and the interpretation of the labor
composition measures. In general, persons of greater ability
attend school longer than persons of lesser ability, In addition,
when both groups have the same amount of education, more
able workers should earnmore than Jessable workers, A wage
mode] which includes both education and ability measures
should in theory be able (o measure separately the contribu-
tiom of ability and education to eamings. A wige model which
only includes education will measure the contdbution of both
ability and education 1o eamings. Becanse education and abil-
ity are correlated, the estimated education parameter will in-
clude the return to education plus & portion of the contribution
of ability. If ability is correlated with other variables in the
model, another portion of the contribution of ability will be
included in these estimated parameters. To keep this example
simple, suppose ability is only correlated with education. The

¥ The problem of specification bias due o the ams=ion of 2 releyant ex-
planatory vardable 1= dizcussed In most imtermediate and advanced econo-
metrics texts; see, for example, Kmenta (1986),

10-The NLS data were also used to compare the mesults employing the
Oompertz curve nstead of the parsbolic form for the eamnings experience
profiles; the fits were slightly bener using the parsbalic form, which is-the
Form used in this bulletin,
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Table B-3. Estimated year of peak hourly earnings based on
potential and actual work experience

Years ol axperience
Cohol
H Potantial Actuzl
Women (age2638) .. .......- ") ™
Men(age30-40) .........ouce 201 19.1
Women (ags 44-58) ....... s ] 364
Men (age 55-68) ..., 38.5 3a.1

1 Mo paak year implied by the estimated eamings funclion,
2 Minimum rather than peak yearimplied by the esiimaled eamings
functions.

remainder of the contrbution of ability will be ineluded in the
intereepl

Consequently, it is possible to interpret the education pa-
rameters as the return o education and some portion of ability
even when ality is not explicitly included in the wage mod-
el. The labor composition measures would then also measure
changes in education and whility.

Changes in the distobution and reward to ability are unob-
served in the above example. As o result, labor composition
miay change despite no changes in the observed characiers-
tics. For example, the return to education appears to have ris-
en sharply since the 197(s and so has added 10 labor com-
position growth, Shonld this be interpreted as a higher returo
to education or ability'? If it s a higher return to education, en-
couraging additional schooling wonld add substantially to ka-
bor input and ontput growth, 11 15 a higher return 1o ability,
encouraging additional schooling would conribute much less
to Jabor input and cutput growth. Consequently, the implica-
tions of labor composition changes become more murky
when vanables are omitted from the wage models.

Of course, no wage model can include a comprehensive set
of explanatory vardables, but by examining the impact of
omitting some of the mast imporiant vardables, one may gain
some undersziznding of their influence on the estimared re-
mms to education and work experience. This may serve as a
guide in interpreting changes in measured labor composition.

Nonwage campensation. Conceptually, the dependent vari-
ables in the eamings functions should include all kinds of la-
bor compensation. Unfortunately, the CFS and WNLS mcliude
only wage and salary incomes and, a5 faras s known, thersis
no survey reporting labor compensation or that could be
matched wath the NLS or CP5 data.!!

In order to glean some information on the possible effects
of amitting nonwage compensation, data were oblamed on
nonwage labor cost by oceupation and mdustry fromthe BLS
Employment Cost Index (ECL) for 1980 and were related to

1 The Survey of Income and Program Barticipation wis specifically de-
signed to-collect comprehensive mesatres of income for & ratonally repre-
sentative semple. It hes only recently become svailable 1o researchers out-
mide the Buresu of the Census. Future esearch is planned (o exurine the use-
Fulness of thiz survey.



the NLS data.!? That is, two labor cost measures were
constructed; The first includes nonwage benefils “matched"
to WLS participants by occupation, and the second includes
noowage benefits “matched” to NLS participants by majorin-
dustry.

The estimated eamings equations vsing these two labor
cost measures as dependent variables wiere virmally identical
to those abtained omitting nonwage benefits. The small dif-
ference due to nonwage benefits by either occupation or in-
dustry produced only a scalar adjustment (that iz, 2 change in
the estimated constant term) in the original earnings function.
These zcalar adjustments cancel out in computing the com-
pensation share weights for the Torngyvist labor input index.

Thus, adjusting for nonwage labor cost on the basis of
available data would not sigoificantly change the labor input
measures. It would, however, be uselul to have surveys (or
matching surveys) that reported labor compensation includ-
ing benefits; wages as a percentage of total labor compensa-
tion range from 69 percent o 77 percent across indastry and
occupation, and these varations might well comelate signifi-
cantly with years of schooling and/or experience. Additional
discussion in appendix E, however, indicates that benefits,
when available, do not seem Io aller significantly the returns
to education or experience.

Alternative functional forms of the wage model, Within the
human capital model, several altematives o the basic model
are worth noting, First, the productive valve of education may
be exapgerated becduse persons of greater innate ability can
derive a higher retum to schooling. There will necessanily bea
positive correlation between schooling and ability, and this
implies that omilting sbility from the wage model yields
education and experience coefficients which are too large. 13

Empirical evidence indicates that innate ability correlates
positively with years of schooling so that higher earnings paid
to persons with more schooling reflect, tio some degree, pay-
ments for ability.!* Depending on how ability is viswed with-
i the wage model, a resultant bias may also be reflected in the
prices of labor which are estimated from the eamings func-
tions using CPS data.

The NLS provides information on IQ) scores for the two
younger cohorts, but not the older two.1* In addition, there
were fio 10) scores reported for about half of the sample of the

12 Fut a description of the BLS Employment Cost Index, see chapter B of
the HLY Handbeok of Methods, Bulletin 2414,

13 The effect of amitted variables on the remaining coefictents depends
on both the direction and strength of the cormelation Betweern the omitned and
included varables. See 1. Jobmston (19730, pp. 168-69.

The mezsurement of ability is very difficult: Akiliey is mulddimessicnal,
and § variery of measures have been used in differeat studies. [1s inchosion in
waite models has led o a wide range of estimates of the relafive importance
af ability and education. See Griliches and Mason (1972}, Hiuse {1972), and
Taubman (1976) which suggest the edocation coelficients are overstated by
1045 percent.

14 See, for example, Griliches and Mason {1972) and Taubman (1976,

1T & nuinber of questions have been raised about the nse of 10) soores as
E;uasunss of abifiry, However, theése are the only ability measares availablein
e NLS.

younger cohorts which may alsa result in a selectivity hias, 16
Oneof the major problems in using [0) scores o measure abil-
ity 15 that they may also measure educational backgroond and
culfural integration. In an attempt to minimize this problemin
the NLS dats, the earliest available scores {those prior to
1969} were used in the experiments.

When 1) scores (or 1 deciles) were included in the eam-
ings functions for younger males and females, a1l of the esyi-
mated schooling coefficients that were statistically signifi-
cant fell (table B-4). For the younger men, those estimated
schooling coefficients were reduced by between (.016 and
0.052 when I(} scores were included, and for younger women
those estimated schooling coefficients were reduced by be-
tween (L0531 and 0.100. The estimated coefficients with re-
spect to waork expenence were negligibly affected when IQ
soores were included,

Table B-4, Estimated coefficients for schooling and experience
i hul.n':y eamings funciions including end excluding 10
SCOMES

Women Men
Coefficient Age 26-36 Age 30-40
Including | Excluding Including | Excluding
Constani D221 o713 0.586 0.818
{1.1) (4.8} (5.9) 12.0)
Schooling
0-8 years - 4562 B 4] A58 166
[.B) (.8} 1.2y 1.2}
12 yedrs 104 124 132 44
{1.6) (1.9 (3.7) (4.2)
13-15 years A8 24z J169 200
{2.6) {3.4) (4.4} (5.3)
16 Vears ABE AT 302 245
{4.8) 18.1) 7.3) 18:8)
17 or more Ad1 541 a9 443
{4.3) {6.3) (B.d) (11.0)
Work
BXpEriEnce
Exparianca 0750 L0783 0780 0775
12.7) {2.7) 16.7) {6.6)
Experence =00003 -.00093 - 00222 = 0021e
souaed (.6) (6] (4.2) 4.1}
Dmitted
vaneble
I Score 0051 - 0023 -
(3.6} (3.1}

Saurce: Mational Langitudinal Survey. 1880 Tor women age 26-38
and 1980 jor men aoe 30-40.

¥ Eaming funcfions excluding 1Q score are not estimated for the
identical sample &= the eamings functions n other 1ables, Here, the
sampla is limited to those reporting 10 scores. Older male and female
samples did not report 10 scoras.

The results for younger males are ronghly the same as those
reporied by Grliches (19771 which were based on more re-
fined dats sets and econometric techniques. The somewhat
larger differences for younger women may reflect the guality

18 The redused sample used in the regression anclysis includes virtaally
no one with legs then 9 vears of seliooling,



of the NLS data. Because of the uncertainty with regard to the
extent of the biases and the possibility that they may be small,
it was decided that ad hoc adjustments for differences in abil-
ity would not be made in caleulations of the pnees of labor:

The omission of ability from the wage model is not as seri-
ous us it might seem. As indicated above, ability may exertan
independent effect on earnings. On the other hand, ability
may have no direct effect but may instead increases the retum
to education. That is, more able pérsons can derive more from
schooling than less able persons. If so, the education coeffi-
cient can be re-interpreted as the productive value of both the
direct effect of schooling and the indirect effect of ability on
the effectiveness of schooling. The labor composition index
wonld then measure the change in both effects.

To further expand the interpretation of the parameters, the
impact of a year of schooling or experiénce on earnings and
productivity can differ across individuals. Schooling quality
can vary across time as well as between individuals (Johnson
and Stafford, 1973; Welch, 1966 and 1973; Bishop, 1989,
The incentive and patiern of investments in on-the-job train-
ing also varies across individuals, (Ben-Porath, 1967; Weiss
end Gronau, 1981; Sandell and Shapiro, 1980)

The quality of individual schocling varies becanse of dif-
ferences in the sindent’s molivation or the school s resources,
The schooling coefficient shonld then be viewed as the aver-
age return to all persons within the given schooling group or
the return for the sversge quality of schocling. Simitarly, the
experience parpmelers measure the refurn 1o acquired rain-
ing averaged over persons of diverse levels of traiming. The
coefficients for years of schooling and work experience in
this study should therefore be viewed us an average of all per-
sons at each level.1”

Job Tenure. In the human capital model, the rising portion of
the earnings-experience profile is explained by investment in
on-the-job training that the employee pays for et least in part;
this can be either general maining which the employee pays
for entirely or firm-specific iraining for which (he employer
and the employee share the costs.!® Theoretically, the layoff
tate shouold be lower for employees with specific training be-
cause the layoff would involve a capital loas by the employer;
the quit rate shonld also be lower since quitting would mesna
capital loss for the employee.!® Becanse of these consider-
otions, economisis have associated job tenure with specific

17 Changes i schooling quality over tme are captored within the model
by the nse of aaneally estimated prices for education, If the average level of
schooling quality is sising over time, the coellicients will increaze 1o reflect
the increasing qusntty of skills acquired by the same nuniber oF vears of
schogling, The same effect for work experience is alse captured i maving
piuEmsiers.

5 These distinctions are due 16 Gary Becker {197%) who defines firm-
specific tratning “as raining that hag no effect on the productivity of trainees
that would be usefil m ather finms, ™ (p. 26) whereas * general raming iy use-
ful in many firms hesides those providing i...." (p.19).

1% Empirical evidence aleo shows 2 negative relationship hetween gut
rates and specific training; see Parsons (1977),

a1

training. 2" This means that we might expect the relationship
of earnings to job 1enure to differ significantly from the rela-
tionship of eamings to total experience which includes both
specific and generml on-the-job training.

The NLS reports information on current job tenure foresch
of the foar cohonis, The eamings fupctions were esnomated
with and without job tenure, entered linearly (table B-5). Tn
each of the four cohorts, the estimated coeffcient for job Len-
ure was statistically significant, and the magnitude of the co-
efficient was considerable. Except for younger women, the
coefficient with respect to the first degree experience terms
was redoced somewhatin each cohort when job tenure was in-
cluded in the earnings function. In addition, all of the school-
ing coefficients were somewhat lower when job tenure was
included. These resulis supgest that the estimated prices of la-
bar might be improved if job tenure conld be included in the
egrmmgs function.

Unionization. There is extenstve literature on the possible ef-
fects of ynionization on labor productivity. Unionization
could alfect the returns from schooling and/or the shape of the
eamings-expenence profile, cause firms to seek higher guali-
ty workers, or provide a collective voice to discuss working
conditions and production methods2! Marginal products
may olso diverge from eamings if onions and firms exercise
markei power.2? In most years nmonization has not been re-
poried in the March sapplement to the CPS. The NLS re-
ported both union membership and covernge by collective
bargaining agreements for the participants in the four oohorts.
For each cohort, eamings functions were estimated with and
without 3 dummy variable for union membership.

There i= no generally consistent pattern of changes in the
estimated schooling coefficients when onion membership is
included m the earnings function (table B-6). In addition, the
changes are small except for the older male echort for which
including union membership substaptially increases the
schooling coefficient for those groups with 13 years or more
of schooling The estimated coefficients with respect to both
the Tinear and second degree experience terms are only ne-
gligibly changed when unton membership is included; thisis
true for each of the four cohoris. The dummy vanable for
unionization is statistically significant in each cohort. 2 [t is
difficultat this point to judge the net effect of including union-

20 Job tepusee is slso rebated to unjonization vo that including itin the eam-
ings fimclion capiires fome of the «fects ol unionizition fm earntnes. Tets
redatert 1o unionization are reparied m the ool seciion.

I See Ashenfelier and Johnson (19721 fir 3 discassion of umens aod
worker guality, H. Gregg Lewis (1953) For o survey of umon efects; and
Siafford and Dhenean (1980) for an analysiz of the inemction of unions and
working conditions. Recent models of imlomns suggestthat unions mey haved
positive falbier than negative impact on productivity, ard therefore omon
wige differentials result from higher marginal products of unionized work-
ers. See Addison and Bameit { 1982) for a survey of this issue.

12 See Heywond | 1986) a5 an example of s stody estingating the impact of
Tirm concentration o) eamings.

L Esperiments were also thone Wwith union cancentration mtios and sales
concentralion ratios by mduetry, bt the results wers either statistically msig
aificanl or untenahie,



Table B-5. Estimated coefficients for schooling and experience in hourly esmings functions including and excluding job tenure’

Waimen Mer Women Men
Coaficient Age 26-36 Age 30-40 Age 44-58 Age 5568
Inciuding Excluding Including Exeluding including Excluding ineluding Excluding
Constant ......... 0.570 0,802 0.848 0785 0.662 D.695 0.333 0.257
(4.5) {4.7) (8.7} (2.0) (7.8} (7.3 11.1) (.8)
Schooling
811 years ...... L8 203 1658 A78 165 64 -NB 133
(2.2) (2.3) (3.2) (3.4) (38 (3.5) (2.9} {3.2)
12years :-:oi... 212 338 270 .29z 348 387 237 268
{3.8) (4.1} (5.8) (5.0) (B.5) 8.4) {6.4) (7:0)
13-15years..... A0T 418 A7E 393 00 BN frea= L Az0
(4.6) (4.8} (7.8) (7.B) (1 .L':I} (11.0) (7.5} {7.8]
1Byears . -- .B78 JO07 B4 534 505 B19 481 A5
(7.5) 77 {10.0) {10.0 (11.0) (11.0) (7.0 (7.3}
17 of more L J73 J20 534 558 TH Ba2 E5T GBE
(8.1) 8.1) {10.0) {11.0) (14,0} {14.0) (0.0 (11.0)
Work experience
Exparience ..... 058G 0521 0700 0811 a31e 0345 0346 0410
2.0 i2.4) (6.5) (7.6) (5.4) {5.7) [2.4) (2.8)
Experiance
squared .. ... - 00128 = 000004 -00194 = 00212 - 00sS -00047 -.00043 =00054
(1.1} {.0) (5.2 [5.6) (3.5) (3.2} (2.6) (2.8)
Omiited vanable
Job Terure ..... 0345 = 0120 - 0138 - 0103 -
(6.8) (6.8) (2.3 (8.8)

Source: Mational Longituding! Survey: 1930 for Women age 28-36,
1980 for men age 30-40, 1981 forwomen age 44-58, and 1976 formen

age 55-68.

1 The estimalad eamings funclions alse Include race, Hispanic or-
gin, vetaran status, marital status, number ol dependents, residance

status, health problems, region, and par-time work schedule.

Table B-6, Estimated coefilcients for schooling and experience in hourly earnings functions including and excluding union

membership'
Women Men Wamen WiEn
Coeffcient Age 26-36 Age 30-40 Age 44-58 Age 55-62
Incliuding Excluding Inzluding Excluding Ineliding Excluding Ineiuding Excluding
Constant .. ......- 0.588 0602 0.785 0.785 0.707 0,655 0.1B3 0.257
(4.4) (4.7} (8.1) {8.0) (8.1) (7.3) (-8} {g)
Schooling
911 years ... 218 208 162 178 159 164 126 133
(2.5) (2.3) (3.1) (3.4) (3.4) (3.5) (3.1) {3.2)
12yBars . . pa_. B52 338 277 292 357 A57 282 266
(4.3) (4.1} (5.8) (.0} (B.5) (B.4) (7.5} (700
13-15years..... 443 AE 389 293 510 A1 AGE 420
5:2) (4.8) (B8.0) (7.8 (11.0) (11.0) (8:8) [T.8)
16 years ... Ja2 07 ‘BaG 534 G0G BE18 03 515
(8.0} {7.7) {11.0) (10.0) (11.0 (11.0) (B8.4) (7.3)
17ormem ..... TE2 780 575 SEE TBS B22 T4T BBE
(B.2) {8.1) 1.0 (11.0) (14.0) {14.0) (12.0) 111.0)
Work experiance
Expenence _ ., _. 0534 0521 07V5a JAB1 D331 0346 0381 0430
(2.5) {2.4) [7.2) (7.6) (5.5) 5.7 (2.6) (2.B)
Experignce
squared .., ... =00017 -.000004 0013 - 00212 - 00045 -.0004T -00p4a -, 00054
(1) (.0) 5.1} (5.8) (3.1 i3.2) i2.6) 12.8)
Omitted variable
Uinlon Membar-
7 S 216 . .129 - .148 - 220 -
(5.5) (5.8) [4.4) (7.2)

Source: Natienal Longltudinal Survey: 1280 for Women age 26-36,
1980 for men age 30-40, 1981 forwomen age 44-58, and 1976 lorman

=ge 55-89.

' The astimated eamings lunctions alss include race, Hispanic ori-
gin, veteran status, marital stalus, number of dependents, residence

status, health problems, region, and part-time work schedula,

¥



ization on the estimated prices, but its effect on the returns to
education and experience appear small for most workers.

Summary and conclusions
The prices of labor used to calculate the weights in the

Torngvist labor input index are based on eamings functions
using CPS data. (The estimation of these prices is discussed in
appendix E.) There are & number of problams in wsing the
CPS data for this purpose. Two of the more important are: (1)
the Sorvey does not collect data on actusl expenience, 5o Te-
searchers using the series have had to employ a proxy based
gm potential experience {age minus 6 minus years of school-
ing) ot age; and {2) the CPS omits a number of variables that
are corelated with years of schooling and/or experience, and
omitting these variables could significanty bias the caleo-
lated prices. This appendix reports a number of experiments
directed to these questions using the NLS which collects
some of the relevant information.

Regarding the use of potential experience rather than actual
experience, the results indicate that polential expedence, on
the whole, 1= an inappropriate proxy for aclual experience.
The equations for the female cohorts in which actoal experi-
ence appears fit the data much betier than those in which po-
tential experience appears. For the female cohorts all of the
experience cocfficients are statistically insignificant when
potential experience is used, whereas three of the four coeffi-
cients.are significant when actual experience 15 used. For all
of the groups except the younger male cohor, the schooling
coefficients exhibit a downward bias when the equations are
estimated with polential experience., In sum, the use of poten-
tizl experience as a proxy for actual experience is likely o sip-
nificantly bias the prices of labor and hence the weights in the

33

Tomgyist labor input index. Because of this, estimation equa-
tions for actual expedence are developed in appendix C, and
the resulting measures are osed in the estimation of eamings
functions in appendix E.

Turning to the omitted variables, including 1Q scores in the
eamings functions of the younger cohorts causes nearly all of
the schooling coefficients to decrease. Because the available
information is LOmited (in panicular there is no ability
measure available for the older cohorts), it is difficult o assess
how excluding ability from the eamings function affects the
prices of labor. Inclosion of an ability measure iz likely to
Tower the returns to education and ultimately the growth rate
of the Tomgvist index of labor input (assuming the
distribution of ability remains constant over time). On the
issue of job tenure, inclusion in the earnings function lowers
the coefficient on the first-degree experience term somewhat,
with one exception, Additicnally, almost all of the schooling
coefficients decline, though the differences are penerally
small. While the omission of job tenure would appear to have
the preatest impact on the wage model of all the addinonal
variables considered in this appendix, its effect on the
measures of labor composition may be small. The total return
to experience (job tenure plus actual experience) may not
differ greatly from the return 1o work experience when job
tenure is omitted. Finally, when unionizacon is incheded in
the wage equation, nearly all of the schooling coefficients
change, with the coefficients for the higher education levels
tending to rise, However, except for those groups with 13 or
more years of schooling within the older male cobon, the
differences are again small. Overall. the omssion of
unionization is not likely to have a substantial effect on the
weights used to calculste the Tormgvist labor input index,



Table B-7. Basic estimated hourly earnings functions by cohort, National Longitudinzgl Survey data’

Women Man Women?® e
\ariable
(Age 26-36) (Age 30-40) (Age 44-58) Age 55-63)
CONBIANE 2.t ticaampimanmtin 0.602 0.785 0.695 0257
(4.7) (9.0) (T.4) (0.2)
Schoaling
G911 VBBE oo bivmmnramniiis 203 178 164 133
(2.3) i3.4) 13.5) (2.2}
TE YRR oo es v sk L 338 foic 2 357 268
4.1) {6.0) {8.4) (7.0
13-16YEEMS .. vvvsesers-ant 418 393 BN A20
(4.8) (7.8 1) (7.8)
TEVEHIE, e fgoanpimans Fo7 534 £13 515
(7T} {10) (1) {7.3)
YT IO il et 790 558 822 JBBE
(8.1} (11} {14) (113
Work experience
Experence ..... Rt e e 0821 0811 0348 0410
(2.4) i7.6) (5.7) (2.8}
Experience squarad ... ... = 000002 - 00212 -.000a7 - 00054
{.0) {5.6) {3.2) (2.8)
Ofher charactanistics
Black:...... P, R R -01B8 - 169 - 0B2 =163
(.4} (5.9) {2.5) (2.2)
Pispanle ceepesssprawiagy 21 0e L35 =087
(12) (-5 (-5) (.5)
VEIEIEM . . ce thmmrwseome il - 056 - .058
{3.1) {1.9)
Married, spouse present . ... 082 AE0 051 454
(24} [5.8) (1.1} (4.7
Married, spouse sbsert . 153 AZ0 .03 279
i3.2) (3.5) (1.8} (2.6}
Mumber of dependents® __ -Ds57 o2y 005
(4.7} (3.8) {.7)
Resident of central aity ... . ATT 183 163 85
(4.7} 8.1y (7.8) (5.3
Resident, balance of city ., . 114 219 A67
(3.3) {11) (5.0)
Health problem ,........... 030 -.185 - 085 =144
(-5) (5.9) 2.9) 4.1}
Southem region -....-..-.. -0a7 -.085 -.040 - 113
(3.2) {4.7) 2.9 (3.6}
Fart-time worker -...:..., - 051 =017 -, 184 -.280
(1.8} () B.1) 5.1)
Degrees of freedom ... ...... 1483 2460 1578 1338
= C o R e e 20 26 ey a7

Source: National Longitudinal Survey: 1280 for women age 26-36, (for exampla, race, number of dependeants),
1960 formen age 30-40, 1981 forwomen age 44-58, and 1976 lormen £ Women age 44-58 use one dummy variable for all residents of an
age 55-69, SMEA.

! Note that the eamings function usedin this appendix contains vari- 3 Forall women, the number of children is substituted for the number
ables not included in the eamings function described in appendiy E ol dependants,
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Appendix C. The Estimation

Equation for Work Experience

The Current Population Survey (CPS) the basic data
source used Lo estimate the annual prices for the labor input
index, does not collect information on work experience. Po-
tential experience (age minus 6 minus years of schooling) and
age, which are available in the CPS, have been usad as proxies
for actual experience, but they can yield biased estimates of
prices of labor.

Appendix B briefly reviewed econometric issues and also
presented comparisons of regressions performed with mea-
sures of potential and actual work expenence, using National
Longitudinal Survey of Labor Market Experience (NLS)
data. The comparisons suggest that the contributions of
education and expenence lo earnings are both biased when
potential experience is used, Biased estimates were found for
each of the four cohorts reported in the NLS (that g, for young
men, young women, ¢lder men, and older woroen), but they
were most pronounced for women, This reflects the fact that
the work histories of women tend to show interruptions be-
canse of child bearing and rearing, This appendix describes
the development of an expenience measure which overcomes
some of the shortcomings of using potentizl experience orage
i an eamings function.

The prices in the labor input index are obtaiped in two
stageés, Inthe first slage, experience equations were cetimated
separately for men and women based on actual work histories
through 1973, These equations relate potential experience
and other information available in the CPS to actual work ex-
perience, In the second stage, estimated aclual experience and
data reported in the CPS on schooling and other worker char-
acteristicsare used to esiimate earnings functions for men and
women. These earnings functions are then used to calculate
the prices employed in the Torngvist labor input ndex.

The experience equations are the first stage in a two-stage
process of estimating eamings functions, This appendix de-
scribes the estimation of the experience equations. Appendix
E describes the earnings functions. The expenénce equations
are estimated from a matched sample of the Current Popaola-
tion Survey, Social Security Admimsiration (S5A) records,
and Internal Revenue Service data,’ Confinuous quarterly
work histories (hereafter, referred to a5 SSA experience or ac-
tual experience) from 1937 through 1972 reporied o 55A
were matched to a variety of worker characteristics available
in the March 1973 CPS. The 1973 exact match file is the only

L1158, Depurtment of Health, Education and Welfare, Socisl Security Ad-
ministration, “Studies from Interagency Data Linkages ™
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one now available for use outside of the Census Bureau.
The body of this appendix is divided into three parts, The
first section deseribes the match sample data base. The second
section discusses the specification of the experience equa-
tions and presents the estimates, In the final section, the re-
sults are tested sgrinst allemabive exponénoe measures in es-
timating earnings funciions and prices of labor for 1973,

Exact maich file
The 1973 exact match file produced by the Bureau of the

Census and the Social Security Administration linked the
Current Population Survey with Social Seconty and Infernal
Revenne Service records. The starting point was (he March
1973 CPS. Auempls were made to match these individuals
with any or all of their SSA eamings, 55A benefits, and 1972
IRS records. More than 90,000 individuals were matched
with their 854 records. These records provide quarterfy sta-
tistics of contnuous work histones covered by the Social Se-
curity program for the peried 1937-72,

Further adjustments were made to the exact maich zample
in order to make it more consistent with the scope of the BLS
multifactor producivity measures, First, the sample was lim-
ited to paid employees 14 years of age or older who were cuz-
rently employed in private nonagriculiural industries, saiis-
fied the SSA-CPS exzct match rules, and had only one Social
Securily number, Workers excluded from the Social Security
program until the egarly 1950's (for example, employees in
welfare and religious arganizations, domestic workers, agn-
cultural and rail ransporation Workers) were excloded from
the sample because of lack of information on their work expe-
rience prior to that time. Black and Hispanic workers werenot
included in the sample, because they were more likely tohave
been employed in indusiries not covered by Social Security.

The SSA-CPS exact match sample omitted information
that was available in the CPS and needed for estimating the
exp-rence equations. For example, itexcluded the number of
children who were ever bomn to women, which was available
in the CPS. The exact match sample was rematched with the

1 There 15 a 1980 exdct match fle, bub it s oot clierently available foruse
outgide of the Censws Borean and doss not contain as complete a set of vari-
ibles as the 1973 file, Tn addition, the Survey of Income and Program Partici-
pation callects measures of work experience for 2 nationally representative
sample of the lahor force, &nd 3t bas been matched 1o the Social Security Ad-
ministfation's continuobs work history file. BLS is curmently examining
thess dita soitrces, and if any proves nscfol in providing an updated experi-
ence equation, il will be incorporated in furore revisions of the BLS labor
composition measures,



Table C-1. Summary statistics for exact mateh flie, 1973

Men Women

Variable

Mean

S5A work experience
(quarlers) ..... o i 2w e £9.52 4556

CPS potential experiance

T T PN e 20,24 19.78

CPS potential experiancs
prior to 1837 {quanters) .. ... i 458 434

Ade(Yaam) it e 3B.21 37.59

Education (years) «:.-_...-.... 11.85 11.69

Fercant

Education
0-4 yaars (S0-4) ... ... ... 1.08 .58
SByaars [S88) ... - rrrerers 11.47 A.06
917 years (S5-11) .. ..., : 18,62 18.25
12veasE{812) ooiiiiiane. 39.B5 5279
1315 years (S13-18) ..,... " 15.58 14.42
16 yerrs (518} . ..ociiowin B.83 4.62
17 or more

Yoars (BI174]) ..oovinnnnin 4.45 1.29

MNonprofit Industries ... ..., . .05 20.90

Evermaried ... oqveeiriaianne - TETO
Spouse prasept ..., - 884
Spoussabsent ., ... .c0-uoe.. - 17.86

Mevermaried ....... pEozod s - £330

Children ever bom to women!

Mo children (KIDO) ..., ..o\ - 40,67
TCH (KDY o e il - 15.684
2 Children (KID2) ... ... - 20,04
3 Childeen (RID3) .....cooul - 1228
& ar more

Children (KID4UP) ., _._ .. - 11.20

Veleran «.o.oociien.. Pl st 4981 -

Sample size .. co0iiiaiains 17138 8,685

1 Figures bassad on exact match sample for women with 25 or fewer
years of potential work experience and the mean number of children
ever bom from Ihe 1570 decennial census for &l other women,

MOTE: The percent distributions may not sum ig 100 dus Io rotnd-
ng.

original CPS March 1973 data in order to inchuds these
omitted characteristics, The final sample used comprises
about 8,700 women and about 17,100 men. Summary statis-
tics and acronyms for common vanables used throughout this
appendix can be found in table C-1.

There are several additional qualifications in using the ex-
act malch sample that should be noted, First, despite attempte
ta exclude all workers not covered by Social Security, some
remain in the sample. Workers in nonprofit organizations
were frequently covered by private pension plans and were
exempled from Social Security coverage, Such exempt work-
ers were mainly in service industries that are largely nonprofit
(such as the medical and educational industries). The exempt
workers could not be identified and exciuded from the sam-
ple. The only way to remove most of those exempt workers
from the sample was to exclude those indusiries from the
analysis. Since this would have removed many covered work-
ers from the sample as well, this was not done, An interuction
ierm between potential experience and employment in indus-
Ines with 4 large percentage of nonprofit establishments was
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included in the expenence equation to accowit for the exemp-
fion from Sochal Security coverage of some warkers in non-
profit industries,

In addition, it was not possible to determine which of the
currently covered workers were previously employed inun-
covered sectors because only the cumrent occupation and in-
dustry of the worker are reported, Thus, work expericnce in
previous uncovered employment could nol be credited o
these workers. Table C-1 reveals that men spent more than 85
percenit of their potential working lives employed in coversd
mdustrics. The remaining 15 percent includes periods of un-
employment and time out of the Tahaor force, leaving relanvely
little tme for employment in uncovered industries.

Also, in the matched sample, experience is mmcated for
those persons who worked prior to the inceplion of the Social
Security program in 1937 so that their expenence 18 under-
stated. To take sccount of this, a variable for “previons experi-
ence” was created that equals the number of quarters between
the person’s leaving school and the first quarier of 1937; per-
sons who lefi schoo] after 1936 are assumed to have had no
earlier experience. Thal is, previous experience equals the
number of quarters of potential experience that the person ac-
cumulated prior wo 1937, Finally, the reported SSA quarterly
figures may not reflect different durations of emplovmeént
during the quarter; the worker employed only 1 week during
the quarter and the worker emploved doring the entire quarter
may be both credited by the SSA for one guarter’s emplov-
ment.

Experience equations
The equations used to estimale sctual SSA work experi-

cnce are essentially empirical in that no attempt was made to
develop a theoretical model ¥ Since the purpose of the equa-
liom is to estimate actual experience from data reported snnu-
ally in the CP5, the explanatory variobles are limited 1o those
that are consistently reported in the CPS.

Actual quarters of work experience teported o the SSA are
modeled as a function of potential experience (age minus
years of schooling minus 6), a set of schooling dummy vari-
zhles, the interaction of potential experience and schooling
variahles, potential experience prior tn 1937, the interaction
of potential experience and a dummy variable for employ-
ment in a service industry with a high proportion of nonprofit
workers, and other worker characteristics. The experience
model is linear in form and appends an independent and iden-
tically distributed error term. Tables C-2 and C-3 contsin a
complete specification of the experience model, Each of these
variables has been discussed above except for data on marital
stanis and fertility of women. These are discossed below,

# Work experience in the current perind depends un pricr work experience
among other fictors. A model of work experience which reflects s effect
could be modeled by a hozard function (s series of equaticns in which the
prabability of eurent employment depends on those variables found intable
C-1 and prior experience), Toml experience al a point in fime would then be
the sum ofa set of equetions from the point of Tabor force entry until the pres-
enl. Such a madel of 1otal experienze would require data not available i the
matched datz set,



Note also that the work expenence equation covers work
histories through 1973, Secular changes in labor force partic-
ipation especially for women may have substantially altered
the parameters of the work expenence equation in recent
vears. If so, measures of work experience afier 1973 may be
inaccurate and bias the labor composition measures. Tesis in
gppendix G indicate that labor composition measures do not
suffer from the use of a <ingle experience equation.

Estirnates. Table C-2 shows three estimaled expenence equa-
ticing for quanterly SSA cumulated work experience for men.
In equation |, the dependent variable comprises all reported
55A experience; it includes all reported work expenence in-
cluding work experience while attending school. Equation 2
includes the same variables as equation 1 except that the de-
pendent variable includes only work experience after leaving
school, To obtain figures for work experience after leaying
school, it was assumed that persons attended school continm-
ously and that age upon leaving school is the number of
school years completed plus 6. Eguation 3, like 2, includes
oaly work experience after leaving school as the dependent
varjable but excludes the dummy varahles for yvears of
schooling,

The coefficients of determination (R2) are between 0.84
and 0.87, indicating that each equation fits the data fairly
closely, particularly when compared with those generally ob-
served in similar household cross-section studies. The coeffi-
cients of determination are slightly Targer for equations 2 and
3 than for 1, This reflects the fact that the dependent variable
(554 postschool experience) in equations 2 and 3 refers to ex-
penience after leaving school, whereas in equation 1 the de-
pendent variable comprises SSA total expenence.

Interpretation of the estimated coefficients should be made
with caution because litlle structure was inposed on the expe-
rience model. Inclusion of the schooling dummy variables
and the interaction of these dummy variables with potential
experience are included to permit both the intercept and the
rate of acquiring work experience to differ acrosy different
schooling groups. Differences between schoolivg dummy
variables may reflect differences in work expenience while
stillin school (especially in eguation 1), but alzo reflect differ-
ences in the hkelihood of unemployment and spells out of the
laber force.

All of the estimated schooling coefficients 1n equations 1
and 2 are statistically sigmificant (at the S-percent level of sig-
nificance). In equation 2 the schooling coefficients for men
with 12 or more years of schooling are all positive and lie be-
tween 2.0 and 3.30. Each of these coefficients represents the
additional quanters of 5§84 postschool experience that men
with at least a high school diploma have acquired in excess of
the experience of men with 9-11 years of schooling (when
both groups have zero potential experience).* For men with
9-11 years of schooling, estimated SSA postschool experi-
ence when potential experience is zéro is given by the
constant. which equals 0.31 and which is not statistically sig-

Table C-2. Estimated experience equations for men, 1972

- ua- | Egua-
Variable Egﬁ lEign 2 ﬁgnaﬂ
T B ey i o A e e 3.00 o3 212
[7.1) (8] (6.8)
Folential expefence . ......... e W - 3.88 2.80
(B4 a9 (20)
Potential experence squared ... ..... =021 =019 -021
(7 (16) (18)
O-4Yoars Schoollfg .. o.ovvverrion [ -18.23 | -16.78
(5.2) i4.8) -
S8 Yoarsschoolng .........000v00..|-1318 066 -
12) 1) -
12Yearsschooling o ...iovicnness s 4.09 a2 -
(14) (2.5)
1315 Yearsschooling ... ..., ...... 980 2.01
(16) (3.4)
16 Years sehooling soce oiip000 | 14,88 2.26
(18) | (28)
17+ Yearsschooling -............ .| 1558 37
(14) (3.0
Potential oxpenence * Sltod ., ..., =08 -14 -
(0.8) [1.5)
Patential experence * 8508 .., ... A5 a7 -
{4.8) (2.2}
Potential experence * 313015 . ... .. -05 R 5
(1.7) {4.4}
Potenlial experence *S16 .., ,.......| =18 = -
{4.0) {3.2)
Potential experience S174+.. ... ... .. 45 18 .
{8.2) {3.5)
Pravious expefients .. .oveevevnenc| =8P -.43 - 47
{18} (18 L]
Potential experience
* nonprofitindustries - ...o.ooo00 .| =83 .32 -1
(15) {158) (14}
Deqrees of fieedom <y - .oy qeee,n. 17,120 | 17120 | 47181
ey P .84 87 ER

NOTE: The dependent variable in equation 1 is all reporlsd S54 ex-
pedence, Equations 2 and 3 uze reporied SSA experience afer lsav-
ing school. Persons are assumed to attend school continuolsly, Age
upen leaving school is defined as the numbsr of years of completsd
schooling plus 6.

In each equation the dependent variable is measuredinguarlers, as
is previous experience, Potential experence is measured in years

Source: Current Population Survey, Administrative Record, axact
miatch Me.

nificant. These estimates suggest that men with at least 12
years of schooling tended 10 acquire 2 or 3 quarters more of
SSA expenence during their working lives than men with
9-11 years of schooling (all other things equal). The coetfi-
cients for the two lowest schooling fevels in equation 2 are
negative.

The eftect of a high school diploma on experience is more
pronounced in equation | than in eguation 2. The difference

*55A postschon] experience can e pusilive when potential experience i
2ot becouse of the manner in which potential experience is caleulated, 1f
man bam in 1930 comipleted callege in 1972 dnd then worked for 1wo goar-
ters in covered employment. be wenld have rern vears of patentizl exper-
enge (nge mindg f minds vears of schonling] end rwo guaness of 554 post-
school experiencs ol (he eod of 1972 This effect may also reflect discontimi-
ties in altending college



between the schocling parameters of equations 1 and 2 also
increases as the level of schooling increases. It is tempting to
interpret this result as additional work experience while in
school. That is, high schoo] gruduates work 4.99 more quar-
ters while in school than men who complete 9-11 years of
schooling. While this may explain mach of the differencesin
these coefficients, as cautioned above, other factors such as
unemployment and Iabor market absences may apply as well.

Equations 1 and 2 also include interaction terms between
vears of schooling and potential experience. The coefficients
on the interaction terms for 13-15 years and 16 years of
schooling are positive and significant in equation 2, indicat-
ing that men with 1-4 years of college acquined more SSA ex-
perience per year than those with 1-3 years of high school
(that is, the group with 9-11 years of schooling). This may re-
flect, in part, the fact that less educated workers fend to expe-
nence more ot longer spells of unemployment than more edu-
cated workers. The negative coefficient on the interaction
rerm for 17 or more years of schooling may have occurred be-
cause such workers may have been more likely 10 work in
nonprofit organizations (such as private schools and hospi-
tals) and to be covered by a pavate pension plan rather than
Social Security. In equation [ the coefficient on that term is
even more negative; firthermore, the coefficients on the -
teraction lerms berween potential experience and 13-15 and
16 years of schooling are negative in the first equation. One
possible explanation for this is that better educated older men
in the sample may have had less experience in covered em-
ployment prior to leaving schoal than better educared youn-
permen. The younger men may have acally worked more,
or they may have just spent more ime in jobs covered by So-
ctal Security.

The esnmated coefficient with respect to previous expen-
ence—ithat is, potential experience prior to 1937—is negative
and statistically significant in'all three cquations. The coeffi-
cient is negative becanse work experience prior to 1937 is not
reflecied in the SSA measures of expenence.

As expected, theinteraction term betwesn potential experi-
ence and nonprofit industries has a nepative coefficient (and
is statistically significant) in each of the three equations, Per-
sons in this sector were not in covered smployment and
mstead were under private pension plans. Such people had
fewer quarters of SSA expenence than would be expected
baesed on their education and potential experience. Asa result,
the coefficient on the interaction term between potential ex-
perience and nonprofit industries is negative,

Table C-3 shows similar expérience equations for women.
Agan, the dependent varisble in equation 1 comprises SSA
total experience, including jobs held while in school, whereas
those in equations 2 and 3 include only postschool experni-
ence. In addition to the explanatory vanables m the equations
for men, the equations for women also include dummy van-
ables for “ever married” and “number of children.” Inclusion
of these additional varisbles can reflect he impact of a
waoman's responsibilities for children on her participation in
Inbor markets.

Table C-2. Estimated experience equations for women, 1973

Egua- | Egua- | Egua-
Variable toni | fion2 | fion3
Constant ...... T o T T B = - 0.28 1.920
(2.4) (3 310
Potential @xpenisnod . o.oeeeveeaan 4.26 .38 425
(35} 137} 37}
Polential experdence squared _.__ .. | -03E -037 - 0B
{13) {13) (13)
Evermamed ....iccciiemnarinssa 2.60 229 283
(2.0} {2.3) {3.1)
Potential experience
evarmamied ... ... ..icenpe..| -1.02 -1 4113
(6.8 (7.5 {7.8)
Potential experiance squared
“oyarmanied.. ... ovinevseacang| AT 018 019
5.4) 52 (6.2)
Polential experiznce~KIDY ., ..., .| =30 - 29 -23
(3.8) (3.8) (3.0}
Polential experdenca*KID2-3 ....... | =83 -B6 - B2
{12} {13) (12)
Potential experience * KID4UFP ..., . -1.14 -1.18 -1,18
(13) (14} 114}
D4 yearsschooling —.......ocv0.o-.|=1B33 | <1673 -
(23) (2.2}
B-Byearsschooling .. ..._..........|-1113 | -8.866 L
{4.3) {3.8)
12yl SChOOING (4 -cecessenscaia.| 398 195 S
(3.8) (1.9)
13-15yearsschooling . ..coaczaeioss B84 3.8 -
72 (=7
16 years 8hooling (4. vvvvvnennceaas ) TTAT 341 -
(E6) (2.0
17+ yearsschooling .. ..., c..oopo. .| 16,39 .30
14.7) (1.8)
Potential experience * 50104 .........| 19 A5 -
(.9 (-7}
Polential experiance * S508 .._...... 4 1 -
(2.0 (1.5)
Potential expenence ™ 512 ...... - -06 -02
(1.4) (-5}
Potential experfence " S13015 .., . .| -A48 -az
(B.2) 155
Potaritial experience " 516 . . . ccciivna =61 -2 -
(6.8) (4.6)
Polential experence " S817+ ...,..... | =107 -.80 -
(7.2 (55)
FPatantial expenance
* pongrofit industies ........-,...- -28 -.28 o
{12) (12} 14)
Degrees of freedom , i v veevaiinase ... | 8663 | BEGI BETS
e TR gl Ll S B0 63 52

NOQTE: The dependent variable in equation 1 is all reported S5A ex-
pefence. Equations 2 and 3 use reporied SSA expernence after leav-
ing school. Persons are assumed to attend school continuously. Aga
upon leaving school is defined as the number of years of completed
schooling plus 6.

In each equation the dependent variable is measuredin guarners, 25
Iz previous experionce, Potential exparience is measured in years.

Source: Current Population Survay, Administrative Record, exact
match file.

The “number of children™ refers to the nomber of relaied
children of any age and marital status living in the household



or away attending school. For relatively young women, this
meastre accurstely connts the number of children ever bormn
1o these women. However, for relatively alder women, these
children may be adults and no longer living at home. Conse-
queniy, the quality of this measure of children erodes as the
age of the women in the sample increases. A compansan of
these responses with those of the 1970 decennial census
iwhich does not suffer from this problem) indicated that the
data are satisfactory for women with 25 or fewer years of po-
tential experience (age minus schoaling minus 6). As o result,
for women with 26 or more years of potential experience,
these data are not used.

Instesad, the mean number of children ever bom o women
with 26 or more years of polential experience from the 1 in
1000 sample of the 1970 decennial census is snbstinited. That
is, the proportion of the women with zero, 1. 2 or 3, or 4 or
more children ever bom substitutes for the comesponding
dummy variable for children. In addition, different propor-
tions are used for each of five educational groups of ever mar
ried women, and a separate group is used for all never married
wormen.”

The experience equations for women do not fit the SSA-
CPS data as closely 4= those for men, In each of the three
cases, the equations explain about 60 percent of the variation
1o actnal experience among Women compared with more than
80 percent for men,

The pattern of the schooling coefficients for women in
equations 1 and 2 is sumilar to the pattern for men. The coeffi-
cients for those with 8 or fewer years of schooling are all nega-
tive. Tha remaining schooling coefficients are posinve, with
the coefficients in equation 1 exceeding the comesponding
omes in 2 due o the inclusion of work experience while in
schoal.

In contras! o the men’s equations, the coefficients on the
interaction terms between potential experience and years of
schooling in the women's equations decline continuously as
years of education fse. There are at least two plausible ex-
planations for this. One is that better educated women in the
private-sector work force in 1973 may have been more Likely
than their male counterpants to have previously been in non-
profit industries and not covered by Social Security.% Anoth-
er possibility is that there nwy have been a comelation be-
tween wornen's education level and hushand's income; in the
years prior o 1973, this may have resulied in lower lshor
force participation for more highly edocaled women.

As with (he men's equations, the coefficients on (he inter-
sction terms between potential expenence and vears of
schooling for women with 13 or more vears of education are
lower in equation 1 than inequation 2. The explanation may
well be the same as the one suggested for the men's equations:

= The proporiions are used on o sumple of women whe worked in the
previous year in the private besiness sector; The educations] groups wre for
women with (-8, 811, 12, 13-15, and 16 or more years of completed
schooling.

& Accarding to tble C-1, 21 percent of the women in the sample Weie
classified in the industfies with a large percentige of nooprofit establish-
menis compared to only § percent for men.

The older women with high levels of education might have
spentless time in covered employment prior to leaving school
than the younger women with high levels of edocation did.

The remaining estimated coefficients of the women's expe-
rience equations generally have the expected signs. The sole
exception involves the “ever married”™ vanable, which has
positive sign in each equation; however, the mleraction lerm
between potential eXpenence and "ever marmed” does have a
negative coefficient in each equation, Furthenmore, the posi-
tive coefficient on the term for the interaction of “ever mar-
ried” and potential experignce squared has two effects on the
pattemn of women's work experience. First, the depressing ef-
fect of marital ststus on work experience reaches ity maxi-
mum effect about 30 years after leaving school, Second, after
that point, the effect of marital stams diminishes somewhat.
This may indicate that many older marmed women retum o
the work force afier raising their children, All of the coeffi-
cients in table C-3 pertaining to children have negative signs,
wilh the magnitudes of the coefficients increasing as the nume
ber of children rises. This confirms the expectation that the
duration of 8 woman's absence from the labor force increases
with the number of children she has. Finally, interacting po-
tential experience and nonprofit indosiries yields a negative
coefficient, as it does in the men’s equation.

Testing the alternative experience measures
The second stage of the two-stage approach for obtuimng

prices of lshor involves estimating earnings functions using
the estimated values from the experience equations (equation
1intables C-2 and C-3) as the measure of experience. This sec-
tion employs the 1973 data to compare these results (and the
resulls of shiermnative approaches) against those based on actu-
al 85A total experience which is only available for that year,

Sehooling and experience coefficients. Tables C-4 and C-5
show the estimated schooling and experience coefficients for
men and women, respectively, based on altemative measures
of experience. The estimated earnings functions from which
these are taken are shown in tables C-9 and C-10, The first
column shows the results based on sctual S5A total expern-
ence mcluding experience acquired while in school. Thatis, it
is based on the “preferred” measure of experience and, there-
fore, the one against which all of the other resulls are
compared.

The wage equations nsed in this appendix differ from those
actmally osed in the construction of the Isbor compaosition in-
dexes. Additional explanatory variables are nsed here 1o
minimize the impact of the expenence measures on the esti-
maled parameters. If significant parameter differences re-
main, this more comprehensive specification of the wage
madel strengthens the inference thal the choice of the experi-
ence measure 15 the source of the parameter differences.

The second column shows the estimated coefficients when
only SSA postschooling experience is used lo measure expe-
tience, Comparing these results with thase in column 1 indi-
cates that the estimated returns to additional schooling tend to
be higher when postschool experience is used, particularly for



Tabie C-4. Estimated schooling and experience coefficients of hourly eamings functions based on alternative measures of

exparience, men, 1973
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Source: Table C-3.

those with 12 or more vears of schooling. The higher coeffi-
cients zre in effect, “compensating™ for the omitted work ex-
penence while in school. As shown in appendix A, the share
weights used to construct the labor input index are based on
the product of hourly prices and actual hoors worked. There-
fore, prices calculated from an eamings function using only
postschool expericnce would impart a positive bias to the
weights on the hours of workers with higher levels of school-
ing. Since there has heen a secular shifi in hours worked from
persons with less to those with more education, the labor input
index would include an upward bias over time. This is the rea-
son that prices based on actual SSA total experience are the
preferred prices. There is also a slight difference in the esti-
mated experience coefficients when experience acquired
while in school is omined.

Column 3 shows the results based on estimated SSA total
expenence, thatis, based on estimated experience using equa-
tion 1 in tables C-2 and C-3. This functiopal form, estimared
annually, is similar to the one actually used to calculate the
prices for the labor input index, Comparing these results with
those shown in column 4, where estimated SSA postschool
expericnce 15 used, indicates the same possible systematic
bias described above if the less comprehensive measure of es-
timated experience is used,

As discussed earlier, polential experience is a commonly
used proxy for actmal experience, and thus it can be consid-
ered as an aliernative to estimated SSA total experience. Col-
umn 5 shows the estimated coefficients based on poiential ex-
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perience.” The coefficients indicate that the schooling coeffi-
cients based on potential experience sre larger than those
based on the preferred measure, actual SSA total experience
shown incolumn 1. The estimates based on estimated SSA to-
tal experience, shown in column 3, generally lie below those
in column 1; also, the estimates in column 3 are for the most
part closer to thoss in column 1 than are those in column 3.
That is, the eamnings functions based on estimated SSA total
experience yield better estimates of the schooling coefficients
than those based on potential experience; this is 5o for both
men and women. The higher estimated schooling coefficients
hased on potential experience reflect, among other things, the
omission of experence acquired while in school. Following
the same reasoning as zbove, schodling coefficients est-
mated from eamings functions based on potential experience
would canse the weights in the labor inputindex to be biased,
and the biases would be posiavely related to years of school-
ing.

The results with respect to the experience coefficients are
somewhat mixed. In the case of men, the estimates based on
potential experience are very close 1o those based on the pre-
ferred experiénce measure; in fact, they are closer than those
hased on estimared S5A total experience. In the case of
women, on the other hand, the estimated experience coefli-

7 The eamnings finction based on potential expesience can be viewad asa
“partially” reduced form where the coefficients with respect to schooling in-

clude both the smmuctural relationship between edncation and work experi-
ence and the net relationship between schooling and eamings.



Table C-5. Estimated schooling and experience coefficients of hourly earnings functions baszed on aliernative measures of

experience, women, 1873

Actual SEA experience Estimaled SSA expaerence Potential
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Source) Table C-=10.

cients based on both potental and estimated S5A experience
differ substantially from thoge based on the preferred experi-
ence measure. The coeflicients for the first order term indi-
cate that the coefficients using actual expenence and esti-
mated experience are very close, and the potential experience
coelficient is too large. Conversely, the second order experi-
ence coefficients using actual and potential experience are
very close, and the estimated experience teom s too large,
This pattern suggests that the estimated experience equation
will underpredict the wages of older women, and the potential
experience equation will overpredict the wages of voung {and
possibly most) women. One possible but surprising reason for
the pattern of the experience coefficients in the potential ex-
pedence equation can be found in table C-10. While both the
estimated and actual experience equations mdicate that the
number of children has a strong effect on the work experience
of women, table C-10 indicates that the coefficient for the
number of children in the potential expenence equation is ef-
Fectively zero. One interpretation of this finding is that both
the return to experience and the earnings penalty of child rear-
ing are higher than estimated by the potential experience
equation. It appears in the potential experience equation that
the effects of both work experience and children on wages are
cambined into the coefficients for potential experience. For
imeasunng Iabor composition, it appears that women need o
be distinguished by Famly size, but the potential experience
equation can not make such a meanmgful distinction, For all
these reasons, the estimated experience equations appear 1o
better estimate the women's experience coefficienis.
Finally, it should perhaps be noted that the coelficients of
determination (R2) for the estimated earmings functions for

women gre comparatively low, between 0.12 and 0,15, These
are about half the size of those far men. However, the low R2
values are only relevant here if they reflect (1) missing vari-
ables that are correlated with years of experience or years of
schooling, or (2) 4 misspecification of the eamings functions,
partieularly with respect ta schooling and experience.

Hourly prices af labor. The above compansons of the cam-
ings functionz are somewhat inconclusive: Although the two-
stage approach based on estitmated SSA total experence
yields Jess biased estimates of the schooling coefficients than
potential experience, it does not do se for the experience coel-
ficients, particularly in the case of men. The net effect can be
ascertained by comparing the price estimates, which are
based on both the schooling and the experience coefficients.

These companisons are shown in tables C-6, C-7, and C-§,
for men, single womnen with no children, and manied women
with two or three children, respectively, Each table is com-
posed of three sections; each section corresponds to a differ-
ent level of schooling. In the first ine of each section, esti-
mates of SSA total work experience corresponding lo varous
levels of potential experience are given. These estimates were
calenlated with experience equation 1 from table C-2 (for
men) and Lable C-3 (for women). The remainiog lines in cach
section contuin estimated prices of laber for workers ata par-
ticular level of schooling, The prices on the second ling are
based on the eamings function which uses potential experi-
ence. For each level of potential experience in the tables, the
estimated price was computed with the coefficients in column
Jof table C-4 (for men) and table C-5 (for women). The third
line of each section contains prices that are obtained with the



estimates of experience in line 1 and with the samings func-
tion based on estimated total experience. The coefficients of
this earnings funetion dre m column 3 of tables C-4 and C-5.
The prices in line 4 of each secton are also calculated with
the experience estimates in line 1; the sarnings funclion
derived with actual S8A total work experience (column 1 of
tables C—4 and C-5) is used to calculate these prices.®

For men, estimated experience appears o be a modestly
better measure, Using the prices in ling 4 as the standard of
comparison, estimated experience yields better estimates of
prces in general for men with 3-8 years or 16 years of schoal-
mg. That is, the absolute difference between the price based
on estimated experience and the price based on actual experi-
énce 15, 1 most of the cases, smaller than the difference be-
rween those based on poteniial and actual experience. For
high school graduates putential experience yields slightly bei-
ter resulis in the majority of cases. Overall, estimated 55A ex-
perience performs better than potential experience. Since men
have a more or less continuous attachment to the work foree, it
should not be surprising that potential experience proves (o be
glmost as strong a proxy as estimated work experience,

¥ There are two wavs to caloalate prices in line 4. The prices could be esti-
matied nsing the mean level of actial work expenence comesponding 1o fhe
levels of potentisl expenence or the predicied level of work expericnce,
Since there were ot encogh observations in the Exact Match File, using
mesn actuil experitnce for all of groups was not practical and instend esti-
mated experience was used. This might make the pozes in lines 2 and 4 more
stmilar then they wonld bz if mean actuil experience ked been used in the
caloulations for line 4.

Turning to table C-7, neither potential por estimated
experience seems to be 3 superior measure for the eptire
sample of never married women with no children. At Jower
levels of potential experience, esnmated expenence yields
prices closer to those based on actual experience, while at
higher levels, potential experience results in closer esti-
mates? Since never married women are predominantly
young, wage estimates for low levels of potential expenence
are relatively more important.

However, for married women with two or three children,
estimated experience is clearly a betler measure. Tn virtually
all of the cases in tahle C-§, the price based on estimated expe-
rience is nearer to that based on actudl experience than is the
price yielded by potential experience. In table C-8, the mean
absolute difference between the pnce based on predicted ex-
perience and actual experience is less than 4 cents, The corre-
sponding difference between the price based on potential ex-
perience and actual experience is almost 13 cents, These re-
sults for married women are not surprising, becavse one of the
primary mobives for the use of the two-stage approach is to
obtain a more appropriale measure of work experience for
women with intermopted work: hustonies.

Tables C-6, C-7. and C-8 underline the problems of trying
to find a simple, direct relationship between potential expen-
ence and hourly prices of labor, particularly for women. As

 Extimted experface oy not vield betier resalts for aimgle wotnen in
rart because they represent a small proportion of e sam,

Table C-6. Estimated work experience (in years) and prices of labor based on allemative measures of experience {in dollars), by

schooling and years of polential experience, men, 1973

Years of potenfial experiance
i 5 1a 15 20 25 30
5-8 years of schooling
(1) Estimated experience (yBars) ......... .00 215 6,56 10714 14.59 18.20 2284
Prices of labor!
(2} Polerntial exporence ..., ... SR 1.75 213 248 237 zar 3,06 am
(3) Estimated expeflence .., . ........... 1.80 1:81 224 262 232 310 3.20
() Aclual expenence | .ovyieiiiin e 1.73 1480 226 258 2B 3.07 325
12 yesrs of schooling
(1) Esfimated experience (years) .......... 2.00 £.68 1.0 15.24 1242 2274 26.08
Frices of labor:
{2) Potential experiencs - ... . .eiiiees 219 2.66 an 3.48 373 3.83 aTT
(3} Estimated experlence -, oo ieiennn... 214 269 gar 354 375 3.82 278
(4} Actuel EXPETEINDE - oovivesiinrinres 2285 27 313 346 are 3.88 388
16 yesrs of schooling
(1) Estimaled expanenca {years) .......... 435 9.03 13.44 17.59 2147 25,08 27.29
Prices of lzbor:
(2) Potantial experence . ...iiiinranaa. 3.00 4.65 4,26 4.76 51 525 517
(3) Eslimated experencs ................. aig 3.89 4.45 4,83 501 .00 4,90
(4) Actual experience ........ T e Y 3.30 368 4.41 4.81 509 525 520

NOTE! See text for a descriplion of the methods used to pbtain esiimaled experience and the prices of labor,

fi3



Table C-7. Estimated work exparience (in years) and prices of labor based on siternative measures of experience (In dollars), by

schooling and years of potential experience, single women with no childran, 1873

Years of potential experience
o ] 10 15 20 25 30
5-8 years of schooling
(1) Estimated experience (years) .......... 0.00 ap4 788 1227 16.22 19.73 22.79
Prices of labor:
(2) Potential Expenience |, ........eociociny 1.7 1.92 2.10 2.22 229 2.30 2.24
(3} Estimated experience . ........ .. ...., 1.83 1.81 2.08 2.25 234 235 2.3z
(4) Artual experiencs - . ooiioioiiiian 1.64 1,82 2.1 2.35 253 2,67 275
12 years of schooling
(1) Estimated experience (y2ars) .......... 154 857 11.15 15.30 19.00 2826 25.08
Prices of labor:
(2) Potential expenents . .....ciiaessiinne 2.06 21 251 266 275 276 2.69
(3) Estimated axpariencs . ..., ......... 20 235 2.59 272 275 272 265
(4) Actual experiencs .. .. _.._.._..... 1.98 233 2.61 2,85 302 3.3 ERT]
1E years of schooling
{1) Estimated experience (years) ... .... 342 7.76 11.65 151 1812 20,69 2282
Pricas of labor:
2) Potential experence _____ . ... __... 270 3.02 329 349 3.60 3.61 as2
3) Estimated experence ... ___._..___.. 274 .00 3a3 345 351 351 3.48
(4) Actugl BXperience ... i-..-;ice-oroos 272 3.10 342 367 aBes 388 407

NOTE: See text for a description of the methods used to obiain estimated experence and the prices of labor,

Table C-8. Estimated work ezperience (in years) and prices of labor based on alternative measures of experience (in dollars), by

=chooling and years of polential experience, marmried women with two or three children, 1973

Years of polential experience
0 5 10 15 20 25 30
5-8 years of schoacling
(1) Estimated experence [ysars) .. ....... 0.00 1.33 4.16 B.75 8.1 11.24 1312
Prices of labor:
{2) Potential expeniencs ...........o..... 172 1.82 210 222 228 230 224
(3) Estimated expeiencs .........ocvuean. 163 171 1.B8 202 213 222 228
(4) Actual experience ... .. . ______.. 164 1.72 189 204 218 229 238
12 years of schooling
(1) Estimated experlence (years) .._...._.. 204 4,86 .44 g9.78 11,89 13797 1541
Prices of labor:
(2) Potential experience .............. P 206 231 251 2668 275 276 269
{3) Estimated eXpeiancs «........ccaiees 205 224 240 252 262 2.68 272
(4) Actual experience ....._...._..o.coe.. 2m 221 238 253 266 277 285
16 years of schooling
(1) Estimated experience (years) .......... 3.92 6.04 7.84 9.59 11.01 12.20 1515
Prices of labor:
(2) Potantial experience ... ... . ... ... 270 3.02 3.29 349 a.60 3.61 as2
(3) Estimated expeiente «..covuiiieaiiais 278 2.96 310 3.21 azgs 3.35 3.40
(4) Actualexperience ...........c.ceeremus 277 2.96 daz 3.26 337 3.48 as3

MOTE: Ses text for a description of the methods used to obtain estimated experience and the prices of labor.



the tables indicate, the problem partly reflects the fact that po-
tential experience is not unigoely related to estimated actual
experience. For example, in the case of men, 10 vears of po-
tential experience is equivalent to approxmately 7 years of
estimated actual experience if the individual has only 5.5
years of schooling; however, it is the eguivalent of about 11
years of estimated expenence if he has 12 years of schooling
and of about 13 years of experiénce if he has 16 vears of
schooling, Consequently, the higher prices associated with in-
creased education for a man with 10 years of potental experi-
ence alsn reflect increased actual work experience.

The problem is even more complex for women. Thereis a
similar positive association hetween estmated experience
and years of schooling, for a given amount of potential experi-
ence, but ip addition. the relatiunship between estimated ex-
perience and potential experience differs between single
women with no children and marded women with children,
Again, nsing the case of individuals with 10 years of potential
experience, the figures in tables C-7 and C-8 show that a
single woman with no children has more estimated experi-
ence than a married woman with children. (In fact, estimated
experience for single women with 10 years of potential expe-
rience is about the same as for men in the two lower education
groups shown in the tables.) As a consequence, ata given lev-
el of potential experience, the hourly priceof labor for a single
woman (derived with estimated experience) is generally
higher than that for a married woman with children at all three
levels of education. The price differentidls between the two

groups of women reflect differences in actual work experi-
ence.

In conclusion, the two-stage approach using estimated
S5A total work experience yields, on nel, more satisfactory
results than potential experience, the alternative measure di-
tectly available from the CPS. For buth men and women, tha
estimated coefficients for education in wage models based on
estmated S5 A experience are less biased than those nsing po-
tential experience. The results for the contibution of cumu-
lated work experience are mixed; estimated experence coef-
ficients perform as well for women, but worse for men. Com-
parisons of estimated hourly proces indicate that estimated ex-
perience is al least as pood 8 measure of work experience as is
potential expericnce for men and never marmed women, and
clearly betler for married women with children. Also, theesti-
mated expenience equations themselves suggest that esfi-
mated experience is a better estimator of actual experience
than is potential experience; the statistical significance of co-
efficients pertaining to ¢ducation (in equations 1 and 2 for
men and women of tables C-2 and C-3) and children (in the
women's equations) supports the claim that estimated experi-
enee is the more appropriate proxy. Lsing age 48 the measure
of experience was not tested, but, based on studies done by
others, age would yield even more biased results than poten-
tial experience. 10

0 See, for exumple, Alan Blindar (1975), “On Dogmatism in Homen
Capital Theory "
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Table C-9. Estimated hourly earnings functions for men, exact match file, 1973

Artual SSA experience

Estimated S3A exparance

Variable Potential
Tenal Postschool Total FPostachoal expenance
(1) (2) (3 {4) (5)
Intercept ...... e o AR G 0.65328 0.560 0465 0.525 0.5338
(e5) (10) (8.0) (2.2) (9.5)
513 s R Ny e et RO T W e 007 006 003 005 019
(-1} (-1} (.0} (-1 {4
SR e R e e e 081 081 080 QB4 114
(1.5) (1.5) i1.5} {18) {2.1)
B cane T A b e i e J86 202 81 198 245
(5.6) (3.9) (3.5) (3.8) (4.7)
S18t015 .. .. ... A P i K o e 280 325 259 320 364
{5.3) (6.1} {5.1) (6.0) (6.8)
B0 ey e G S SRR e S R ABE 524 454 515 SE0
(8.7) 2.7} (e.4) {9.5) (10}
T L cminmmnn Sy e ey . 4 BT 532 540 603 544
{109 (11} (9.7) {11) (11)
EXPERRIGE - - esion faca et 116 0120 0151 0142 o10g
{2 {22} (20} (22} i22)
Experience squared ......ci0cvaims =000051 -.0000s7 = 000082 -.000081 = 000053
(12} (14) {15) {22} 22)
FISEBIAE [ v v yentosmes -.Daa -pag -137 =141 142
i2.1) (3.5) (5.2) (5.4) (5.4)
2l R e LR [t e =149 - 187 -184 -.183 -172
(B.5) (9.0 (11) (10) (10)
ERA NG 5 o mrvwes bersastdanes -214 - 204 - 180 - 184 -.204
(11} (11} (9.1) {9.4) (11)
Veteran ....... Wi e 010 028 25 028
(1.5) (1.0 (2.7) {2.2) (2.6)
Evermarmied i cog i gk e i 236 287 224 223 235
{18) {19} (15) (15} {16)
Central city residant ..._._. ... ., 15 A7 113 14 116
2.1 (9:3) 8.9 (9.0} (9.1}
Balance of city resident. . _........ ... 37 40 148 146 148
12} {12} (13} (13 (13}
Mew England Division .. ...,......... 000 001 208 oa? 005
.0y 1 (-4} {3} (.2}
Mid-Atlantic Division ..., o0 oas -3 = 005 -002 -,003 -003
£.2) {.3) i.1) (2 (.2}
East Norh Central Division | <7 - 015 -.004 -005 -005
(1.00 {.9) (3} (.2) (.2
Weet Norh Central Division ..., ...... =101 -.09% -.088 -.08g9 -.080
(4.5) {4.5) (4.0) (4.0) (4.1)
South Atlantic Divislon .........-. e =102 -103 - 102 =103 =105
5.7) (5.8) (57 (5.8 {5.8]
East South Central Division ... ,...., -131 -134 =129 =131 =133
(5.5) (5.7 15.5) (5.5) (5.7)
West South Central Division ., ..., =194 =180 =183 - 184 - 187
{0.5) [9.8) (2.2) (9.3) 2.4}
Mountain Division -........- - 034 -032 =026 027 =029
1.3) 1.2} {1.0) {1.1) £1.1)
Degrees offreedom . ... eeeyooonynn 14,622 14,622 14,622 14,622 14,622
|5 Al NS W 3z .33 a2 a2 .32
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Appendix D. Constructing Annual

Hours of Work Matrices

This appendix documents the construction of annual hours
of work cross-classified by all the charactenstics which are
necessary (o implement the measure of labor composition
change. The hours of work are assumed to represent the flow
of services (or quantity) from a particular category of labor
Construction of these data is essential to measuring labor
compositon and generates a wealth of detaled data,

For this study there are two sets of matrices: One set for pri-
vate busingss and one sel for privale nonfarm business, The
provate bosiness sector is the largest aggrepate sector for
which the BLS construcis measuores of multfuctor productiv-
ity The output of this sectoris defined in terms of the National
Income and Product Accounts.! Private business output is
gross domestic product (GDP) less the ontput associated with
general govemment {10 percent of GNP in 1985), cwner-oe-
cupied housing (6 percent in 1985), households and nonprofit
instinriions {3 percent in 1983), statistical discrepancy (] per-
cent in 1985), and government enterprises (I percent in
1985). Therefore, private business output makes up approxi-
mately 75 to 80 percent of GDF covering those parts of the
economy for which there are independent measures of both
puiput and inputs (capital services and hours), The private
nonfarm hosiness sector is private business less agricultural
production.

A completeset of data for any sector consists of a matrix for
each year, 1948 to the present, conlaining hours cross-classi-
lied by educanion, sex, marital stotus, age, and number of chil-
dren ever born. Table D-1 shows the characteristics and di-
mensions of the hours matrices. A complete matrix containg
5,064 cells,

However, large groups of cells mn each matrix are empty by
constmcuion. For example, neither marital status nor number
ol children 15 a significant predictor of work experience for
men; therefore, the matrix for men is collapsed to exclude
these traits, For men there are thus only 504 out of 4,032 cells
that could possibly be nonzero. So, the effective matrx is
4,536 cells: 504 for men and 4,032 for women. In addition,
there are a negligible number of teenagers with 16 years or
more of education. Even exceptions to this would most likely
not be part of the private business sector. Nor would one ex-
pectio find very many, ifany, employed teenage women with
more than 3 children. Furthermore. the hours of workers aged
70 or more are small, so many cells for these workers are zero,

! See LS. Department of Labor, Bureau of Labor Statistice {19835 Trends
i Mulifacror Productiviry, 1948-81, pp. 35-38.

fid

The number of nonzero cells for each annual matrix ranges
between 1,793 and 2,454,

Table D-1. Characteristics and dimensions of annual hours
matrices

Characierisiics Dimension

Types

Educafion .......... 7 Years of schaaling
0-4

58

2-11

i2

13-15

ié

17 oF more

72 14-85 years.old
Wiomen

Men

Marital status ....... Ever married
Mever marted
Mumber of children | Mone

1

23

4 gr more

Totalcells -c.ooceve. B,064

Annual hours are constructed from the product of employ-
menl, average weekly hours, and average annoal weeks.
However, no single consistent data source exists from which
the matrices can be generated for the entire time period. The
development of the hours data entails the use of three different
procedures for different periods. For the period 1967 to the
present, the matrices are copstructed directly from observa-
tions collected for the March sample of the Cnment Popula-
tion Survey (CPS). For 1950 and 1960 the matrces are genet-
ated from observations from the 1in 100 or 1in 1,000 samples
of the decennial census. The remaining years (1948, 1949,
1951-59, 1961-66) are generated using an interpolation pro-
cedure which incorporates published data from the CPS and
the 1950, 1960, and 1967 matrices already generated

The remainder of this appendix describes each of the three
methods for calculating the matrices. The next section dis-

 There are two matrices constructed for 1967 as with other transition
years, One is construcied directly from the March 1968 CPS, and one is
constructed using the RAS multiproperional matox interpolation procedure
10 conform with the previous year's matrix,



cusses the measures for 1967 (o the present; the following sec-
tion discusses the 1950 and 1960 measures; and the third sec-
tion describes the remaining years along with a description of
the interpolation procedure, The final seclion presents sum-
mary measures of hours.

Hours matrices for 1967 io the present
Matrices of annual hours for 1967 to the present are

comstrueted directly from observation dats of March samples
of the CPS. The CPS is a monthly household survey that has
been conducted since 1940, Infommation 15 coliecied for
60,000 w 65,000 households concerning the status of em-
ployment of all pceupants. Employment responges refer to the
week which includes the 12th day of the month. The March
questionnaire is supplemented to include information from
the previows year including the amonnt of eamings, the num-
ber of weeks worked, and the average weekly hours worked,
The weeks worked dats refer to the prior year. The average
weekly howrs data refer to the prior vear beginning with the
March 1976 survey and o the survey year for the period 1967
(o 1976, The CPS (March 1968 to the present) reported hours
are classified by worker trarts and #ssigned to the hours matrix
for the year prior ta the survey year,

Before the information of an individual respondent is in-
cluded in the calculation, the person must meet selected cote-
ria. Persons selected must, in the present survey period, havea
job and also must have worked doring the previous vear, Goy-
emment employees and household workers are exclnded.
However, because there was no satisfactory way to identify
employees of nonprofit instlutions, such persons probably
remun in the sample, though itis unlikely that the distrbution
of their hours by experience and education differs from others
who are in the sample.

Amnother possible problem is that the CPS does not record
the number of children ever bamn to women who are presently
living in a group quarters arrangement, that is, cooperative or
shared housimg which is not necessarily a family relationship
with a head of household. Eamings and Social Security Ad-
ministration work histories (see appendix C) suggest that the
ldbor market behavior of these women resembles that of
women with no children. Hence, all working women living in
gromp quariers are classified aceordingly,

A more substantial prohlem arises with these data because
the CPS reports only the number of children born to a worman
who are presently residing in ker housekold or who are away
attending sohweol, As indicated 1 appendixes C and E, these
data are satisfactory for estimaling experience equations for
wamen with 25 or fewer years of potential experience (age
niinus schooling minus G6), but are not satisfactory for older
women. Consequently, in years relying in part or in whole on
CPS data (those after 19601, these older women are not cate-
gorized by the numbet of children ever born. Instead, the em-
ployment and hours of these women are classified by their
education, age, and marital status only.? The 1950 and 1960
decennial census data on children report all children ever born

regardless of residence. Therefore in the malrices; all women
in this period continue to be classified by number of children.

Changes in definitions and réporting have caused two dis-
tinct breaks in the procedores for constructing the hours ma-
irices from the CPS datu. For each break point two matrices
are constructed: One corresponding to the new method and
one corresponding to the old method, Annual changesin labor
composition are measured using pairs of matrices that follow
the same methods. This procedure links changes in labor
camposition across potential breaks in the series without pet-
mitting shifts in the distribution of hours due 1o definitional
changes (o be included in the labor composition measures,

In 1976, the CPS began reporting average weekly hours for
the year prior lo the survey and average weeks worked Lust
year as discrete observatons. Prior to 1976, average weekly
hours were available for the survey week only and weeks
wiorked data were recorded as intervals. As a result, from
1967 to 1975, annual hours are constructed as the product of
employment (For those employed in bath the survey week and
the previous year), average weekly hours (in the survey
week), and average weeks worked in the previons year). Be-
cause weeks worked are reported in intervals and not as a dis-
crete number, an average for each imterval was estimated us-
ing the March 1976 CPS, the first March CPS to collect weeks
werked as an observation,

Beginning with the 1976 CPS5, 1otal hours are defined as the
product of employment, average weekly hours in the previous
year, and weeks worked in the previous year measured as an
observational variable. Henece, the hours matrices are avail-
able on this new measure of wesks and average weekly hours
from 1975 to the present.

Beginning with the March 1980 survey. the ©FS no longer
records the educational attainment of 14-yedr-olds. As a re-
sult, the hours matrices for the years 1948 through 1978 con-
taim the hours of persons age 14 and older, Dropping 14-year-
olds from the 1979 survey, a second 1978 bours matrix is
created. Consequently, mattices from 1978 to the present
contain the hours of persons age 15 and older.

Hours matrices for 1950 and 1960
The 1950 and 1960 matrices are created from the Censis af

FPaopulation, 1250; Public Use Microdata Sample, and the
Public Use Sample of Basic Records from the 1960 Census,
respectively. The 1950 Public Use Sample was recently
coded as machine-readable data files by a joint project con-
docted by the Bureau of the Census and the Center for De-
mography and Ecology of the University of Wisconsin

The 1950 Public Use Sample is derived from a I-percen
sample of households, The final sample was 464, 130 house-
holds. For each household only one individual known as the
sample line respondent was selected to answer additional
questions concerning eamings and educational attainment.

3 These older women are assumed ta have the mean nember of children for
woren of their age, mantal statug, and education. Ses appendix C lor details
of assigning means 1o these women,



From these records BLS selected all observations that mat the
previously stated industry crileda (no govermmenl em-
plovees, household workers, or other nonprofit workers), Av-
erage weekly hours in the survey week were recorded as a dis-
crele number as was the number of weeks worked in the pre-
vious year.

The 1 in 1,000 Public Use Sample, from the 1960 census,
was selected to estimate the employment and hours in 19600,
yielding over 37,000 ohservations. Average weekly hours aze
recorded in intervals for the survey week, and annual weeks
are recorded in ntervals for the previous year,

For each of the years two matrices are calculoed: An em-
ployment matrix and average annoal hours matnx, The em-
ploymeni matrix is defined as representing the census year
11950 and 1960, respectively), and the average hours miatrix
is defined as representing the previous year (1949 and 1959,
respectively). Using thése matrices plus a 1967 average anmu-
al hours matrix constoicted from the CPS as endpoints, aver-
age annual hours matrices forall intervening years are calen-
lated as a linear interpolation of the endpoints. For example,
the 1950 average annual hours matrix is equal 1o 90 percentof
the 1949 malrix and 10 percent of the 1959 matrix. The prod-
uct of the employment and average annual hours matrices
yaelds the total hours matnx.

In order to adjust for the addition of Alaska and Hawaii,
two matnees are caleulated for 1960, The first matrix ex-
clodes Alaska and Hawaii and 15 used to correspond with all
prior year measures. The second includes Alaska and Hawaii
and 15 used {0 corespond with all succeeding years.

Hours matrices for 1248-49, 1951-59, and 1961-66

Except for 1950 and 1960, there isno single data source for
the years between 1948 and 1967 which allows the direct gen-
eratton of matrices of annual hours cross-classified by the
demographic groups necessary o estimate the amount of ex-
perience and educaton for cach worker, The avatlable data
are from the published tables that were generated from the
manthly CPS (usually March) during those vears. These
tables penerally cover employment cross-classified by two or
three different characterislics such as age, sex, and marital
status or some other combination, For no year s there a set of
tables which covers all charucteristics. MNeither 15 there any
year with information on the number of children bom 10
working women,

This dearth of data for tlus penod required introducing an
interpolation method 1o compute the hours matrices. A multi-
propartonal matrix inferpolation method (often referred to as
RAS) was selectedd This procedure takes as its starting
points the distibution in the previously constructed matrices
(the 1950, 1960), and 1967 matrices), and, assuming propor-
uonality, adjusts the starting matnx to conform to the distribu-

4 The biproperiongd RAS inerpolation method is discussed in Bacharach
(1965}, Exlerision la the multiproprifonal case can be found in Bistiop, Fein-
berg. and Holland (1975). See Frank Gollop and Dale Jorgenson {1980) for
an epphearion of the multipropontion] RAS method to Ishor inpul data

tion of known submatricezs where the submatnices are ma-
trices which contain a subset of the known characteristics for
the year in guesticn. In this case the submatnces are the pub-
lixhed tables referred Lo above which mmclude some but not all
of the information needed,

The derivation of each of the remaining hours matricesisa
two-siep process, The st step 15 calculating the annual em-
ployment mairix using the RAS procedure. The second stepis
caleolating the hours matrix which is the product of the ém-
ployment matrix and the average annual hours matrix, The
average annual hours matrix is simply the linear interpolation
across lme of the average annuel hours matrices from the
census and/or CPS years as described in the previous section.

The acnial construction of the employment matrix, using
RAS, requires an initial mauix besides the submalrces.
Again, the initial matrix 15 a linedr nterpolation of two come
pleted matrices. Table D-2 shows how the initial matrix for
each of the years 15 calculated. The determining factor for
gach year's initialization is the presence of an education com-
ponentin one of the submatrices, Table -3 shows the subma-
trices for each year by charactenstics. Matrices in years with-
cutan education submatrix are not estimated until matrices in
years with the education component are completed. The ini-
tial matrix in years without edocation is a linear average of
previously determined matrices in vears with & known educa-
tion distribution. For example, matrices for 1952 and 1957 are
first estimated, and then the 1951 Initialization is calculated as
an average of the 1952 estimaled matrix and the 1950 census
matrix. Similarly, the 1953, 1954, 1955, and 1958 inttiahiza-
tions are weighted averages of the 1952 and 1957 estimaied
mafrices.

In general, for each year there gre three to four submatrices

Table 0-2, Construction of inltialization matrices used with
RAS procedure, 1948-67

Year Data used

L e I 1850 census

1249 . .. ... | 1950 censius

L L L | PR 1/2 1950 census and 1/2 1952 RAS
miatrices

1862, .. oo | BN01950 census and 210 1960 census

1853, .........| 4/51952 RAS and 1/5 1957 RAS

1854 . . ... | 351952 RAS and 2/5 1957 RAS

1955, ..., .| 2/51952 RAS and 3/5 1957 RAS

1956 . , 1/5 1952 RAS amnd 4/5 19357 RAS

| 13,2 S 310 1950 census and 710 1960 census

14958 ,, . 2/ 1957 RAS and 1/3 1960 census

|- B 1/3 1957 RAS and 2/3 1960 census

1961 .. 1/2 1960 census and 1/2 1962 BAS

19862 ., 57 1960 census and 27 1367 CPS

g 1) o P 172 1962 AAS and 1/2 1964 RAS

18964 ., 37 1860 census and 4/7 1367 CFS

1965 .. _. = 2/3 1864 RAS and 1/3 1867 CF5

TSy 1/3 1964 HAS and 23 1957 CPS

IBEF venaapsiin 1967 GF5

Census = employment matix construaled Irom census data.

CPS = employmearit malrix constructed from CPS dala.

RAS emplayment matrix construcied using BAS mullipropor-
tianal interpolation procedums,



Table D-3. Characteristics of submalrices used with RAS procedure, 1948-6T7

Year

Characteristics ol employment submatrix

48 | 42 | 51

54 B1 66 | 67

ﬁgahymfuraupersuns 14 and over,
9 p0e groups . ..... o

Amwm.11auam

Age by sex, 14 age groups

Education by sex, 6 education groups

Education by sex, 7 education groups ...

Educ&tmhymceandsex,?ndmanm

Marital status of women (all women 14 and x| x| x
over)

Marital status of women, 14-35 years and 35+
YERMS vvuvrninnnrs

Marital ﬁalusnlwmmnhymm 14-35 years
antd 35+ YEAME v .va i aia e

R

Marital status, by age, women,
& age groups

Race mﬂmiwaﬂpemm 14yearsnnd

116 years and over.

which describe the distribution of selected characteristics of
the complete matrix. The imitial matrix is then adjusted pro-
portionally to each submatrix available as a recursive proce-
dure. After the full initial matrix has been adjusted to each
submatrix, the process is repeated. This iterative procedure
stops when the largest relative change in any cell of the full
miatrix is no greater than 1 percent.

Tables -4, D-5, and D-6 display the final estimates of the
proportions of hours at work for all years by selected charac-
teristics. These tables represent, as well as possible, the dis-
tribution of the work force (employees, unpaid family work-
ers, and proprietors} in the private business sector of the econ-

T

omy. Excluded are all government employees (Federal, State,
and local), household workers, and employees of nonprofit
organizations which can be clearly identified in the CPS. Thas
last groop of workers mostly includes members of religious
organizations,

The tables illustrate the distributions generated by either
the RAS procedure or the actoal observed data from the CPS
or the census, Tahle D-6, in particular, is displayed only toin-
dicate how the distributions of number of children and educa-
tion have changed over time for women. The changes dis-
played here are attnbutable to a host of fictors including
changing fertility patterns and a changing age distribution.



Table D-4. Perceniage distribution of hours at work in private
business by education for men, 1948-80

Table D-5. Percentage distribution of hours at work in private
business by education for women, 1848-80

Years of schooling

Years of schooling

Yaar e [ sel earl 12 [azsl [ e = |lok | &8 |6 | a2 | 215] 18 | 47
1948 B.3 35.6 20.5 23.1 6.5 36 24 1948 4.8 29.5 1B8.8 26.3 E.8 25 13
1849 03 a6.0 195 214 74 4.0 2T 1849 A5 254 20.5 355 9.2 3.2 1.7
1950 | o4 | 359 | 195 | 215 | 72| 41| 27 1950 | a5 | 254 | 205 | @7 | 62| sz | 1s
1951 B.8 351 191 224 T.4 4.3 25 1951 4.5 25.8 20.1 364 2.4 3.2 1.6
1952 B5 344 18.8 23.3 T.B 4.4 3.0 1852 4.6 262 19.8 ar.o T.6 3.2 1.6
1953 8.1 334 19.0 24.0 .7 4.7 32 1963 4.3 25.5 180 3re 70 a3z 1.6
1954 TG 32.4 8. 24.7 Ty 4.4 34 19654 4.1 24.7 19.8 38.8 T8 3.3 16
1955 4 | a1.3 10.4 257 T.B 51 36 1855 a.7 241 19.8 a%.6 T8 3.3 1.5
1956 8.7 303 19.6 26.5 T.9 53 3.7 1456 K 23.4 12.9 40.4 7.8 3.4 1.6
j957 | 62 | 202 [te8 | 273 | 79| 55| 38 957 | 31| 225 | 198|413 | BOo| 35| 17
1958 55 28.9 20.2 268 86 55 A0 1958 .0 223 2.6 a2 8B 3.4 1.8
1959 55 | 284 | 207 | 264 | 93| 55| a0 1959 29 | 225 | 217 | 287 | 95| 22| 1s
1560 B2 27.B 211 26,1 10.3 56 4.1 1960 2T 21.7 222 38.0 10.6 33 15
1861 48 25.8 20.4 £8.2 102 6.5 4.2 18581 2.5 20.5 20.8 40.3 10.5 4.1 1.2
1962 4.5 23.8 196 a0.2 102 T3 43 1862 23 18.9 18.4 43.0 10.6 4.8 1.0
1963 4.1 229 19.6 31.5 10.2 Te 45 1963 22 185 184 442 10.1 4.4 12
1964 a7 220 19.6 328 102 T.0 4.7 1964 21 18.2 19.4 45,2 a7 4.0 1.4
1965 38 211 19.3 a3e 10.1 T5 45 1865 2.0 17.4 19.2 459 9.7 4.2 1.6
1068 3.4 20.4 19.5 344 10.2 TR 4.4 1866 1.6 16.7 191 47.4 0.3 3.5 is
18967 2.8 18,6 18.8 353 11.9 TE6 5.1 1867 13 151 189 48.0 120 ask L |
1968 2.7 17.9 18.7 35.8 j2.2 TiT 50 1968 1.4 13.5 1886 a0.2 5 T 33 1.4
1969 25 17.0 17.7 ac.d 128 B2 54 1569 ¥ | 124 17.7 50.6 123 41 1.7
1970 | 24| 157 |16 | 372 | 135 ss| 57  vev0 | 14| n7 | 72| s03 | 133 | 43| 24
o711 | 23 | 148|172 | 372 | 138 | se| 58 1971 | 12| 105 | 169 | 514 | 136 | 48| 18
1ar2 2.3 12.9 16.3 38.8 14.6 = | 8,0 1872 11 9.5 16.0 525 142 4.8 1.8
1973 | 21 | 124 | 157 | 388 | 152 | a5 | 65 1973 | 10| 89| 155 | soe | 159 | 56| 22
ig7a | 17 | 107 | 149 | 387 | 60 | 08| 72 1074 o | 83| 145 | so8 | 162 | 63| 28
1975 1.8 108 14.89 388 159 0.7 7.0 1875 H TF 151 50.3 16.4 59 2B
1876 1.7 b | 150 38,6 164 108 T3 18786 g Ta 140 B0.4 16.8 T3 27
18977 .7 a7 14.6 28.4 17.4 10.9 75 1877 A 64 4.4 502 17.5 1A 2B
1878 15 8.9 13.6 39,0 18.1 11.1 7.8 1878 8 &.0 133 50.4 18.5 Tl 24
1878 14 8.5 13,7 29.0 17.8 ns B.1 18979 i BT 124 502 18.7 B6 3.6
1980 14 7.B 131 295 17.8 12.1 B3 1980 B b2 118 50.0 126 BB 3.8
1961 1.3 7.3 12.5 30.6 17.6 125 G2 1081 T 4.8 11.3 498 12.7 9.3 4.4
voe2 | 13| 65| 17| 3me | 180 | 138 | 102 1es2 6| 44| 104|487 | 208 | 104 | 43
1983 1.0 6.4 10.9 292 18.4 13.8 101 1883 o 2.8 9.9 AB.4 21.0 1.0 5.2
1984 il E.2 1.0 39.2 187 14.1 9.8 1984 B a7 o7 F- e | 200 11.6 51
1985 11 59 10,5 39.3 19.2 14.5 85 1985 41 34 8.1 47.0 226 122 5.2
w985 | 10| 56| 107 | 388 | 123 | 145 | 100  1%e6 4| 24| 8o | 487 | 227 | 123 | 55
1987 14 LA | 10.6 39.3 18.8 14.8 102 1887 il 1 | a1 454 241 126 5.6
1988 11 51 102 SR8 19.5 147 106 1888 o 2B 2.0 A58 22.8 13.2 50
1989 13 4.9 10.0 387 19.9 181 10.1 1585 Rl 2.8 B.8 450 2313 13.8 6.3
1980 1.3 4.5 9.7 39.7 20.2 184 104 1820 5 2.7 8.4 443 2365 14.1 6.3

NOTE: Tolal may not sum to 1000 due to rounding.
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MNOTE: Total may not sum 1o 100.0 dus 19 rounding.



Table D-8. Percentage distribution of hours at work in private business by education and number of children, for women with 25 or
fewer years of potential work experience, 1948-90"

Mumber of children
Year 1 2.3
Years of schooling Years of schooling

58 12 13-18 16 58 12 13-15 16
TR .o taerie wn s | 55 13 0.4 3B 58 1.1 0.3
T 2.6 5.6 1.5 ] 3.2 53 1.6 A
b5 | 27 5.8 1.6 i 3.4 6.1 1.6 5
i A 2.6 B.3 1.5 -1 34 i | 1.7 5
THEE oy v saore 25 6.6 1.4 5 34 8.1 1.7 D
5 R e 2.4 74 15 5 3.4 a2 1.8 6
TabR iss saps. o 2.2 T2 15 8 Az 9.8 20 8
v 4= L LI P 20 7.8 1.5 B 3.1 11.0 21 i
FEEE s 1.8 8.1 1.6 5 2.8 1.8 2.3 7
R o 1.6 B2 1.6 = 2.7 123 2.4 8
AAEE e 15 8.1 18 5 26 124 2.7 |
TBER mia s 5 B.2 2.0 5 2.7 128 31 )
VOO s oms iy 1.3 7.7 21 | 26 123 3.3 A
5|2 o [ N 1.1 B.5 21 B 2.3 127 3.2 1.0
VOEE ceican i 1.0 81 21 i 20 13.2 a1 11
1963, .. 1.0 9.4 1.9 B 1.9 130 2.8 1.0
1964 . . i :] 9.7 1.8 5 18 128 2.6 3
PG i ] 9.8 1.7 & 1.8 125 25 i)
L R 8 1.1 1.8 4 1. 125 2.8 8
(7] b4 10.1 2.0 4 1.5 121 2.7 T
R i e B 10.1 1.9 A 13 128 23 i
k) R ke . 10.2 2.0 B 1.1 128 24 B
WETDE, L0 e iy & 0.2 2.4 B 1.0 128 2.8 8
1971 . EN i3 10.1 2.4 g 10 13.8 2.B -]
TRE e e a3 11.3 2.5 T B 13.0 3.0 A
{1 A R R e A 102 2.7 B B 13.0 3.0 1.0
2 7 N S 4 101 2.8 2 B 13.2 3.4 1.2
L £ 4 9.9 3.1 8 9 12.9 3.9 1.4
1976 . % 4 10.0 27 8 T 13.0 3.7 13
BT, o e ilds A 10.4 3.0 g 8 13.0 3.9 1.4
- 1 R R 3 10.3 32 1.1 8 129 4.3 1.2
1979 .. 3 10.5 3.4 7.2 e 12.8 4.2 1.6
POB0 - ecarsmany et | 10.8 3.8 1.2 B b 4.4 1.8
1981 a3 10.8 35 1.3 B 13.0 4.5 1.7
7 e SR 2 10.6 35 1.7 B 13.0 4.7 2.0
o 2 10.7 3.9 19 5 13.2 4.9 2.2
y o1 S 2 109 4.5 1.8 A 122 L 23
ARER e 2 10.3 45 2.0 A 12.5 52 2.2
11 S = 103 4.7 2.1 B 12.4 55 2.3
G| T - 105 4.7 2.0 5 122 55 2.5
PO i o 2 10.5 4.7 2.0 A4 12.4 55 2.6
1889 ., 2 10.4 4.6 2.5 "] 121 59 2.8
PR s s aa Z 10,0 4.5 2.5 A .7 &6.0 26

! Years of potential work experience are defined as aga lass years of qroug.
completed schooling less six, Accordingly, 25 years of potential work Forany year 100 percent is hours of all working women with 25 or
experience corresponds o a different age leval for each educational fewer years of patential work experence.
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Appendix E. The Estimated Earnings Functions

This dppendix. describes the estimation of the eamings
functions vsed to caleulute the price of labor in the labor input
index. These Functions relate hourly eamings to years of
schooling and experience in addition to other worker charac-
teristics. They are estimated separately for men and women,
Earmings functions are nol estimated separately by race or
ethmicity forreasons discussed in appendix A and because the
sample sizes forblacks and ethnic groups are too smull ta gen-
erate reliable estimates for these groups.

The 1950 and 1960 decennial censuses and the annual
March supplement to the Current Population Survey (CF5)
for each year from 1968 ro 1997 are used 1o estimate earnings
functions for the year prior to the survey. (Note that the sur-
veys collect data on the previous year™s activity, so the year of
the data precedes the survey year, ) Although the CPS has heen
carned out since 19438, data on individoal observations for
years prier to 1968 are nol available, thus eamings functions
for the earlier vears cannot be estimated, Navertheless, the
longevity and the constancy in collecting essentially the same
set of information in the CPS make it possible to estimate
nearly identical equations annually begioning with the 1968
survey. For years when neither decenmal census nor CPS
dalnare available (194849, 1951-39, and 1961-67), the hour-
Iy price of labor is obtained by linear imerpolation and extrap-
olaticm of the estimated coefficients of the eamings function
between terminal years, The next section of the appendix
briefty describes the decennial census and CPS data, snd dis-
eusses major issues in vsing these data to estimate earnings
functions. The third section describes the specification of the
eamnings functions and presents the empirical resulis, Tests of
altermativeequations are also discussed in this section. The fi-
nal section analyzes the cross-section and interiemporal sta-
hility of the schooling and experience coefficients estimated
i the eamings functions.

Data sources

This section describes the CPS and the decenmusl censos
dalz used o estimate the camings functions. Tt discusses the
selection of respondents from the CPS and census surveys for
inclusion in the sample used to estimate earnings functions, In
general, earnings functions are estimated for employees with-
in the private business seetor For whom information on earn:
ings and worker characteristics were consistently available
from surveys over the period 1950-91.

Description of the CPS and decennial census. Earnings func-
tioms are estimated for the years 1949 and 1959 from the de-

T

cennial census and for 1967-20 from the March Supplemen-
tary CPS, Samples were selected from the decennial censuzes
which include all individoal records [rom the 1in 1,000 Pub-
lic Use Sample of Bazic Records from the 1960 census and all
“sample line” records from the 1in 100 Censuses of Popula-
ticn, 1950 Public Use Micro Data Sample. All individual re-
cords from the CPS are used.

The samples are selected 1o be consistent with the privaie
business sector of the economy for which the Bureau of Labor
Statistics measures Tabor and multifactor productivity. The
BLS sty intentionally excludes industrial wage differen-
tials. Therefore, only one set of labor prives s used Lo calcu-
late earmings weights forboth the private business and pavale
nonfanm husiness sector measures of labar composition. The
samples exclude all persons identified a5 government work-
ers (including postal workers) and persons working in the pri-
vate household sector, Clergy, religious workers, and persuns
working in nonprofit membership organizations dre also ex-
cluded on the assumption that virtually all these persons work
in the nonprofit sector, There wias nol enough information to
identify other employees of nonprofit institutions such as
those working in hospitals or private schoals, so they remain
in the sample. The inclusion of some nonprofit sector workers
presumably has little effect on the estimated coefficients pro-
vided that wages of comparable workers in the profit and non-
profil sectors are similar.

Self-employed persons are also excluded from the sample.
Froprietars’ income includes returos to both labor and physi-
cal capital, 1t 18 not possibile to separate these two types of in-
come without making debatable assumptions. Nor is it valid
1o treat all self-employment income as earmings because 1t
would incorrectly ascribe the payments to both capital and la-
bar to just the latter. In effect, the BLS labor input index as-
signs the hourly price of labor of a wage eamner 1o 2 =alf-
employed person with the same worker characteristics.

Persuns who reported no schooling are excluded from the
sample on the assumption that they are either not responding
accurately or they recetved their education outside the toadi-
tional classroom. Earnings of these persons are frequently
higher than those with 14 years of schooling.

Hourly eamings, rather than weskly or annual eamings, are
used as the dependent vardable in the samings funclion ta be
consistent with the hours series usad to construct ithe BLS
multifacior productivity measures. Although not reported di-
rectly, hourly eamings can be construcied from data available
in the Murch CPS, For the survey years 1968 through 1975,
hourly earnings are calculated from information repored on



ment income are excluded. Persons working in private house-
holds, general govemnment, clergy, religious workers, snd
employees of nonprofit membership organizations are re-
moved so that the estimated price of labor corresponds 1o the
sectors for which BLE measures labor and multifactor pro-
ductivity.

The coverage of hours described in appendix D is more
comprehensive than that used for estimating the eamings
funcoons of the private basiness sector workers. Only those
persons who failed toreport the number of weeks worked per
year or hours worked per week are excluded from the hours
measares. Proprietors, unpaid family workers, and persons
reporting no edocation are included in the matrix of hours
worked. These persons are assigned an hourly price of labor
based on their experience and education as determined by the
estimated earnings fanctions. Persons with no education are
assigned an hourly price of labor equal to that of persons with
1-4 %rears of schooling and other similar worker characteris-
Hes.

Data problems. Several problems arise from the manner n
which the census and CPS report some of the data. First, ex-
tremely high incomes are tuncated 1o prolect the confiden-

tiality of the respondents. Second, the number of weeks:

worked in & given year is reported prior to the 1976 CPS in
intervals only, Similarly, the number of hours worked per
week in the 1960 decennial census is reported i intervals
only. Third, the usual number of hours worked per week in the
previous year is only available beginniog with the 1976 CPS.
Prior 1o that date, only the number of hours worked in the sur-
vey week is reporied, Fourth, the method of imputing incom-
¢5 of nonrespondents was changed in 1988. Finally, answers
to cemain usefol survey guestions are not collected in the CPS
on a continuous basis,

Annual earnings are truncated at different levels, depend-
ing on the year of the survey. Since high eamings are
associated with high levels of education and work experience,
the truncation reduces the returns and the price of labor
associated with the highest levels of education and experi-
ence. In addition, the earmings profiles by both education and
work experience become flatter in later years as the secularin-
crease in earnings truncates an ever increasing proportion of
the sample.” Because the proportion of the employed work
force in the highest education groups has increased over time,

& The eamings of persons with (0 educathin mist closely resemble hiose
of workers with 14 vears of schooling. As a result, persons withool educa-
tion are assigned the same weight. It would have been possible to mnelude all
these workers in one group, (-4 years of schooling, but the result would have
been o higher eamings weight for all these workers. If persons reporting no
education are shmply misreporting, pocling thess two groups would over-
state the eamings of all. Instead, if these persons rruly hove no edocation, but
do have higher camings, omission of these workers resulis in nsample sefec-
Hon bias in the edncstion coefficients,

7 Truncation lowers estimated hourly eamings of whitz male postgradu-
es by less than 1 percent in the 1968 CPS, but by more than § percent in
1980, Eamings ave truncated at $30,000 in both yvears.
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the use of truncated eamings would result in a downward bias
in the contribution of education to the growth of labor input.

For each year, a mean estimate of wage and salary income
for those persons above the truncation point is substituted for
the maximum reporable earnings. The estimate is made by
comparing the CPS earnings distribution published in the
P-60 series {on money income) to the computer coded sample
distribution which uses 8 much lower truncation point.?

The wage bill for all persons below the trancation point 13
the product of their mean annual eamnings and the published
number of such wage eamers. This wage bill iz subtracted
from the P-60 published wage bill for all persons to yield an
estimate of the total wages and saluries of persons above the
truncation point, Mean eamings shove the truncation point is
obtained by dividing by the published number of high wage
eamers. The estimated average eamings for those above the
truncation point is contmined in table E-1.7

The second problem is that the number of wesks worked in
the previgus year is reported directly beginning in 1976; prior
to that survey, the data are grouped. For example, persons
working between 40 and 47 weeks per vear are all counted
within the same reported code. To adjust for this, the 1975
mean foreach group is obtained from the 1976 March Supple-
mental CPS, and these are applied to the dats for 1959 and
1967-74.10

Tabla E-1. Estimated mean earnings for persons with censored
repored wages, 1950-91

Survey year Truncation point Estimaled mean'
TOROR, ot e §10,000 $13,588
19607 . i vees 25,000 40,913
1868 .. eishs 50,000 5,000
1960 . v ninnt 50,000 83,000
1o r RS e 50,000 81,103
r 12 7 T 50,000 76,078
1872 ... 50,000 80,155
TR e st i 50,000 82,737
TP s 50,000 66,414
7| " v R 50,000 76,352
T P 50,000 74,350
o T R LA 50,000 72,325
PO e iz giiin 50,000 70,300
IR o e s mir e 50,000 68,227

EMhe published wage dats come frotn the P-60 series of the CPS on cove
sumer income, The exact title differs slightly friom year to venr, but the 1950
data, for example, can te foond in table 53 titled Type of Income, by Tncome
of Specified Tyvpe in 1980-~Persons 15 years O1d and Over, by Race, Span-
ish Origin, and Sex, in Seres P-60 Mo, 132, Money Income of Houscholds,
Families, &nd Persons in the Uniled States: 1980,

? This methad is usavailahle for 1950 and 1960, The trupcation point in
those years is $10,000 and 525,000 respectively, Using the March 196F CFS,
fhe mezn eamings ahove $10,000 and $25 000 were substioted.

10The following 1975 means are substinied for weeks worked doring ibe
prior yiar:

Grovp weeks Mean weeks
i-13 8.72
14-26 2175
2739 34,24
40-47 4331
4349 4830
50-52 51.89



Table E-1. Estimated mean sarnings for persons with censored
reporied wages, 1950-81-Continued

Survay year Truncation point |  Estimated mean’
VEREE o s o 50,000 73,810
AR o s sy 50,000 E7.835
FERETL s 75,000 05,967
1983 . o 75,000 54,462
B 75,000 53,821
CUEK 1.t i8S 93,699 137,003°
i e 99,585 137,003
T et L 55,599 140,026
T T R 99,999, 144,617
T e e 99,999 144,986
3800 v s S g og gog4 156,053
e e 99,0854 145 457

! Miesan eamings lor persons with eamings sbove the indneaton
frednt

2 The 1950 and 1960 figures are based on the March 1968 CPS
samings of those above $10,000 and $25,000, respectively.

3|n 1885, both the P-60 published seres and computer accessible
eamings are fruncated atthe same level, The 1966 estimalzd mean is
substituted.

4 Pricr bo 1988 the truncation polnl was for all samings, After 1988,
earmings from eachof tha three longest jubs was reporied and subject
bo trumcation. Some workers may Indicale eamings from all three jobs
thal are larger than the estimated mean, The higher value g uzed.

The same probletn occurs in reporting the number of hours
worked per week in the 1960 decennial census. The March
1971 CPS is used to construct point estimates for 1959.11

The third major difficulty arises from the change in the
mizasure of honrs worked per week. Priorto the 1976 survey,
the =ole measure of weekly hours is the reporied numbeér of
hours worked in the survey week, whereas eamings and
weeks worked per year relate to the previous year,'* Asare-
sult, the hourly earmings funciion does not, strictly speaking,
yield o measure of Inbor prices for either the coment or pre-
vious yvear. Because average weekly hours tend 1o lead the
business cyele, the measure of average hourly earnings may
he somewhal overstated during vears of recession and under-
stated during years of recovery. Furthermore, the use of aver-
age hours worked m the survey week may result in slight dif-
ferences m the distibution of eamings from the aciual dis-
tribution m the year prior o the survey. Given that the annual
earmngs and weeks worked data apply to the yedr prior o the
survey, an hourly wage rafe based on annual eamings, weeks

U The following 1971 means are substituted for bours worked in the sur-
vey Week:

Group hours Mean hours
1414 e
15-29 x93
3034 Al.38
3534 3643
Al 40,00
4148 4357
49-549 5104
60 or mone GE.8%

2 Daring the survey years priorta 1976, the CPS reporied grooped dats on
average weeldy hours for the previous year, bl Lhese were nnt used because
i1 was believed Mo the point estimetes calewlated frorm the data would likely
yield larger errors than the approach deseribed m the text.

i

per yeir, and hours per week is most consistent with the year
prior to the survey year.

Beginning with the 1988 survey, the CPS nscs a new meth-
od to impute the income of nonrespondents. Since the impota-
tion 15 based on the known characteristics of the respondent,
the estimated parameters of the wage model will be affected.
Changes between the 1987 and 1988 surveys in the estimated
parameters will then reflect changes in the reward to charac-
teristics as well as changes in the imputation method,

Thee 1988 survey data contains income measures based on
both the old and new impuotation methods, and two wage
equations are estimated. A wage equation using data based
cnly on the old imputation method 18 consistent with wage
equations estimated prior to the 1988 survey. A second wage
cquation using data based only on the new impotation method
iy consistent with wage equations for surveys after 1988, By
using two sels of 1988 estimated paramelers to link the wage
equations, changes in parameter estimates due to changes in
the method of imputation are eliminuted.!?

Another, but less significant, problem occurs because the
sample was altered againin the 1950 survey when the educa-
tional attainment of 14-year-clds was no longer reported. Be-
ginning in 1979, the wage equations do not inclnde 14-year-
olds in the sample.

Still ancther issue arises from the fact that cenain informa-
tion on worker characteristics is not collected on & regular ba-
sis in the CPS. Omitting these varizbles can result in biased
estimates of the remaining coefficients, but sporadically in-
cluding them could yield large and meaningless fluctuatons
in the estimated annual coefficients. Experiments indicare
that the esumated coefficients for schooling and experience,
the coefficients of concern here, wre fairly rabust with respect
to the omitted variahles problem. {Sce appendix B for tests of
selected omitted variables using the NLS data.) The estimated
earmings functions are based on the set of variables which are,
with few exceptions, available in all years.

There are also three differences in definition between the
CP5 and decennial censos data that can canse some problems
of comparability. Respondents to the CPS are identified as
part-time workers provided they work 1-34 hours per week
for a majority of the weeks in which they warked the previous
year. This differs conceptually fram the definition used in (he
1950 and 1960 decennial cenguses_ In these censuses, a part-
tme workerisanyone working 1-34 hours in the week prnior o
enumeration. This includes persons voluntanly (such as for
lness or vacation) or involuntarily (zuch s for slack work or
material shortages) on pan-time schedules i the survey
weck, Their annual salary, however, reflects their usual full-
time work schedule, and the lower estimate of hours worked
inflates therr hourly earmings. The hourly wage rate of self-
identified pari-time workers is expected 1o be lower than the
wage rate of persons working 1-34 hours ina given week; this
is exacily what was found. Since self-identified pan-time

18 parameter estimates are bassd on dota using the old impuoiz-

tion method. The other set of estimates is not reported.



waorker status i unavailable from the decennial censuses, no
variable defining pari-time worker status 15 included in the
earnings functions for those particalar years.

The decennial censuses report the number of children ever
bom 1o women, bot the Current Population Survey reporis
only the number of children of any ape and marital status liv-
ing in the housshold or away attending school. This defini-
tional difference affects the measures of predicted work expe-
rience used in the wage equations. For vounger women, the
rwi measures are virtwally identical. However, for relatively
older women, these children may be adults and no longer liv-
ing at home, [n an identical manner to the experience equa-
tions deseribed in appendix C, the propertion of plder women
with zero, 1, 2 or 3, or 4 or more children from the 1 in 100
sample of the 1970 decennial census is substituted for the CPS
data for women who completed their schooling at least 26
vears ago.!* Five separate sets of proportions classified by
education are used for ever mamed women. Another set of
proportions are used for never marmed women.

Oine minor discrepancy remains. Residence within & stan-
dard metropolitan statistical area (SMSA) is divided into cen-
tral eity (CCITY ) and balance of the city (BCITY) in the CPS.
Nodivision of residence within a SMSA 15 made inthe decen-
mial census. Instead, residence is either withina SMSA (UR-
BAN) or not. Differences in wages between residents of the
central city and residents of the balance of the cily are guite
small for men as well as for women prior to 1980, Therefore,
the abbrevialed classification available in the decenmial cen-
sus s nol 2 senious shorcoming,

Earnings functions

Thiz section describes the specification of the eamings
functions in more detail than in appendix A. It also presents
the estimated resulis. As indicated above, eamings fupctions
are estimaled separately formen and women. These functions
areé used to calculate the price of labor for all men and all
wormen regardless of race or ethmicity.

Earmungr equation. The earnimgs function 15 a semilog form.
It is basically an extension of the equation developed by
Mincer in that it incorporaies other worker charscteristics be-
yond schooling and experience, !> The earnings funclions
provide estimates of payments perhour associated with work-
er characteristics. Thus, hourly earnings are interpreted as the
amount firms in the private business sector are willing o pay
for the services of a worker with a given set of charactenistics,

14 The proportions are based oo samples of waimen who completed thelr
hpoling af least 26 years ago and reporied a positive number of hoiurs anid
weeks in the previous year See appendix C for further details.

13 Bee Mincer [ 1974) for a derivution of empirical wage mnodels. Whils it is
possible o dedve estimating forms from assumptions concerning the opti-
irial human capital investment path, this bas not becn done for this model,
Ben-Prraih (1967) derived a theoretically consiseent odel of human capital
myestment, but it is intrectahle 1o estimaton, Y, Ben-Porath does not seek 1o
denve estitnating forms. Instead, be iz concerned with the optimal fife cycle
path for human capitz] investment.

™

including the human capital investments associaled with
schooling and work experience.

The variables included in the eamnings functions are listed
in table E-2. Acronyms for the regressors are shown in paren-
theses, Dummy vanables are used for different schooling
groups; the base group includes persons with 3-8 years of
cowmpleted schooling.

Table E-2. Veriables in the earnings functions

Dependent variable:
Natural log of hourly wages

Explanatory variables:
Estimated SSA work experence (EXPER)
Estimeted S5A work experence squared (EXPS0)

Dummy vanabile for thosa:
wilh 7-4 years of completled schoofing (S1-4)

with 5-B years of completed schooling (S5-B)
(omitted varlable)

with B-11 years of compleled sohooling {59-11)

wilh 12 years ol completed schooling (S13)

wilhi 13-15 years of completed schooling {513-15)

wilh 16 years of completed schooling {516)

with mare than 16 years of compleled schooling (S17+)

Dummy variable for
part ime employment (PTIME) (available 1968-91)

velerans (VET) (meanonly prior 1o 1285)

resident of New England Census Division (NEWENG)
resident of Mid-Atlantic Cansus Division (MIDATL)

resident of East Morth Central Gensus Division (ENCENT)
resident ol Wast North Central Census Division (WNCENT)
resident of South Atlanfic Census Divizion (S4TL)

resident of East South Cantral Census Division (ESCENT)
resident of West South Cantral Cepsis Division (WSCENT)
resident of Mountain Cansus Division (MOUNTAIN)

resident of Facific Census Division (PACIFIC)
(omilted varatia)

resident of central ity of SMSA (CCITY) {available 1958-81)
resident of balance of SMEA (BCITY) (available 1968-91)
residant of SMSA (URBAN) (available 1950 and 1980}
residents fiving oulside SMSA (RURAL) (amitted vanzble]

For example, the estimated coefficient with respect to the
“dummy varjable for those with 12 years of completed
schooling (312)" measures the approximate percentage dif-
fer=nce between the hourly pay of anemployee with 12 years
of schooling and an employee with 3-8 years of schooling
{that is, the base group), holding expenence and other worker



characteristics constant. The educational gronpings in the
earnings functions are the same as those for hours shown in
appendix D,

The variable for work experience in the earnings function
nses the values obtained from the work experience equation
employed in the first stage of the two stage procedure de-
seribed i appendix C. Linear and quadratic experence lerms
are included in the eamings function; this implies a parabolic
cxperience-earmngs profile consistent with commonly ob-
served age-camings profiles.

The remaining variables in the earnings function relate
earnings to worker and job characteristics other than school-
ing and work experience. Although they are essentially used
as control varjables, some explanations may be useful be-
canse several can be viewed as related (o inyestment in human
capital.

Hourly cash camnings of part-time workers are generally
less than eamings of full-ime workers, To take account of
this, a dummy variable is included for part-time workers in
the eamings functions. Several inlcrpretations are possible,
Persons working part-time schedules (volantarily or not) may
garn less hecanse they are Tess willing or have less oppartunity
to invest in on-the-job training than full-time workers.!® Or,
these workers may be receiving anegative compensating dif-
ferential for their short workweek, Successful job sorting by
employees would lead to the conclusion that workers with the
strongest preference for the short workweek will occupy
these johs. These workers are, therefore, the most willing o
sacrifice wages to achieve a part-time work schednle.!?

1 addition, the firm's fixed cost per employes may make s
part-time schedule more costly per hour of wark, and it may
be less willing to pay the full-time hourly rate. Finally, in
addition to the possibility that part-time workers invest in
skills at a slower rate, there may be unobservable differences
between part- and full-time workers, The fact that some

1% The rate of treining for part-time workers is cxamined by Corcoran,
Domcan, and Ponea (1983) and Duncan and Hoffman [ 1979),

IT Frem the perspective of individual uiility muximization, @ person deter-
minizs the opfimal number of hours 10 work at the prevailing wage. Any devi-
ation from s optimim is an infedor solition, Therefore, a perscn Wishing
i work oily part fime can be made indifferent to working full tme only by
sorme fomm of compensating differential. A full-time worker also requires @
compensating differential to be induced to work pan tme, Profit masimizing
firme can minimize laborcoss by placing werkers in their most desired wiork
suhedude.

1f all persons work thetr optimal numbser of hotirs then nomeastrable com:
pensaiing differential will be spparent. A negabive differcotial for par-tme
workers suggesis thai there are an insuilicient mamber of pan-time jobs rela-
tive 1o demand, and a positive differential suppests the opposite.

In Brown's survey (1380} of 17 studies of compensating differentials, he
neies thal empirical studies frequently fidl 1o observe compensating differen-
tials or estimates may conflict with thenry. This seems o be the case i his
survey of estimates for job safety amd working conditions, However, the few
sudies thar examine work schedules all find lower hourly eamings for those
with Mexihls hosrs, Tt would appesr that this premium paid by employess
whi can seb their work schedule imphies a desirs for a Oexible work schedule.
Al=g conststent with the nobon that 4(-hour workweeks are in oversupply,
Brown Dnds thar par-ume workers are paid a significantly lower hourly
wiige than full-time workers, Heurly wages are also significantly lower for
perstns working more than 40 hours per week compared to persons working

Just A} hours.

workers are on part-time schedules may indicate that firms
have a low regard for these workers because of unmeasured
differenices in abilities, motivation, or other worker qualities.
In sum, it is unclear whether the hourly cash wage rate of part-
time workers 13 leas than that of full-time workers becanse of
differences in the level of skills or preference for a shorter
workweek. This study assumes the Tatler,

A dummy vartable for veterans is included in the earnings
function for men (and for women beginning in 198Y), Several
studies have shown, other things equoal, that earnings of veler-
ans of World War 11 and Korea are higher than those of non-
veterans, but more recent velerans either receive ho premium
ot have lower eammings.'® The earings differential for veter-
ans may reflect direct effects of militsry training or service,
unmezsured quality differences, the effect of veteran status as
a screen for either quality differences or subsequent training,
and differential treatment of veterans in the labor market, 1%
The measures of schooling and experience would not pick up
this earnings difference because the rate of investment in
skills is assumed to be the same in both civilian and military
activity.?® Ope could possibly muke a case for inchuding the
variable fior veterans in the calculation of the price of Iabor,
but it was not dooe because it would require imcreasing the di-
mension of the hours matrices, and it 1s not clear, in any case,
what the variable actually measures.

The eamings functions are estimated without regard to race
or cthnicity. The samples of white, black, and all ethoic
groups are pooled o estimate a common set of coefficients.
Agzindicated in appendix A, racial and ethmc thserimination
is assumed to take the form of employes diserimination. In
this case, the earnings of neither whites nor minorities equal
their marginal product of labor. Since employee discrimina-
tion primarily redistributes earnings between workers, the av-
erage wage paid o all workers still measures the murginal
product of labor for all workers.?!

Finally, dummy varisbles for census divisions and wban
Incalities are included in the camings functions, These are in-
tended io reflect wage differentials induced by regional price
differences relative to the omitted group, nonurban residents
of the Pacific census division.

18 Berger and Hirsch (1983) lind that Viet Ham Bra veleruis eam elmost as
much asnonvererans, However, they find that Korean, World War L1 sad oth-
er veterans cam significantly more thin nonvelerans,

18 B Goldberg and Warner (1987) for a discossion ol thig point,

T Military service 15 geaerally cradined towand Socinl Scounty coverage
and i5 therefore incleded in the measures of work experience used in this
study, Sirmilarly, men senl 1o college during their military service wolld alsn
be credited with this schooling. However, truining st technical schoaols Wolld
nol be mcluded

The most importan! issue congerns the intensity of training and schooling
while in military service. Tf the intensity differs from civilion work, velerans
acquire skills at 4 different re than civilisns, and the veteran siatod dusmniy
varirble reflects skill differsnoes. This study sssupmey velerans aequice shills
a1 the same rate a5 civilians,

1l Employee discrimination also distorts the allocation of resources. Thig
umplizs that the vilue of margingd produets for soime type ol capital dnd labor
are not egqual w their factor prices, Thersfore, it s possible that the average
wage may differ from the margimal produet of all workers.



The price of labor used to weight the hours of work 15 not
identical with earnings derived directly from the eamings
function. A simplified version of the eamings function pres-
ented in table B-2 is shown as equation 1.

Eamings functon:

1) LnW=a+b=*ED+c*EX-d*EX?+f*2Z
Specifically, the price of labor, W, s the sum of the pay-
ments for education, ED, work experience, EX, and unmea-
gured skills, a + f * Z. The price of labor W' in equation 2 adds
to the intercept the mean value of the other traits, Z, weighted
by the estimated coefficients f, thatisa’ =a + f * Z.2

The price of labor:

2) LnW'=a'+b*ED+c*EX-d*EX?
Theexcluded raits, Z, may or may not represent productiv-
ity-related differcnces between workers, Regardless, firms
are assumed to equate wages with the value of marginal prod-
ucts, and so these differences are relevant wo the messurement
of output elasticides. Since these other fraits are numerous,
inclusion would partition the hours matrx too thinly to mea-
sure meaningfully the hours of each type of worker, Insiead,
the values of these other traits are included in a modified inter-
cept. As indicated in appendix A, education and experience
parameters which include the return to education and expeni-
ence as well the retum to other traits yield an ambignous mea-
sore of labor composition. To minimize this problem, these
other traits are included in the eamnings function so that the
measures of returns to education and experience more closely
reflect those returns and ne other extraneous factors, By add-
ing a weighted average of these other traits 1o the intercept, the
adjusted intercept approximates the retums to skills other
than education and expericnee. ™

Differences hetween men and women in the intercept are
permitted to remain. As indicated in appendix A, a number of

22 For each year, equation 2 weights the mean value of all verables except
education and work experience by their estimaled cosfficient end adids this 1o
the estimaled wntercept
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interpretations are possible, For the porposes of measuring la-
bor composition, two interpretations deserve concemn: Differ-
ences in unmeasured skills and discrimination. By adjnsting
separately the intercepts for men and women, in effect, the re-
gional and urban dummy variables for men and women have
been equalized.?® The difference between the male and fe-
male intercepts will now refleet the U.S. average level of sex
discrimination, if any, as well as differences in unmeasured
skills.

Eaimated eamings fimction. As indicaied earfier, the hourly
prices of labor used in the Iabor input index are calculated
from the schooling and experience coefficients estimated m
the eamings functions. These estimated coefficients (and
their t-statistics) for men and women based on the 1950, 1960,
and 1968-91 surveys are shown in tables E-3 and E-4. Tables
E-12 and E-13 at the end of the appendix show, for selected
years, the complete estimated earnings functions described in
table E-2.

In the case of men, the estimated schooling coefficients are
all significantly different from zero (all tests are at the 95-per-
cent confidence level); and, with only two exceptions (S17+
in 1950 and 1971) the coefficients in each year increase with
additional years of schooling, as expected. Similarly, all of the
estimated coefficients with respect to the experience vanahle
have the expected signs and are statistically significant,

Tt is more difficult to appraise the stability, or lack of siabil-
1ty, of the estimated coefficients over time because changes
can reflect “real” economically induced short-run and leng-
rin movements a8 well a3 random and/or systematic measure-
ment errors. For men, experience coefiicients are mom stable
than those for schooling. But, on the whole, even the anmal
changes 1n the estimated schooling coefficiens do

1310 effect, this stody docs not cansider the effect of differences in the dis-
tribution of these wraits by edocation and experience. Howeves, differences in
the distdbution of (hese raits between men and women are captured by the
use of separate equations for men and women.

4 The adjustment o the intercept is consistently small and ranges 1m valoe
from -031 to 0.040). These adjustments chenge the wage of women as well
g5 the male/femaie relative eamings by no more than 4 percenl. (These ad-
Justmems usunlly couse a change of less than 10 percent in the estimated fe-
male intercept, bue the change does range from - 11.2 percent 1045.9 pereent. )



Table E-3, Estimated earnings function coefficients for men, selected years, 1350-91

‘Years of education Experience!
Survey year Inlercept
14 -1 12 1345 16 174 Linear Cuadratic
190 L a s -0.354 0,160 0.093 0163 0.245 0az2 0.447 0.015 <0.000078
(23) (12) (11) (19) (1) (25) {18) {48} (27)
L1 R A32 - 166 00 78 324 545 .50 v ] -.D00074
{7-5) (B.3) (10) (18) {25} (23] (24) {40} (28]
it ERN e 345 - 199 a2 231 351 G20 B27 014 - 000070
(18) 7.7) {7.:9) (19 (23) (28) (25) {28) (21}
1B, G4 =132 112 242 364 A3 638 015 -.000080
(18] (4.9} (8.8) {20} (24) (2} (26) (31} (25)
b e L R 508 -.205 37 243 343 554 645 014 = 00007
(24) (7.8) (10 (20 {24} (32) {27) (28) (22)
1 7 e T A78 =134 112 241 95 BT Shd M5 - 0000E2
{21) {6.7) (8.0} (18] (25) {31} (24} (3a) (25}
187 e iias 425 =188 30 239 362 ) .B52 018 =000098
(18) (8.7) 9.1} (18} (23) {29) (=7) (28 {30)
1973 e R-ch | =234 DB8 208 413 99 568 217 - 000088
(23) (7.5 (5.8 (15) (1) (28) {23) (34) (27)
1974 - caiaziviig 540 -237 55 250 326 ABS 815 i - 000096
(23) (7.2} 19.8) (18} (20) (25) {26) (38) (28]
TGy i oy &M -.268 24 214 275 A3 533 .0a =00008E
(26) (7.1) (7.1 (13) (15) (21) (21) (33) (26)
j i 584 -298 M7 259 .336 554 BB2 018 000105
{27 9.1) (7.8 (18} (22) (32) (34) {45) (36}
L 3 B44 - 158 BET 275 33T 562 686 218 - 000103
(33) (5.2) (8.5) (22} (24) (38) (36} (50) {39
- L2 r - R EOMR T R B84 -208 .154 305 376 ST 685 D20 - 00070
(34} (6.7) (11} (24) (26) (35) (a8) (43) [38)
YOTR Fr s st 805 ~.2a3% 162 e ) S92 .588 706 018 -.0000EE
(23) (7.0} {11) (23) (28) (35) (36) (45) (34)
TEHID i s bisy g321 -273 132 284 364 545 £ag 09 - 000098
(47) (8.5) (B.9) (22 {25) (34) (38} {49} {38}
TBEE Lo 1.016 =204 J42 293 351 547 e 318 -.000098
(51) (8.3) {3.4) (=2) (24) (34) (28) (49) {28)
w1 e PN 1038 - 267 40 281 358 539 .686 e -.0000a7
(45) (6.9) 8.0 (18) (21) {30 (34) [44) (33}
(2 12 12 e Aoy 1042 -39 24 3058 Aan 562 T35 020 - 000102
(42} (5.7} 16.3) (7) (20) (28} (34) (43} (33)
il SRS AR 1.023 - 183 138 254 379 558 782 020 -D0M06
(<0} {2.9) (6.8} (18) (=20} (29 (35) (45) (4]
ARG L e e 1.079 =210 3 313 AarT BaT JiT 020 -.000101
44) {5.0) (&7) (18 {20} (33} (36} (45} (34}
TOBB Scc ki vwiwes 1.047 =179 383 228 AaT .Ge4 BT70 020 =000102
{42) {4.1) (9.1} {18) {23) (23) (39} {45) [33)
! LT 1.088 -215 43 A8 421 BET .BES 020 -.0ooioz2
(a4} {4.9) 7.2) (18) (22) [35) [35) {45) {33}
11 - SR 4 1415 =041 166 335 443 584 881 018 -000091
51} {1.1) (9.4) {21) {28) (39) (45) {47) {33)
E8L e 1.143 =108 185 349 AB2 T21 .Ba2 018 =-.000088
(49) {2.8) {2.8) (=0} (28) (38) {42) (#3) (30)
1990, & s n gy 1.248 =097 J144 328 A74 38 JB00 017 = D00CED
(s7) 27 {7.8) (=0} (27) (a0) {44) a1} (28)
TR ik, 1.278 - 72 ST MBS .745 898 M7 - 000GES
(57) (2.9 (2.0 (18) [27) (40) (43) 42) {30)
| Expenance ls measured in quaners of estimated work experience. MOTE: I-statisfics in parentheses.
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Table E-4. Estimated earnings function coefficients for women, selected years, 1950-91

Years of education Experienca’
Survey year Intercept
14 211 12 13-15 16 17+ Linear Quadratic
1950 .. ..0uns -0.353 0.05 g.ovz 0.145 0247 0297 0.313 0.0075 -0.000049
(15) (.5} (5.2) {12) (13) (10} (7.2} (13) 8.7)
1 | s SRR 048 -117 70 163 266 A03 453 0073 -.000040
(1.7 2.9) (4.3) (11 (13} 12) (B.5) (1) (6.5}
OB gty a7 -.064 n8s 208 323 453 574 0110 -.000081
(2.8 (1.0) {ag) {12) (13} (13) (9.1) 14) (10)
1969 .. - 277 -121 o7o 205 329 437 B3z .noaa -.000060
(B:5) (2.1) (32) (1) 13} {12) (11) (11) 79
1 [ A02 - 098 049 AT0 a02 380 376 J00B2 -.D000s7
13) (.7 {2.4) (9.4) (13 (12) (7.6 (12} {8.4)
Lo Rty 341 - 108 02 252 390 A04 .359 0102 - 000074
(1) (1.8) (4.8) 13 (17} {15} (79 (14} (1)
1972.. .. 5 A28 - 0B5 13 224 322 ATE -637 ons -.000083
(10} (1.4) (5.00 {11) (13) (14) {12) (15) (1)
FORT e sz 405 - 089 085 196 303 Az8 451 on7 -000088
(12} {1.2) (41} (9.5) (12) {13) (8.9) (18} (12
1974 2 452 063 100 82 340 A6 532 0120 - DO0oe2
(14) i1.0) (4.2} (B.5) {14} (13) {11) {18) (11}
L+ - S 566 020 055 164 202 378 508 014 - D00CET
7} (.3} (2.2) (7.3) {11} (12) (11) (14) (1o
1976 - 547 -0E1 052 216 <) ] 402 462 o128 - 000097
(20) (1.4} (25) (12) {16) (18) (13) (20) (15}
e e 587 - D61 0BT 214 326 A56 576 0139 000107
(24} (1.2) (3.7) (13) (18} 20) (18) (25) (e
ROTR. o ioiia i BB3 049 084 245 360 ABT B8589 0123 -.D000BE
(30) (1.0} (5:2) (15) {20) (23) (22 (23) (18}
TN RO JBan -ma D042 216 I16 AD4 552 o104 -000070
(35) (-3} (2.1} (12} (18) (18) (i9) 19) (12}
2T R gzl -.070 083 230 /340 507 JE0S o122 -.000091
(37) (1.3) (4.8) {13) (18) 23) (22) (22) 118}
1981 .. .. " .oog 054 081 219 380 501 559 0125 -.0000s3
47) (1.0) (4.1) (12} {18 (23) (20) (23} (17
1982, e 1.093 -175 D36 .200 343 453 Big 0116 - O000E3
(43) (3.) (1.7} {10) (Rl (20) {23) {20) 14)
PO s ey 1.008 -222 086 244 270 534 BS50 0iEt - 000130
(3E) (3.5 (4.1 12) (1) 22) 22) (26) (20}
1984 o 1.083 =217 =] 246 /385 .539 Jiz 0140 -0000e8
(3s) (3.2) 13.1) (11) {16) {20) {23) (21) (14}
1965 . 107 ooz DBS 236 A0z 581 734 gz - 000120
(37) (o) (3.5) (11) (17 22) (25) (26) (18]
1986 , 1.091 -120 q12 258 410 B17 768 0161 -,000118
(38} (1.7) (4.6} (12) (18) (25) (28) (26) (18)
1= 7 A 1.064 ms 063 250 A04 £24 B0E D167 000124
(35) {-2) (2.4) (10) (18) (24) (26) (24) (17)
|5 AP 1.030 -031 AE1 323 A95 BE1 B5E 0176 - 000131
(39) (.8) (7.0 (15) 23} (30} (32 (22) (21)
[ S 1.148 -7 128 296 482 715 853 0148 -Doo1a7
41) (2.2) 5.2) 13) z1) {29) 31} (25) (1B}
1950 .. g 1,191 =073 100 284 454 726 g8y 0162 000124
{43) (1.2) {4.1} (13) {20} {30} {29 (27) (20
p 1) R e 1210 006 337 310 A81 733 853 D67 -.000127
{43) (1) (5.5) (14) {20) {20} (31) (28) (21)

' Exparience is measured in quariers of estimaled work experience.

B3

NOTE:t-statistics in parentheses.



notappear 1o be highly volatile except for the lowest educa-
ton group (1-4 vears) for which the number of observations is
comparatively small.

The results for women gre nol guité a5 consistent as those
for men, in part, becavse the sample is smaller for women,
There are seven cases for which the estimated schooling coef-
ficients do not change as expected with the years of schooling,
but these are for the lowest and highestedocation groops and,
11 part, reflect the small number of observations in these cells.
All of the estimated experience coefficients, on the other
hand. have the expecied signs and are statistically significant,
The schooling and experience coefficients are more volatile
for woamen than for men,

Tables E-5 and E-6 show the indexes of the hourly price of
lubor by years of schooling, holding experience constant, 2}
These are calculated from the estimated coelficients reported
in tables B-3 and E-4, The figures for menin 1991, forexam-
ple, indicate that the cost of an hour’s work was 1354
(235.4-100) percent higher for a person with 16 years of
sehooling than for a person with 1-4 years of schoolmg, and
the cost was 53.4 (235.4/153.5-100) percent higher than that
of a high school graduate, On e whole, price differentials are
larger for men than for women. For example, the differcnoe in
the price ul labor for an hour's work for a person with a col-
lege degree and one with a high school diploma is Targer for
mien than for women. The comments made above concerning
tables E-3 and E-4 obviously apply here also: The price for an
houor's labor always increases with years of schooling with
wa exceplions for men and in nearly all cases for women.

The earnings weights acmally used rocompute the labor in-
put index are more stable than the snnual prices of labor
showm in the tables. Thisis hecanse the prices of labor used in
the Tormngvistindex number formula are averages for twocon-
secunve years (see appendix A). Use of these averapes tends
to reduce the effects of any random Muctualions.

Tables E-7 and E-8 show indexes of the relationship be-
tween the hourly price of labor and years of experience, hold-
ing education constant. These, (oo, are calculated from the es-
tmuted coeficients shown in lables E-3 and E-4. Besides
these hourly labor price-experience profiles, the tables show
the peak earmings point, that 1s, the number of years ofexperi-
ence at which earnings reach theirpeak. The tables also show
the marginal percentage increase in the price of labor result-
ing [rom an additional year of work experience (evalvated at
the annuoal sample mean of expenence). In the case of men,
the labor price-expenence profiles have tilted upward over
the 41-year period, 1950 through 1991, Thus, m 1991, an
hour's work by & man with 20 years of experience was 134.1
percent higher than that of a man with no experience, whereas
in 1950, the differential was 86.9 percent. The peak eamings
year for men has rematned fajrly constant, about 24 vears,
during the entire period. The marginal increase in the price of
libor associated with an additional year of experience rose

* The semulag form of the eamings fuikelion willeot mteract on terms be-
tween cdocation and experience yields an index of the price of labor by
educational attainment that 15 identical ot all levels of experience.
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substantially over the period reflecting the wpward tilt in the
profiles and the decline in the mean level of work experience,
The picture 13 much the same for women: The hourly labor
price-experience profile tilted sharply upward dunng the
41-year period Lo the degree that the marginal rate of increass
in the price of labor nearly doubled. The peak year may have
decreased slightly during the penod, but this 1s hard Lo discern
becanse of the annual fluctuations in the series. However, the
Fatter price-experience profile forwomen is the most striking
difference berween the price of labar for men and women.

Additional statistical tests
This section presents the results of two additional econa-

metrc tesis related to the earmings functions. The results of
the first st show that the eamnings functions for men and
women differ significantly, and that these differences per-
sisted over the 4 [-year period covered in this bulletin. The se-
cond test shows that the annial movements in the estimated
education and expericnce coefficients shown in lables E-3
and E-4 reflect significant intertemporal changes in the eam-
ings functions, particutarly with respect to the Iabor price-ex-
perience profiles.

Tests for differences by sex. There are u host of studies of
mzle-female wage differentials based on eamings functions
which have found that the estimated coelficients for educa-
tion and experience are significantly different for men snd
women: These studies have been based on many different
sources of data covering a vadety of different time periods. 2"
The resulis presented here, based on decennial census and
CT'S data, are consistent with the conclusions reached in the
carlier studies,

To test for significant differences between the estimated
coefficients for men and women, the samples for bath genders
are first pooled, An earnings function 15 then estimated from
these pooled data which includes the variables specified in
table E-7 and interaction terms between women and years of
schooling, expenence, and the ntercept.

The use of inferaction terms permits differences betwesn
men and women to be measured and tested, These functions
are estimared for 6 selecied years covening the period begin-
ning in 1950 and ending in 1983, The top half of table E-2
shows the estimated coeflicients (and 1 scores) for men. The
retums to women are meazured by the sum of the coefficients
on these variables and the comesponding interaction e
The difference in the retumns of men and women are measured
by the mteraclion lerms and are shown in the boltom hall of
the table (along with I scores). For example, the estimated co-
efficient for the return o male college graduates in 1950 1=
.432, The comesponding retumn for women is 0,273 (=-0.15%
+0.432), The interaction térm between college graduates and
the female dummy vanable has a coefficient of -0, 159 imply-
ing that female college graduates earn less than male college
graduates in that year. This difference was also significantly
different from zero. More geunerally, the resolts indicate that

28 Frr a survey and bibliorrphy 10 eudier studies, see Fruncine I, Blou
and Marianne A Ferber {1986}, Also, see Solomon W, Polacheck (1984).



Table E-5. Indexes of tha hourly price of Iabor by years of education for men, 1950-51

(1-4 yeers of education = 100)
Years of schooling
ki it 58 a-11 12 1315 16 17+
|- 1 TR S WL M e B aa 131.0 138.7 152.8 1821 177.9
TEERY o oo s i 34 iy wees e L ; 11648 129.2 139.7 161.5 201.6 202.6
TOBE - e e e T e A i 122.0 135.1 1538 173.4 2052 Z28.4
g7 R e T S R b AR 1141 127.7 1454 164.3 184.0 216.0
19 i s R W e s 122.8 140.8 166.6 1741 21386 234.0
L A e L i21.4 1358 1545 180.2 2151 210.8
1972 1 Crdie L8] 121.8 138.7 154.7 175.0 2083 2338
1t FREECER SN e | greng e A 126.4 138.0 155.7 1729 =081 2231
L7 STl e SRR AT e A . 126.7 149.9 162.7 1765.4 2058 2343
D A S S b A 1308 148.0 161.9 1721 201.2 2227
YEB L e ehewaia A e e e L B 134.7 151.4 1746 188.5 2343 261.0
L e e o e B A e 11741 13T 1541 163.9 2054 2324
BRI v com w6 e i i B i 1232 143.7 167.2 178.5 2181 2469
1979 .. < W Lo an 126.5 148.7 1737 187.3 228.0 256.3
18680 .. i e 131.4 149.9 176.3 1681 226.6 2642
1981 .. e i P 122.7 141.4 154.4 174.3 212.0 248.0
1883, iaoce ¥ 'z 130.7 160.2 173.0 1B86.8 224.0 2594
DB o e R e g 127.0 143.7 1722 184.1 2227 264.8
8B . o pvamas A AT B i P e 120.0 1378 161.0 17583 218.3 2624
B e v= RN AR B s e 1234 1405 168.8 180.0 2358 2685
TBRE- Cit M b R i 1196 1436 1662 186.0 2323 2855
LS A AP O e e STy 124.0 1431 170.5 188.9 2430 2045
TOBE o o:ioiisie gt 104.2 1231 145.7 162.2 208.6 251.6
THEM  mss s e Jaiacninaighog sEr-p 111.4 124.0 157.8 176.9 229.2 2659.1
b -, 7. | P O U P MU | o2 127.2 1529 176.9 2303 270.8
{2 e e B = 1.8 1327 153.5 181.5 2354 274.5
L T A R ST SO | O s 121.6 1381 159.8 176.2 216.8 245.5
Sourca; Calculated from table E-3,
Table E-6. Indexes of the hourly price of labor by years of education for women, 1950-91
[1-4 years of education = 100)
Years of schooling
Survey Year
5-8 -1 12 13-15 16 17+
L R e LI B a ko e N 102.5 1119 121.8 1318 135.0 1350
1060 s pa e s ssags s n gt r e di I, 1128 1234 135.1 1499 171.7 180.2
L i T e F L T e R e 106.9 117.0 1242 147.0 1739 1888
T s apoppntin  mipmir 4o i, : 115 120.8 136.7 1541 171.4 208.5
1870, , =piszE g 111.0 1165 1307 148.5 160.8 160.4
1877 - > H i ' 111.8 123.6 120.6 160.3 17a.7 154.1
15 SHOI YR ST SN e R ' 109.2 122.8 137.0 150.9 176.0 2064
vt I R e e e 107.3 118.6 131.0 1458 165.4 1681
PIT i cici i e e e 107.4 1182 130.3 1511 163.0 183.0
L, e B e 9B 104.4 116.2 131.8 143.8 163.7
PR i e d bt e DT 10B.6 114.9 1352 1514 1631 1725
1977 . T e T 1066 1147 1325 148.0 168.4 1696
3 1y oA SR SRS e el 105.4 116.4 135.0 151.1 171.6 203.3
FATE . iy = e R L S 102.6 107.3 127.3 1402 1632 177.2
A % 108.2 1a.2 1363 1517 173.4 1984
e e e R Ao w a53 103.9 118.8 135.2 157.4 1656.5
Y e S S D 120.0 1248 146.7 168.9 188.5 2221
1883 ... P, TN T 125.5 139.0 160.2 1681.2 213.2 238.8
1884 samidasd e 1252 136.4 160.2 185.4 2103 2539
) o T R L S T | 100.9 110.4 127.8 150.3 176.3 209.0
O e e owe Eh s g s 1141 128.3 148.0 171.8 211.4 2452
W v L S B e Tt m s v 281 106.2 1277 148.7 1854 221.7
TRBR - ipres. e e 103.2 121.3 142.5 169.2 2038 2428
L S B R S e s b 2.4 127.7 1511 182.0 229.6 2554
it R e R R 107.6 118.9 1428 1694 222.3 238.7
ABREE 5 oo drda it AL A 5904 114.0 1355 160.7 208.1 gazz
Mean . b R iRt el 108.2 118.5 1362 1553 1802 2012

Source; Calculated from tabis E-4.
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Table E-7, Indexes of the hourly price of labor by years of work experience, peak eamings years, and marginal increase in hourly

labor prices for men, 1950-91

vaﬂan_;inal-?

Years of work experence Paak] ::chrgﬁ::
BHrvey yess Bamings labor
price

4] L 10 15 20 {pensent)
e 1y SRR 1000 12648 152.6 1BE.9 124.0 24.3 1.53
THE0 oy 1000 1304 1601 2019 200.7 247 1.66
1868 - ccasrany 100.0 1277 1541 189.9 1871 243 153
1= - P 100.0 1312 161.4 201.5 1947 237 1.62
1570 i 100.0 1273 1531 186.7 1811 23T 1.44
1§ ST e 100,0 130.5 159.6 196.3 185.9 228 1.47
1972 s pame sy 100.0 1379 1767 2256 2.5 22.9 1.85
PRy e 100.0 1347 168.1 2156 2072 23.6 2.00
1874 . 100.0 137.6 1753 226.3 2152 234 .15
175 coa 104.0 1370 1740 2234 211.8 232 2.03
1976 .. = 100.0 141.3 1836 240.9 2258 231 2.24
1 F i g 100.0 1415 184.7 245.5 235.1 23T 2.55
1878 . 100.09 1418 1E5.0 2451 232.6 23.4 2.56
1979 . £ 1008 13B.5 178.0 235.8 231.8 24.5 2.60
1986, . 100.0 140.0 1811 238.7 226.9 23.7 2.87
1881 . . 100,06 1402 181.6 240.6 2325 239 2.60
1982 . 100.0 140.2 1824 243.2 236.2 24.3 2.81
TABR oo v chs 0.0 1421 186.2 250.3 242.9 244 2.62
T e 1000 1441 180.8 260.3 263.9 242 2.3
1985 1000 1437 1906 2832 263.3 250 292
1988 .. a6 1000 1440 1925 267.0 266.8 250 2.88
TEEE v ew 100.0 1441 23 264.4 2640 249 2.5
198 = vz viee 100.0 140.6 183.8 2522 258.3 25.8 2.97
1968 gi2838 100.0 138.5 1814 2476 254.4 26.0 2.83
iz L 1000 1357 172.7 2313 2401 265 271
L1 o T 1000 1368 175.0 2343 238.3 25.8 262
Mean 100.0 1376 1761 2345 2268 243 233

! *faars of work experience. ence of the percantage Increase In eamings due to an additional year

2 This is the partial dervalive of Ihe wage equation with respect to
experlence evaluated at the annual mean of eslimated male sxpan-

the schooling coeflicients for women were lower than those
for men in each of the education groups and in all years (with
the insignificant exceptions of the high school graduates in
1950 and the 9-11 schooling group in 1973), except for the
lowest schooling group for which the coefficients for women
were larger, In 20 of the 36 possible cases, the differences are
not significantly different from zera, bui there are at least two
coefficients in each year, except 1968, for which the differ-
ences are statistically significant. In 1968, only the estimated
coefficient for the interaction term for those with T-4 vedars of
schooling was statistically significant

6

of expenence.
Source; Caleulaled from table BE-3.

The male-female differences in the estimated coefficients
for the experience lerms are more consistently sigmficant.
The first order expenénce term 15 always significantly lower
forwomen than men, while the second order teym is twice sig-
nificantly higher and once significantly lower. This confirms
the results of tables E-7 and E-2 which show that the labor
price-experience profiles for women are flatter than those for
mel,

In sum, the above findings, which are consistent with those
reported by other researchers, indicate that the returns to
schooling and experience differ for men and women as mea-



Table E-A, Indexes of the hourly price of labor by years of work experience, peak eamings years, and marginal increase in hourly

labor prices for women, 1950-81

MarginaF®

Years of work experience Peak! :;“hrgﬂdf'
Survey year sarmings labar
price

i 5 10 15 20 (percent)
WD ficaznie: 1000 1131 1231 1281 130.3 188 1,06
n |0 (RS 100.0 M3z 128.3 1327 1374 735 125
1968 <. ... O 100.0 120.2 1356 1435 142.6 17.0 123
[, e 100.0 1158 1281 1349 1385 17.9 1.13
1970 . 100.0 1149 126.0 13149 131.8 115 1.04
1971.,. s 100.0 118.7 132.9 1402 138.4 7.0 1.21
19F2 im0 100.0 121.9 138.9 147 B 146.9 17.1 1.44
1973.. S 10000 121.3 1372.7 1460 1449 168 1.4B
TR L icnibais 10000 122.6 1409 1518 1636 184 185
T Dy s aes 100.0 1214 138.3 1476 147 .8 17.6 1.65
1976 . y 100.0 124.0 142.5 151.6 149.3 165 1.68
ji | 7 100.0 126.3 146.4 156.0 152.6 16.2 1.64
7, | R S 100.0 123.6 142 5 15352 153,86 177 1.80
1999 - 160.0 120.3 136.1 145.0 1455 17.7 1.72
080 . i e 100.0 1234 141.3 150.2 148.2 16.6 1.76
- 100.0 123.5 141.5 150.5 148.7 167 1.74
1882 . Vi 100.0 1221 139.3 148.4 147.6 17 1.72
2 [ IR e g 100.0 131.7 156.0 166.2 158.3 155 1.92
TR s it 1000 1276 150.0 1624 1621 17.4 2.06
1985 ihiiaan 100.0 131.8 157.8 ITE 169.1 16.8 223
(b SO 100.0 131.5 1573 1712 169.4 17.0 225
g Lo T AR TR S 100.0 1322 158.6 173.0 171.3 170 229
i L MRy 100.0 1348 163.5 1787 1758 16.7 238
Lo R P 100.0 128.8 152.4 165.5 165.1 17.3 2.06
o2 - P 100.0 1.7 157.5 1708 168.2 16.7 2.06
1981 i 100.0 1328 159.4 1729 169.5 165 205
Mean Sy oiid 1000 1242 143.4 153.6 1525 173 1,73

! Years of work experisnce.
2 Thig is the partial derivative of the wage aquation with respect 1o
experience evalualed at the annual mean of estimated female experi-

sured by the estimated coeflicients. Therefore, it would be in-
appropriate to estimate 4 single earnings function from
pooled data for the two groups.Z7

Tests for intertemporal changes. The second test is cop-
cerned with the intertemporal stability of the eamings func-

7 This conclusion is further confirmed by joint tests of the cocfficients of
the internction terms shown in tabic E-9. In one test, the six women-school-
ing interaction lerms were omified; in a second test, the two women-experi-
ence interdction tenns Were omilted. The tabolation below for selected vears
shows thay the “F" stafistics were significant in all cases. (The asterisk indi-
cates statistical significance al the 5-percent confidence level ) This means
that omilting the subset of coefficients for schooling or experience ia any of
these years would significantly reduce (he explamed vamation (H2) in the de-
pendent Varable, the natural log of hoorly eamings. For e discussion of joint
tests of regression coefficients, see Robert 5, Findyck and Danizl I Ruhin-
feld (1981), pp. 117-20,

ence of the parcentage increase in eamings due to an additionel year
of experence,
Source: Calculaled from table E-4,

tions. Casual observation of the estimated coefficients for
schooling and experience and the price of labor reported in
tables E-5 through E-8 showed that it is difficult to discemn
whether the annual movements are merely random fluctua-
tions or real short-term and long-term movements. This next
test determines whether the observed changes over e are
the result of sampling errors. If the coefficients prove o be

These separa(e 1e51s are sironger than omitting the schooling and experi-
ence coefficients al the same time. If some coefficients are not significantly
different, stacked regressions can be nzed. A joint test would not reves! tha
only some of the paramelers are significantly different.

1950 1960 1963 1973 1978 1943
Omirting all schooling

coefficients 29 44 L0 LB 51* Eae

Omitting ofl experience

coefficients 381.9* T40.6* BR.7™ 1454 300.8* 331.7*



Table E-9. Estimated coefficients for schooling, experience, and interaction terms with women, pooled samples of men and women

for selectad years, 1850-83
eriabls 1850 18960 1968 1973 1978 1883
Men
7 e e | o SR N R <0318 0.053 0,330 0.529 0.589 1.034
(29) (3.2) {16) (24) (38) (45}
SITO s ARy essg msys - 166 -221 -.203 =232 =210 -.241
(19) (12) (7.6) (7.3) (7.0} f6.0)
ORI b2, ok e e wrih 04 qig A0z .0Bg9 155 124
17 (12) {?.E} I[E..E} (11} [B.6)
Ly e TR o P TR TR, 69 201 234 210 508 308
(27} (20) (19} (15) 25) (i8)
S\ ETE. ... b e ey e ZRY 349 353 315 378 T2
(28) (28} (22} (12} (27) 20
BB szcicepgacs o i b v o 432 564 520 500 B73 660
(38) (23) (28) (26) (a7) (30)
SITEP s o R R i Ce b Ea L A0 573 B4 563 o= 732
(23) (24} (24) [23) (37) {36}
EXTEIETIGE- o vutes sin o ws w ms ams v 0133 0146 A3r D167 0185 0197
I57) (39) {27} (34} {51) (44)
Expenence squared® . oo oo . -G8 -73 -0 -.88 -1.04 -1.02
144} (28) (21) (26) (40) (34)
Interaction terms with women
Intepoepl - oioooo - 062 - 056 -.204 =120 -.018 -016
(4.4) (2.8) [6.7) {3.7) [.7) {.5)
ST e ian R KTy Ty 41 By fac 145 166 365 D20
(6.7) (2.4) [2,3) (2.5) (2.7) (.3)
SRTOM . inens R R - 026 -.035 -015 ona -.06% - 025
2.2 (1.8) (.5} (.3) (2.5) (8)
ot £ s e e PP ity ey B, ooz 023 -3 ~f14 - 068 -.065
{2 {1.3) (.6) (.8) {21) 2.3}
- e B | S R FT e I Y: -010 -.068 =040 013 - 020 =006
[ &) i2.8) (1:4) 5] )] (.2)
BAG | vusin 5 R T i -159 -.148 - 035 -.068 -086 029
i7.3) 4.0) {.3) (1.8) (3.1} (.2
| | R TS, " - 110 =107 - 056 =13 -.039 =085
(3.6) {1.8) (9 (2.0 (1.1) (23}
Experience ..... ah ikt ey 38 -0ns2 -D07T - 0030 - 0055 - 007 -.0033
{14) {11} (3.3) (6.1} {10) (4.2
Expatience squared! . ............ 22 icls -.08 a7 A7 - 29
(6.:2) (8.7) {1.09 (-8) {2.7) {4.0)

MOTE: t-statistics in parentheses.

ztable, the samples could be pooled and the efficiency of the
coefficients increased. Otherwise, the earmnings weights must
be based on annval measores of the price of labor.

The data for 1968 are pooled with those for 1973, 1978,
and 1983, and the eamings function is estimated for the
poaled sample. The function includes the variables specified
intable E-2; a set of interactions between year-specific (1973,
1978, or 1983) dummy variables and edocation or experi-
ence; and year-specific intercepts. Thus, 1968 is used as the
base year, and the coefficients for the interaction lerms are es-
timates of the differences between the coefficients for each of
the 3 years and those for 1968. The functions are estimated

! Coefficient i mulliplied by 10,000,

separately for men and women. The resulis are in tables E-10
and E-11 (year-specific intercepts are not shown),

In the case of men, there were statistically significant
changes between the 1968 schooling coefficients and those
for 1978 and 1983, Men with 17+ years of schooling received
higher payments for their schooling than their 1968 counter-
parts (table E-10). In addition, men with a high school diplo-
ma in 1983 and men with 2-11 years of schooling in 1978 re-
ceived higher returns for their edocation. Thus, there was &
statistically significant increase in the schooling coefficient
for those with 17 or more years of education, from 0.627 in
196810 0.6951in 1978 and to 0,735 in 1983. The first orderex-



Table E-10. Estimated coefficients for schooling, experience,
and intertemporal interaction terms, men, selected years,

_ Base yaar Interaction coeficienis’
Vacashe ig68 | 1973 | 1978 | 1eea
57 F o) Ry .129 -0.035 <0010 <0.040

(74 (3 (2) (.8)
BT 290 cerr s Aoz -.014 o5z 22
(7.5 (i (28} i1.0)
SR e 231 -.022 074 073
{19) {1-2) 4.0) {3.6)
SETOIE ... i 351 -.038 Jn2s5 020
(22} (17 (1.1} (-8)
BiB -ccopyerzaqs 520 -.021 051 042
(28) [.B) (2.0 (1.8)
BI7UP ....... . BZ7 050 i) 108
24} (1.7) (2.9) 13.3)
Experience ...... 0136 Bl 0059 0060
(27} {4.4) (B.9) (9.0
Esperience _ . .. -000070 (-.000018 |-000034 |-000032
zquared (21 {4.0) 7.7 | (7.1
MOTE: t-statistics in parentheses.

1 Estimated cosfficients (and t-score) forinteraction terms between
schooling and experience in 1968 and sucoessive years.

perience coefficients were significantly larger, and the second
order expenience coefficients were significantly lower in all
years afier 1968,

In the case of women, none of the schooling coefficients
were significantly different from the 1968 coefficients. How-
ever, taken as a group, the education coefficients in the later
years are significantly different from 1968.2% The first order
experience coefficients increase, and the second order terms

2B The statistical significance of the changes in the schooling and expet-
ence coelficients betwesn 1968 and 1983 for both men and women are also
confirmed by joint tests of the coefficients of the interaction terms shown in
thles B-10and E-11. The tests are sinsilar bo those described in footnote 27,
Aguin, earnings functions were estimated. One omstied the 1973, 1978, and
1983 interaction terms with schooling, and the other omitted the interaction
terms with experience. The "F ' statistcs shown in the labulation below mea-
sure the loss of explanstory power from omitting these interactiom terms:
{The asterisk indicates statistical sigrilicance ol the 95-percent level )

Table E-11. Eslimatled coefficienls lor schooling, experience,
and intertemporal interaction terms, women, selected years,
1968-83

Base year Interaction cosfiicients’

i Y968 | 1973 | 1978 | 1983
S1T04 _.. x -0.067 -0.004 0.014 -0.160
{1.2) {.0) -2} (1.8}

587011 - 020 mo 008 01
(4.5} (3} (.31 [4)
e R 227 -028 D20 m7
(13) 1.1) (B} (.7}
S1aME o vve A8 ~011 042 nag
(14) {.4) (1.4} (1.5)
BB 2 e bakied LAB7 -.054 000 043
(14) (1.2) .0} (1.0)
SITHR wvivnnva G6E =114 088 075
{2.9) {1.5) {1.3) 1.2)
Expariance .. ... 0108 0006 0016 0056
(15) 8 | (8| 58
Exparence - DO00TS | -000005 |-000008 |-000053
squared (11) 15) (8 | =8

MWOTE: t-statlislics In parantheses,
1 Estimated coefiicients (and t-score) for interaction terms betwesn
sehooling and experanca in 1968 and successive years.

decrease over the period, but the changes were statistically
different only between 1968 and 1983,

In sum, the results indicate that the earnings funclions
shifted significantly after 1968, but the changes are greater for
men than women. For both men and women, the labor price-
experence profiles have become steeper over time. There-
fore, the coeflicients are not stahle over time, and the price of
labor will be estimated annually.

Year-specific interaction terms for veteran and par-time workers are also
ingluded in the catimated equations, This specification places fewer restric-
tions on the schooling and egpenence coeffioents and results in o Strongsr
test of interemporal changes,

Men Women
Omitting el schooling
crefficients 4.0% 26*
Omiiting =il expenepce
epefficiemns 26,7% 10:2*



Table E-12. Estimated eamings functions for men, selected years, 1950-91

Variabile 1850 1860 1968 1978 1983 1991

B -0.324 0.133 0.3a5 0,684 1.042 1.276

(28} (7.5 (16} (34} (22) (57}

SITON concb o b pisiprrissizay - 166 -.156 =193 - 208 -239 - 111

(18} (8.3) (7.7 {6.7) (5.7) (2.3

> 74y s SO I T g L 104 B vl 02 154 24 72

(17} (10) (7.9} (11) (6.3} (2.0

B i g el o L 168 Arg 21 305 305 ki

(28} (18) (18} (24) (7 (18}

EASTEHE &G s s T 257 .24 351 376 A71 485

(28} (25) {23) (26) {20) (27

25 | R SR P Y 433 546 520 57 BBz 745

(37) (33) (29) (35) (28) (40)

g o T 408 550 82y HA5 735 899

(29} (29) (25} (3€) (34) (43}

ERBEE o i ahivas as b son bin e o 0133 0147 0136 0196 0196 0174

(57) (40) (28) (49 {43} {42)

23 4 o AR S R v -. 0006 -00007T4 - 000070 - 000104 - 000102 - 000084

{45) (29) (21) i28) (33} (20)

PTIME __ _ gEnss SR - . -316 =187 - 198 -274

(18} (15} (15) (21)

k" = | 03z 026 048 {054 D61 004

8.7 (34) (5.2 (6.5) i5.2) (.5)

NEWENG _ i 4 = -150 -.090 -104 -.029 - 052 061

(14) i5.4) (5.4) (1.7 27 (3.5)

I R L T -083 =044 -064 008 - 043 004

(1o {3.5) (4.4) {6} {2.8) (.3)

1T o e P -047 006 -.020 048 018 013

{5.9) (.5) (1.4) (3.9 (1.3) (1.1)

WHEENT “oivammssamianes it -201 -.159 =108 - 034 - 047 -100

(20) (8.7) (5.6) {&.1 {2.5) 5.1)

BER= s i R -241 - 256 =190 -0 - 125 -.0a7

(28) (18) (12) (6.7) (8.3} (7.8

ERTEN L aiin s es o d i eq b -289 =291 -.285 -.089 - 075 -110

(24) {18) (14) 5.1) (3.7) (6.3)

WEGENT yiaiiaaisrilissainsse -251 -247 -9 - 073 -oi2 -103

(24} (18) (1) (4.8 (-8} (7.2

MOUNTAIN ) 2 -125- 0BE -8z - 032 - 030 -084

(8.7} (2.9) (3.3} {1.6) {1.4) {4.7)

|55 b 5 SRR PRSP R SORE - = 088 049 037 010

(B.3) (5.2) (3.3) (1.0

BCITY 3 e - - A77 140 134 44

{17 (18} (13) nn

URBAR: & i T f it in b bt e e b A70 069 - - " =
{34) (8.3)

R i vk icpetts oz g ek e 163 20 235 a15 289 346

Degrees ol freedoit. ..o vvnenen 69,660 26,838 24,102 26,269 25,488 25,644

NOTE: t-statistics in parentheses.



Table E-13. Estimated earnings functions for women, selected years, 1950-51

Variable 1950 1560 1968 1978 1083 1999

25 T | -0.378 0.021 0.092 0.:678 1.001 1.210

21) .7} (2.7) (23) {38) (43)

o ] e e e e o o -02s -120 L 067 -053 -228 008

1.3) (3.0 (1.1} (1.1) (3.8) (1)

(=R 2 | A T e 081 {087 080 089 Anz a7

(7.9} (5.4) (4.1) (5.5) 4.3) (5.5)

o e S S T T A73 s 227 247 244 210

(18] (12} {12) (15) {12} {14)

AT S T S R e 252 285 318 380 367 A81

(20} (14} {13} 20} (18} {2a)

e WL B s e, gL B 275 420 AB7 487 529 738

(14) i13) 13) i22) (22) (30)

TR s s e L T s T e 297 A5 GER B5T 643 853

{11) (8.8) (9.1) (22 i22) (31}

EXPER ;o6 . satiia i TN i 0071 D0EG 0108 o123 0161 D167

(18) i12) {13} i23) (25} (28}

i 5 e i i, Ry WYL -.000047 - 00037 -,000079 -.0000a7 -. 000130 -000126

{18) (7.7 (10) (18) i21) (21}

PTIME ....... N T e e - - -.084 - 145 -.178 -.184

(5.4) {18) (1) (21)

11 7 e w S i e - . - y - 056

(1.3}

HEWENE +..... sywmsiniwsswi i 2 -.09g9 - 061 -019 -026 -018 18

(6:3) i2.5) (.7 (1.4} {8} 6.7}

BAEEATEL s e - 053 -022 -.035 008 -.023 007

{4.2) 1.1) (1.8) i.6) i1.5) (.5)

|5 1 R SR | -0B6 -.066 - (36 -007 -01a -.083

(6.8 {3.4) i1.8) (.5) (1.3) 7.1)

WINEENT. oinis inisis sresisis v -214 -215 - 152 -101 -n4ag - 115

(14) 8.86) (5.2} {5.6) (2.6} (7.0}

7 ) B ol e A L N -210 238 -1 -074 -078 - 098

(14} {11} 4.5) (5.0 4.8) (7.4)

ESCENT ..o.vu e e ok ) -324 -331 -218 - 113 -133 -.165

{17 (12) B.7) (5.6 {6.4) (9.00

WSEENT ouiiiie e -.339 =334 -184 -3 -074 -147

(20) (13} (6.3) I6.7) 14.3) (8.56)

MOUNTAIN ..o enaennss -123 - 180 -1358 -091 - 064 -085

(5.0 (5.1) (2.6) (4.1) 2.9) (4.5)

BT oot v i st 55 0310 - 162 04 26 113

{10) {9.9) {11) {1

BCITY . = . 87 17 139 67

(10} (12) {13) (19}

AN st et gt P 50 1z - - -
(19) (8.2}

HEL s serrinei A AN R a0 095 077 159 154 246

Degreezof freedom ... ... ....o... 26,915 12,611 12,580 17,650 20,235 22815

MNOTE: 1-slatistics in parentheses,
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Appendix F: Comparison of Labor

Composition Measures

Labor composition hias been the subject of empincal study
for 2 number of years.! Interestin this field has intensified as
speculation over the importance of lsbor composition
changes to the post-1973 productivity slowdown has in-
ereased. Labor composition studies have been written by
Schultz, Griliches, Chinloy, Denison, and Jorgenson, Gollop,
gnd Fraumeni.? The studies by the late Edward Denison and
by Dale Iorgenson, Frank Gollop, and Barbara Fravmeni
(JGF) are of particular interest because these authors hayve up-
dated and revised their measures over the years and these lwo
studies represent different approaches to measuring labor
composition.

Ths appendix compares the work of Denison and JGF with
the BLS measures presented in this stody. The Grst section
compares tecenl measures of labor composition, The next
section examines the sources of worker heterogeneity. The
third section discusses the measurement of hours of work and
the coresponding weights. The final section estimates the
quantitative elfect of these differences on the measures of la-
bor composition,

The comparison is limited 1o labor compesition growth
only. The measurement of the raw labor inpot and labor’s
share of the value of output has, in lage part, been discussed
in Bulletin 2178, Trends in Multifacror Productivity, ]948-81,
Also, the impact of Jabor composition on muliifactor produc-
tvaty is not discussed.?

Measures of labor composition growth
Table F-1 contains the indexes of labor composition for

BLS, and JGF. The BLS index of labor composition mea-
sures changes in the skills of workers ansing from changes in
the education, work experience, and sex composition of the
private busimess sector work force. Denison’s index of labor
composition for nonresidential business classifies workers by
education, age, sex, and labor force groups? The labor force
groups include pad-tme workers, farm workers, full-time
nonfarm wage and salary workers, and full-time nonfarm pro-
prietors and unpaid family workers,® Denisonnsed these four

! See R Solow (1957)and 1. Schimaskler (1953) for early contributions o
the eopeeprs and measurements of kabor composition,

% Bee T. W. Schultz (1961), Z. Griliches (1970); F. Chinloy (1981), E. De-
niscn (19853, and I3, Jorgenson, F. Gollap, and B. Frawmeni (1987),

* In the BLS measures, labor s share of the value of output aver the post-
war period is approximately 70 percent, The comespanding shares for Deni-
soncand JGF arc 80 percent and 60 percent respectively, The coniribution af
labor composition to multifactar productivity can be approximated as the
product of the growth rate of lobor composition and laber's cost share,
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groups o measure two additional soprces of change in the ef-
ficiency of an hour of work caused by changes in the length of
the workweek and shifts of full-time employment from farm-
ing to full-ime employment oatside of farming, JGF's mea-
sure reflects changes in labor compoesition across education,
age, sex, class of worker (proprietor or employee), and oe-
cupation for the total economy. JGF alse produce Jahor coms
position measures by industry which, of course, reqguires in-
dustry as an additional category.

It is readily apparent that the labor composition measures
uf Denison and JGF grow more rapidly than the BLS mea-
sures through 1979, The grawth rates are summanzed intable
F-2. Denison’s measure grew 0.61 percent annnally during
the vears 19458-79, and JGF's measure rose at an annual rate of
(.60 percent, while the BLS measure grew (.23 percent anno-
ally. Table F-1 shows the cumulative effect through 1979 of
these differing growth rates: The BLS measure of labor com-
position rose by 7.29 percent, while Demison’s and JIGF's
measures increased by 20.83 and 20,55 percent, respectively.

It has been suggested that the large inllux of women and
young warkers into the work force in the 1970 has reduced
the average expenence level of workers and slowed the
growth of productivity. For all three measures of labor com-
position, the growth rate is lower during the 1973-79 period.
However, except for JGE, the decline in the labor camposition
growth rale 1s small, 0.2 percent or less. The measures of JGF
indicate that labar composition growth comes 1o & haltin the
1973-79 period. This contrasts sharply with the 0.6- to
1).7-percent annuzl increases in the sarlier period: As a result,
only JGF find a significant role for Jabor composition in ex-
plaining the productivity slowdown. For BLS and Denison,
labor composition has a small effect

Furthermare, both the BLS and Denison measures indicate
that the decline was temporary, Both BLS and Denison show

# The measures cited in this appeniix come from Denison’s T985 volume,
Trends in American Economic Growth, 1929- 1982 The deseription of Deni-
sou's methods glsn are hased on this valume, it the mos tharough deserip-
tiom 1% Fovind m bas 1974 volume., Accounting for United States Econame
Growth, J910-196Y. Deseriptions of methods from the eardier volime i
somelimes weed. Whille every effort his been muade Lo desenbe Denisan’s
crrent. methods, some revisions between the 1974 and 19835 volumes fHAy
Teave been overlooked.

= In Denison's definition, farm workers include everyone working in the
farm sector: Wage and salary workers, proprietors, and unpeid family works
= 38

B Fur Demson and BLS respectively, labor composition acconnts far 0,1
anid 0.2 percent of the productivity slowdows during the period 1973-79, In
contrasr, JGF explain 0.4 percent of the productivity slowdown by the labor
composiion measores for the period 1973-79.



Table F-1. Indexes of labor composition, 1948-50
(1948 = 100)

‘Year BLS Denison JGF
1948 pocaaias 100.00 100,00 100,00
1049 _sps gt 10021 101,49 10012
LL: TR 100.88 101,72 101.43
1155 SRR 10125 102.66 102,63
AR v = wrwa 10153 104.21 104.54
1983 i ninnay 10228 105.28 105.62
1984 .ol - 10303 106,15 105.97
1885 ., 10323 106,73 106.21
ABG6 . 0 oaceinins 103,40 106.87 106.81
1987 ool 103.85 108.07 1oBa2
L 104.25 10237 108.60
186D cooo iy 104.38 110.04 109.56
1060 - vni s vins 104.91 110,43 11266
1967 ... ’ 106.50 111,62 11171
AE. Lvmnwiry 106.50 111.76 11372
TP s viviasiig 106,73 1123y 11490
1984 . 106878 1285 1523
1965 ., ' 106.68 11257 115.65
1806 s 106.66 11314 1720
1867 ., : 108,83 1454 118.18
VBB . vavenas 108,58 115.08 118.63
1889 . .ene| 10693 115.06 11868
1870 osaezpesy] 10748 116,11 120.07
TBET by venanans 107,16 116.94 120.18
| SR 107.20 17.01 11847
1818 - vonecvand] 10887 117.32 119.85
19T e 107.68 118.18 120.55
FHTD v e irinse 107,73 120.02 121.74
TR vk i i 107.50 120.14 12210
BT s 107.50 12011 12174
1978 v .k 107.64 120.21 12246
132 as 00 50n, 10729 12063 120.56
1980 v waiviaae 107.63 121.50 =
1981 . 108.45 12281 E
19682 ¥ 109.56 124.60 =
10BA iy 110.03 - 3
1884 | i 1045 . -
1885y e 110.43 - -
it <1 DA 10.98 * r
22 PR e / 111,28 = &
1988 . .. min NMZI6 = 3
1880, 11284 -
1980 113.26 . -

Sources: See chapler ||, teble 19, private business, this bulletn.
See Edward F Denison, Trendgs &1 Aimedcan Economic Growih,
r225- 1945 Bropkings Institution (Washington, DC, 1985), The indax
15 the praduct of columns 4, 5, &, and 7 inlable 3-1. See alzo D. Jorgen-
son, F, Gollap, and B. Fraumeni, (JGF), Srocuctiilty gnd L8 Eoo-
namic Growtf, Harvard University Press (Cambridge, MA, 1987)_ The
index ls the fifth column of table B.1.

Table F-2. Average annual growth rales of labor compasition,
selected periods, 1948-82
(Percant per year)

Study 1948-79 [ 1948-73 | 1873-79 | 1972-82 | 1973-82
= - g N 0.23 027 0,05 0.70 0.27
Demlssn .o .. £1 Bl A9 1.03 B7
Mol ae e, B0 b | B - -

Spurce: Table F-1.

a4

that labar composition growth after 1972 was sufficiently
rapid to overcome the slow growth rates of the 1973-7% per-
od. As aresull, the 1973-B2 growth rate equals or exceeds the
pre-1973 tare.7

The widely practiced principle of last hired/first fired and
the steady demand for highly educated workers caoses
marked fluctuations in the employment of young, female, and
less educated workers. As a result, the labor composition
measures tend to move counter o the business cyele. Lahar
composition growth is generally most rapid during the early
stages of a recession and slowest during the early phases of
recovery. The labor composition measures exhibit differing
sengitivity to the business cycle. Table F-3 shows the comrela-
tion coefficient between labor composition growth and the
growth rate of BLS measures of private business sectar hours
of work and output,

Denison’s measure showed a very strong countercyclical
pattern With respect to both hours and output. The BLS mea-
sure indicates a weaker countercyclical pattern, The corela-
tion coefficient with hours of work is -0.40, but the carrelation
with output is an insignificant -0,22.% The JGF measure does
not demongtrate any significant conntercyelics] pattern,?

Table F-3. Correlation coefficient between the growth rate of
various labor composition measures and private business
hours and output, 1948-72

Cometalion cosfficient with:
Study Growth rate Growih rate
of holrs of putput
B o ! .40t 0.22
DEmSor ... civv v -a7! - 647
MEF s =17 05

! Significant &t the 85-percent confidence laval,

Differences in research design
This section focuses on the theoretical aspects of the mea-

sures, specifically, how the authors differ in identifying
sources of productivity differences between individuals. The
next section describes the methodological choices made in
each study to implement the program of labar compasition
measurement. Each of these studies is guite complex, so 1t 13
only possible to identify the more fundamental differences,
All the measures of labor compasition begim with the as-
sumption that workers are paid the value of their marginal

7 1n this hulletin, growth taes are usnally given for periods spanning busi-
ness cycle peaks (for example, 1973-79), Ty this case, 8 wough vear, 1982, iz
tesed becirse il 35 the last year in Denison's study, A comparison of peak-io-
peak (JGF} with pesk-ro-trough (Denison) growilh rates can be misleading
becauze the difference in growih mtes of the two measeres also inclodes the
cffeces of variafions in tha bisiness cycie. However, the BLE growth rute of
Izhorcomposition is nearly ideptical for 1973-82 and [973-0). This suggests
that beth the Denison and BLS measres of Iabar composition do not show o
permanent slowdown alter 1973,

# For the perinds 1949-87 and 194990, the BLS measure hasa significam
comelation with output of-0.32 and -0.31, respectively.

? JOF s measures of labor composition mclude govermment and nonprofii
institutions, These sectors exhibit very linde cyclical variation in the come
position of employment, therefore, JGF's measures would be sxpecied 1
shon less comelation with e business cycle



product, and therefore worker productivity differences can be
distinguished on the basis of hourly compensation. All three
studies identify a setof workertraits and then collect the hours
and earmngs weights required 10 measure labor composition,
BLSuses the worker trafts of education, work experience, and
sex. Denison differentiated hours on the basis of education,
age, sex, and labor force groups. Changes in the workweek of
libor force groups areused to estimate the effect of changesin
the length of the workweck on the efficiency of an hour's
work. The change in total hours arising From shifts in full-
ume employment between labor force groups is measured
and included in Denison’s measures of Tabor composition, 10
JGF vse five traits: Edacation, age, sex, employment class,
und ocupation, 1!

Unlike the other sudies, Denison measured labor composi-
tion as the product of four separate indexes: Education, age-
sex, intergroup shifts, and the efficiency offset or intragroup
changes, This mplies that the eamings weights can be
denved independently. BLS and JGF measure the eamings
weights jointly fora combination of traits, and no assumption
of independence is required. If Denison was correct, the con-
tribution of education to labor input and productivity, for ex-
ample, could be measured directly. JGF create partial indexes
which may indicate the contribution of a single characteristic
to labor input. However, these partial indexes are derived un-
der the assumption that laber is homogeneous with respect to
all but one charactenstic even though JGF assume labor is
heterogenepus across all five traits, BLS estimates of partial
indexes con be found in appendix H. These indexes are
derived by decomposing the wage madel of appendix E so
that the returns to only one trait 4t a time are considered in
each partial index. This treatment of the wage model permits
the partial indexes 1o generally maintain the assumption of
homogeneity as required. Even with these assumptions, the
denvation of these partial indexes does not strictly satisfy an
exact decomposition of labor composition into the conmbu-
tion of each trait, 1%

COccupation and indusiry. Denison explicitly chose not to dif-
ferentiate workers by their occupation. “Education affects
earnings both by improving an individual's ability 1o perform
in & particular type of work and by enlarging the range of oc-
cupations in which he is able 1o perform at all effectively.
Both are properly counted as results of education thar we do
not wish toremove. There is no reason o standardize the earmn-
ings data by industry or occupation....”™? He further stated,
"An fmprovement over time in the allocation of workers

W Dienison calls the chenges in the elfficiency of an bour ofwork the Tndex
af lntragroup Chinges, wd the employiven shifl between Eroops s labeled
the Tudex of Intergroup Shifts,

1 IGF also use u sixth irait, indusiry, when measuring Iabor compesition 41
ihe fndustoy level,

" See appendix H fior a discussian of the Tinitationz on the interpretation
of panial indexes. Far a more comyplete discussion, see Resenblom, Dean,
Tablimska, and Kunze (15905,

I3 Denicon (1974), dcconating for Unired States Eranomic Growik,
192919860, p, 227,
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(classified by age and sex or by other characteristics) amnng
Jjobs could raise the average prodoctivity of all workers and
hence output. 1f such a change oceurred I would not wish to
classify the gain as a contribution of labor input but instead as
4 contribution of output per unil input (specifically, of im-
proved resource allocation). !4

BLS does not include industry or occupation in ils mea-
sures. Asstated inappendix A, the focus of this study has been
narrowed (0 gain an understanding of the sources of labor
composition change. Inclusion of occupation and industry
wonld make interpretation of the sources of labor composi-
tion change more ambiguous becaose shifts in occupational
or industrial wage differentials may also reflect shifts in the
education or experience of the work force. Such relative pay
shifts lead 1o corresponding labor composition changes. IGF
include enly occupation in their labor compesition measure.
The authors consider Tabor composition growth ansing from
industrial wage differentials to be more properly termed a
gain in resouree allocation,)3

Class of worker and labor force groups. BLS does not distin-
guish hours by class of worker, Earnings weights are based on
the price of labor for emplayees only, and proprietors and un-
paid family workers are assigned & price of labor equal (o an
employee of the same characteristics, Earuings of proprictors
include a retum o both labor and capital, and debatahle as-
sumplions are Tequired to disentangle the two sources of in-
come. JGF assume the return to capital is identics! in all sec-
tors. Labar earnings of proprietors are then the residual in-
come after subfracting peyments to capital. Unlike BLS
which assigns equal eamings weights to all employment
classes, shifts in hours between employees and propriciors
cause changes in JGF's measures of labor composition. Deni-
son assumed the equality of the annua labor inputs of three
full-time groups, farm workers, nonfarm proprietors and un-
paid family workers, and nonfarm employees,'® However,
the shift toward nonfarm employment tends to cause a decline
inmeasurad honrs of input becanse nonfarm employees work
fewer hiours per year. Since by Denison’s assnmption, labor
mnput is unchanged by these shifts, the final index of labor in-
put should also be unaffected. Demison achieved this result by
an index of intergroup shifis, In this way, he offset the decline
in toral hours from shifts to nonfarm employment by an in-
credse in the intérgroup index and ultimately the index of la-
bor composition.

Education. In principle, JGF and BLS treat education in the
same manter. However, Demson adjusted his education
weights forahility and socioeconomic status, The adjustment
issmall exceptforpersons with S yearsormoreof college. Nei-

¥ Thid, p. 33, (Thalics in ariginal.)

5 Amicing possible mterpretations, industris! wage differentials have iesn
frequently imerpreted as either a mizallocation of resources ora refl=ction af
unmezsured labor guality differences. JGF implicithy ascribe at lesst part of
the differenial 1o a misallocation of resourees (p, 314),

15 Denison (1974), Acconnting fir United States Ecovoriic Growh
[929-1969, pp. 30, 42



ther BLS nor JGF make similaradjostments. Furthermorg, De-
nison used male educational earnings weights for all persons,
while BLS and JGF use separate weights for men and women,

Wark experience and age. BLS classifies hours by the level of
work experience rather than age, as is done in the other stud-
ies. Ultimately, all studies are attempting to measure the level
of on-the-job training. BLS prefers work experience becanse
itis more closely related than age to the concept of training. In
appendix C, this was confirmed by comparing the coefficients
ofthe estimated wage models based on age versus years of ac-
toal experience. In wage models using ageas an explanatory
variable, the effect of edueation on earnings is overstated, and
the effect of age or potential experience 15 understated. For
thi4 reason, BLS developed an eguation to measure work ex-
perience hased on age, edocation, and other traits, As a result
both the hours of work and the earnings weights ate measured
in terms of work experience instead of age.

Part-time workers and intragroup changes, BLS and 1GF use
equal earnings weights for all workers regardless of their
wark schedule, Denison did not. Instead, he made two as-
sumptions. First, be assamed that the lower hourly wage for
part-time workers reflects lower productivity. He assumed
that the hourly earnings of part-time workers are only 80-90
percent of full-time workers and adjusted the eamings
weights of part-time workers in his age-sex composition in-
dex accordingly,

Second, Denison assumed that persons working many
hiours per week suffer a decline in their productivity. As a re-
sult, a decline in the workweek for such persons would lead 1o
a legs than proportionate decling in their labor input. That i,
the efficiency of an hour of work rises as the length of the
workweek falls. For full-time nonfarm employees, a reduc-
tion of 1 hour in the average work week results in an offeet of
30 pereent, In effect, only 0.7 hours of labor input are lost. He
further assumed a 100-percent offset for farm workers and for
nonfarm proprietors and unpad family workers. This implies
that labor input for these workers is independent of the length
of the workweek. For part-time workers, no offset is assumed
which implies that the efficiency of an hour is unaffected by
the length of their workweek. Based on these assumptions
and changes in the workweek, Denison developed anindex of
“intragroup changes” that incorporates all these efficiency
offsais,

Race and rex, Finally, all three studies classify hours by sex,
and none of them classifies hours or earnings by race. No ad-
Jjustment to the earnings weight of men or women is made by
BLS or JGF, but Denison used pnly the earnings of men to
measure the impact on labor input of changes in educationul
anzinment of men and women,
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Differences in methods

Hours. The copstruction of the hours matrices beging with an
enumeration of the possible types of lshor, As can be seenin
table F-4, each study uses a Targe number of worker types.
BLS identified 1,008, Denison uged 576, and JGF classified
hours into 1,600 categories.!”

Table F-4. Classification system of hours worked by BLS,
Denison, and Jorgenson, Gollap, and Fraumeni

Mumber of categonias for each trail

T E
i LS Denison|  JGF

Initizl Fingl
Total a5 |1008 | s76 |1.s00
EaUcalieng <02 ooy q4.) T T a 5
D ey % P 72 Z G '
Work experience ........ - 72 - -
o1 RN e e SR, 2 2 2 z
Class of worker! .., ..., . - k: =
Labor fores group® ..., - = 4 -
Occupation . ..veeeiioas. - - = 10
Martal status ... ....... 2 - = -
Chlldren , - cvidvsmsinsns | 4 - " -

! Includes proprietors and emplayess.

2 Includes part-time workers, all farm workers, full-fime nonfem
wage and salary workers, and full-lime nonfarm proprietors and une
paid family workers. Denson used these groups when computing in-
dexes of intragroup changes and intergroup shifts,

4 Men ere not classifled by marital statuz or number of childien
There are 504 categories for men and 4,032 for wormen,

The decennial census and the Current Population Survey
(CPS) are the principal sources of data for all three studies.
The census and the CPS are the only sources of hours and
eamings dala cross-classified by worker characteristics for
the entire postwar period, All three studies prefer the estab-
lishment-based survey for their measures of hours, but be-
cause this survey lacks the required detail of employment and
earmings by trail, the Tahor composition measures vse the
househeld surveys. Since all three studies reconcile their
hours measures (o the establishment survey but estimate the
distribution of hours using the household survey, all studies
matntain the assumption that the distribution of hours by trait
15 the same in both the household and establishment surveys.

BLS measures labor composition for the private business
sector. The hours of workers in government, nonprofit instito-
tions, and private households are excloded. Denison mea-
sured labor input for the nonresidential business sector which
also excludes the hours of govemment, nonprofit institations,
and private households, Jorgenson, Gollop, and Fraumeni
messure labor composition for the total economy though in-
dustry measures are also available.

17 JGF also measure Jshor composition for 51 industries, These more de-
tuiled measwres of labar composition psea ol of B1 600 categories of labor



The BLS private bosiness sector hours matrices for work-
ers age 14 or older are taken from computer-coded individual
responses to the 1950 and 1960 decennial censuses and the
March CPS of 1968-91. From these data, the product of em-
ployment, average weekly hours, and weeks worked per year
are initially cross-classified by education and age for menand
by education, age, marital statug, and the number of children
born for women, For the remaining years, mattices of hours
areinitiglized based on the distnbutions of hours in the décen-
mal census and the CPS and are geperated from less detailed
marginal distributions using the RAS multiproportional inter-
polation method as described in appendix D. BLS nses anex-
perience equation, described in appendix C, to condense this
classification sysiem into the | 008 worker categories cross-
classified by education, work esperience, and sex. The
constriction of the hours marsces 15 described in detail in ap-
pendix D,

IGF develop measures of hours for each industry, and this
requires hours matrices based on jobs rather than persons.
JGF create a matrx of jobs controlled to the BEA establish-
ment estimates, Average weekly hours per job are also recon-
ciled to establishment-based measures of hours in the national
acconnis. The total hours matrix 15 the product of these two
matrices and covers workers age 14 or older in the total econ-
omy.

JGFdid not have access wo the individual CPS or census re-
sponses, and as a resolt they coold not avail themselves of
cross-classified data. Instead, both the employment and aver-
age weekly hours matrices must be estimated from published
census aind CPS marpinal distributions using the RAS mull-
proportional interpolation method, '8 The estimated matrices
for ihe decennial census years are created first, and these ma-
irices are then used io inibalize matrices in the remaining
years. While the decennial census samples are sufficiently
large 1o create reliable matrices, the marginal disiributions in
other years nse CPS samples of approximately 50,000 house-
holds to measure the hours of 51,600 calegonies of workers at
the industry level.'? Ar the level of the total economy, only
1,600 kands of workers dre required, snd the CPS should be
Jarge enongh to reliably estimate the hours in each cell.

Denison measured labor compaosition based on a labor in-
put series of persons rather than jobs, Like JGF. Denison did
not use computer-coded survey responses and worked from
published and nnpublished tabulations. Denison caleulated
four separate indexes, edocation, age-sex, intergroup
changes, and the efficiency offser, to measure labor composi-
tion rather than cross-classily workers by all trais simulta-
neously. Denison's main data sources did not always provide
enough detail, and some estimation was required, based on

VI3 seate that the marging] distributions of eniployment are two-, three-,
or four-way classifications by traits. For example, employment Ty age, sex,
and ethication is nsunlly avoilable, but the sample is only foe persons age 16
or iodder.

1% The estimation of mure cells than observutions s squivalent fi the as-
sompticn that many of the parsmeters (or ineraction lerms) tmplicn within
the BAS method are rero.
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ancillary data sources. Furtheromore, these data had to be con-
verted to full-time equivalents to make use of the available
eamings data.

Earnings weights, All studies weight the growih in hours
hased on the relative earnings of each group of workers. Only
the earmings of workers included in the measures of hours are
used, The BLS earnings weights for the prvale business sec-
tor exclude government and private household workers, but
employees of nonprofit institutions are not explicitly identi-
fied i the data, Only emplovees in nonprofit welfare orga-
nization are excluded; their occupation identifies them. As
with the BLS measures, Denison’s earmings weights also ex-
clude workers in government, private households, and, when
possible, nonprofit institulions, JGF include all workers in
their earmings weights for the (ol economy,

The BLS hourly camings weights are bazed on wage mod-
¢lz estimated annually using survey data from 1950, 1960,
and 1968-21. Weights for other years are denved from linear
interpolation of the estimated parameters. The wage models
are based on samples of individual respanses to the househaold
surveys and the census, Only data for paid employees i the
private business sector are nsed. The eamings measure is the
ratio of annual wage and salary income before taxes to annual
hours of work. This hourly wage measure excludes supple-
ments and pzymenls in kind. As indicated in appendix C,
wage models which nse ape or years since leaving school re-
sult n biased estimates of parameters. The wage models in
this study use work experience, and the coefficients indicate
that the return to schoolimg is lower and the return 1o work £3-
perience higher than is usually found in other smudies.

The need for consistency with the hours matrices reguires
JGF 10 measure hourly earnings per job. The matrix of anmual
compensation per job is the product of annual compensation
per person and the number of jobs per person. Annual com-
pensation per job is divided by the previously estimated ma-
ik of annuel hours per job. The resultant malnx measures
hourly compensation per job. None of the required 81,600
(1,600 for the aggregste labor composition measure) cell
means are directly available 1o JGF. The RAS multipropor-
tional interpolation method generates the mairices for annnal
caompensation per person and for the number of jobs per per-
SOML.

The IGF compensation measures differ from BLS and De-
nison in Twa important ways. First, JGF measure compensa-
tion in terms of jobs rather than persans. Secand, IGF use
compensation including supplements. The household sur-
vevs do not include supplements 1o cash earnings. JGF direct-
1y adjust the annual compensation matrix to reflect the statu-
tory emplovercontributions 1o Social Security and the unem-
ployment insurance funds. The marginal distributions are
controlled to the anneal compensation measures from the Na-
tional Income and Product Account by industry which m-
cludes all supplements, JGF note that employer contributions
o Social Secority and the unemployment insurance funds
comprise 70 percent of ull supplements. These supplemerits



are approximately the same fixed percentage of wages for all
employees, but a different percentage for the self-employed.
The redative distribution of hourly eamings before and after
adjustment for supplements is not likely to differ greatly, 2"

Denison derived four sets of eamings weights, one for each
index. The validity of using separate indexes rests on the as-
sumption that the price of an individual rait or skill 1s mde-
pendent of the price or quantties of other traits. Neither BLS
nor JGF make this assumption. At a mdnimum, denvation of
separate indexes requires detailed cross-classification of
eamings consistent with the asswmplions of the Ishor com-
position study. Thatis, the earnings weights for one trait must
at least contral for the other trails presupposed to affect work-
er productivity, In Denison’s case, the traits used to measure
intragroup and infergroup shalts con be ignored, and worker
productvity depends on age, education, and sex.2! In devel-
oping his education weights, Denison used a six-way classifi-
cation of earnings by educalion, age, region, sex, race, and
employment class. The development of Denison’s eamnings
weights by educstion met the criterion of controlling for at
Iieast the age and sex of the worker. However, the ape-sex
composilion index was developed using earmings which ig-
nore differences in the edocatonal altainment of workers.
Since older workers have Jess education than younger work-
ers, the eamnings of older workers not only reflect their experi-
gnce but also their lowear Jevel of schooling,

There are a nomberof other factors which influenced Deni-
san’s earnings weights. First, published tabulations of eam-
sugs include proprietors, Since Denison could nor exclude
proprietors, the earnings weights implicitly assume that all of
4 proprietor’s income coald be attributed to labor. Since pro-
prietors” incomes increase faster with both sge and education
than wage and salary income, Denison gave greater weight to
olderworkers and more educated workers than he would have
done if he had excluded propnetors’ eamings from his
weights, 22

Denison began with annual camings exclusive of supple-
mients. These are converted to full-time and full-year equiva-
lent cash earnings 1o contral for worker differences in the
length of the work year. This procedure is accurate provided
that full-time wotkers (those working at least 35 hours per
week) have the same average weekly hours, Denison deter-
mined that the average workweek of full-dme, yearround
wotkers did not vary much by age, and he did use sepurale

! Empirical tests of this 1ssie can be found in appendiz . The findings of
nither researchers appear in appendix E, All these sidies suppart the conglo-
sitn thal compensation share weights would be emnpiricaly equivalent to
wage sfiare weights m the Tomgvist Index number formts.

=1 In Dienison’s frameveork, labor force groups can be ignored because the
imergroup and intragroup indexes measere changes in labor input due 1o 4
reallocation of resitrees, and these indexes thus use employ el no! ezm-
ings weights,

=X Far full -tine vear-ramnd workers, the March 1970 CPS indicates that

il sk female employees with ot less 2 college degres earm 44,7 and 60,6
percant more than fheir respective counterparts with $-11 vears of schooling.
Toe comuspuniting figures for self-employved men and women are 1553 and
104, 1 percent. Peak carnings for male and female employees ars 61,8 and
20.4 percent shove the earmings of their respective connterpans see 20-24.
For the self-emplayed, the figures wre 158,35 and 200.0 percent.
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measuores of average weekly hours for men and women, How-
ever, he cannot adjust his earnings weights to reflect the short-
er average workweek of less educated full-time and full-year
workers. 3 As g result, full-time equivalent earnings yield
greater eamings differentials by educstion level than do hour-
ly earnings, and the weights on the hours of more educated
workers are relatively higher than they would be if hourly
carnings were used. 24
Finally, Denizon reduced his education camings weighis to
contral for the effects of ability and socioeconomic status.
The adjustment was generally small. With the only important
exception being workers with 5 or more years of college, De-
nison estimated that the ability and socioeconomic status ac-
count for less than 11 pereentof the marginal increase inearm-
ings from edncation.?® Denison estimates that for persons
with 3 or more years ofcollege who earn 30 percent more than
college graduates, ability accounts for more than a third of the
marginal increase in earmings. After controlling for ability
and socioeconomic status, Denison only modestly increased
the earnings weight of less educated workers and modestly
decreased the weight given more educated workers 26
Onee hours and earnings weights have been developed,
BLS and JGF use Tomgvist aggregation (with moving eam-

¥ For men, the average weekly hours of fill-time, yearronnd workers in-
crease with schonling especially al the highest sehiooling group. For women,
average weekly hours.do not vary with schooling excepd at the highest
schaoling level The March 1977 and 1986 CPS average weekly hours of pei-
song working at least Sl weeks pes year and 35 hours per week in the nonfarm
privale business serdor are:

1977 1986
Schiooling Men Woinen Mean Wioinen
DA yeary 43.0 408 423 41,8
5.8 years 436 407 433 41,2
811 yeurs 441 4L 43,2 41.2
12 vears 447 40 6 438 402
1315 vears M9 406 a4 5 41.7
16 wears 454 LU 457 415
17 or mare dE.4 418 &7 4.0

M IGF fallow a similar procedure hecamse their hourly compensation ma-
trix is generated withoul o marginal distribution which indicates how sverage
weekly howrt vary by educationsl anainment. Furthermore, there is no mar-
gnal distribution for the RAS methsd 1o indicate how the aumiber of jobs pes
perscn vaties with education.

5 The other fwo groups are persons with 5-7 and 8 vears of education. For
these twe groups, ahility secounts for shoot 20-25 percent of the margina
itcrease 10 eamings, However, the total increass id earnings Tor these two
groups iz go small that the absolute contribution of ability 10 eamingsis just

1-2 percent.

0 Denison's 1959 weights before and after adjiesiment are:

Years of sehooling Befors After
Kone T1.6 =
14 B6.5 49
57 955 o7
B 110 1040
-1 1nx3 111
12 1273 124
13-15 153 % 147
16 2013 189
17 o mome 2647 218

Source; Teble 113, Accounppg for U5, Ecomomic Growh, 1529-1969.



gy weights) 1o measure labor composition. Tomgvist ag-
gregalion uses compensation share weights which change
annually, Denison used three sets of weights for the more than
30 vears of his stody. Denisen did not disagree in principle
with moving earnings weights, He believes, however, that the
data from the CPS are based on too small a sample to mea-
ningfully measure changes in earnings weightls. Instead, the
education index weights for 1948-69 are derived from the de.
cennial census of 1960, and the 1970 decennial census is the
source of education weights in the remaining years, Similarly,
the age-sex composition weights for the perjod 1948-62 are
bazed on the 1967 CFS eamings distributions. The 1970-75
weights are based on an average of the 1970-75 CPS distribi-
tions, and the remaining weights are based on an average of
the 1975-79 CPS age-sex earmnings distibotions. 27

Quantitative effects of differing methads
This section provides a rough estimate of how thearetical

and methedelogical differences affect the measures of Iabor
composition. The differences are complex, and il is rare]y
possible to isolate and quantify a single difference in meath-
ods. Use caution with regard to the figures cited in this sec-
tiom; most of them are estimuies,

Both Denison and JGF include additional traits beyond
age, education, and sex. JGF find employment class and oc-
cupational changes bath contnbule positively w labor com-
position growth. Siumilarly, Denison found that infergroup
changes and the efficiency ofiset due 1o changes in the work-
week contribute to labor composition growih, Once these
traits which are not included in the BLS study were removed,
the differences in the Tabor composition growth raics were
greatly reduced. (Appendixes A and E explain why BLS ex-
¢ludes these traits from ils measures.)

For Denison, exact estimates of the effects of using the
additional traits were possihle, but not for JGE, We define the
contribution of these traits in the JGF study as the difference
between the actual labor composition annual growth rate and
the growth rate which would have occarred if the appropriate
single trait had been omitted ™ That s, it is possible 1o deter-
mine what the growth rate of lubor composition would have
been bad JGF not included a specific trait.2? According to
table F-5, these additional traits for Denizon and JGF acconmt
for about a third of total lsbor composition growth. However,
even dfter eliminating these additional sources of growih, the
BLS measure grows (,1-0.2 percent less annually,

The remaming differences between BLS and JGF can be

37 Bee Denison. (1988). Tremdy fn Amerfean Econtimc Eimnh,
19297987, pp, 64-B5.

28 A= another method for measuring the contribution of 4 Single tmit, JGF
define e main effiect of s traifas iz firstorder partial index. This s messtred
by ageregating the matices of hours and compensation over all but the trait
of mterest and reculeulating the Tomigvist index. For the 1948-79 period, the
enmudl growih rates for the first onder partial indexes of occupation and em-
Ployment class are 0,30 percent and 08 percent, respectively. The interpe-
tsom eifect of the two traits grows 000 percent ammually. Subiracting these
partial indexes from the labor compozition growith mie vields an esmmate of
e conteibotion of age, sex, and education of 0,21 pereent This estimate is
tarely hilf 1he size of the estimate uf 0,39 preceni in kle F-5
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attributed to differences in the sectors of the economy studied,
the measurement of hours, and the age-sex-education eam-
ings weights. JGF include nonprofit instimutions, privaie
househald workers, and Federal, State and local government
workers. Exclusion of these sectors, as in the BLS study,
wonld raise the JGF growth rite of labor composition becanse
JGF find that Jabor composition in these sectors grows less
rapidly than average. If JGF had adapted the BLS procedure
of using only employees in the measurement of labor com-
position, a slower growth rate would resull. (An estimate of
the quantitative effect of this assnmption for Denison appeurs
below.) In addition, JGF's measure of labar composition
growih woold have been lower had they been able to incorpo-
rate differences in the work year by educational attainment
into their hourly compensation matnx. (Again, ses below.)
Finally, it has been indicated repeatedly that the BLS wage
models give greater weight to work experience and less to
education than other wage models. Since the average level] of
experience has fallen and the average level of educational at-
taimment has risen over the postwar period, 1t is not surprising
that the BLS Tabor composition measure grows less than those
of the other studies.

Table F-5. Sources of BLS, Denlson, and Jorgenson, Gollop,
and Fraumeni Iabor composition growth, 1948-79 and 1548-82

Annual percentage growth rata
Hem 194662 | 1948-82 [ 194870 [ 194878
Denison | BLS JGF ELS

Labor composiion .,...., | 068 | .27 060 | 023
Less coptpbution to

ighor composition of:
DeEUpation ... .vua - - 0 .
Employmentclass .. ..... - - B
Labor forse groups

Intergroup =hifts . . . ... el nog = 5

Efficiency offset .. ..., | - T
Interaction effects ......., - g -
Equals:
Contribution of age,

education, and sex to

labor composition ., ... A5 2 a5 ok

T BLE measures the labor somposilion indax for expenence, edutas
tion, and zex,

Sources: Ses table 17, chapter |, this bulletin, See Denison, table
31, Trends in Amienican Econamic Growih, 1929-15852 See alsa Jor-
genecn, Gollep, and Fraumeni, table B.4, Produshiviy and 45 Eoo-
name Growih.

Further comparison of Denison’s age-education-sex index
with the BLS measures of labor composition is possible, Be-
cause the BLS wage model is a semilog form, it is simple 1o
substitinte other sets of education and age-sex eamings

* Note that if JGF had set out (o ignome these traite at the beginning of their
study, the resnliant malnces of hours and earmings would not have been the
marmices ncfually nzed tn geperate (he partial indexes. THis i $trictly Lhe re-
it ol the RAS imearpolation mther thian any inlentional choice of the ap-
thors. Therefore, iLis not possible to detepmine exacily the effecy of omitting
an individual wrait, bul the margignl contibution should be 5 good approxi-
mation,



weights which more closely correspond to Demison’s eamn-
ings weights. Begimning with Denison's own age-sex-educa-
tion index, it is possible 10 roughly estimate the effects of
some of the differences between Denison's and ELS' meth-
nds. Table F-6 starts with Denison’s own estimates.

Table F-6. Reconciliation of BLS and Denlson labor
compaosition growth rates, 1948-82

Annusl growth rete
{im parcant)

1) Denison's age-sex-education
labor composition ind=xes! 0.45
Fixed waight lsbor compozition measures
2) Denison's male education weights,
BLS hours and experienoe-sex weights 38
Differenca due to hours,
exparience-sax weighls, ana
index numbear lormuls (1) < (2)) o7

3) BLS male educalion weights,
ELS hours and experience-zax weights 28

Diffierénce due lo education welghls 09
(2 -3
4) BLE male/female education weights,
ELS hours and experience-sax weighis 26
Difference due lo separals
malefemale education weight= [{3] - (4)) 03
5] Tomqyist index of labor compasiion® 27

Differance due 1o shift from
tixed 1o Tomguist Weights ((4) - (8)) -m

! Denison's measure. See lable F-5
2 BLS messure, See tsble F-5.

The next entry (line 2) is an attempt to replicate Denison’s
measure using his education weights with the BLS matnx of
hours and experence-sex weights. Theresullis a hybrid mea-
sure of labor composition which grew 0.38 percent annual-
1y 0 The difference of .07 percent, shown in table F-6, be-
tween Denison’s measure and this hybrid measure can be at-
trituited to differences between the two studies 1n the mea-
snres of hours, the use of the predicied experience model, the
experience-sex weights, and the choice of index number for-
minlas 3 Next, by substituting BLS male education weights
(line 3} for Denison’s (male ) education weights for the same 2
years used by Denison, the effect of switching between Deni-

3 The hyhrid measure uses Denison’s education weights in place of the
BLE education paramelers of the wage model. Denison's 1959 weights are
meed through 1969, and the 1969 weights are osed for the rempinder of the
sample

We alse follow Denison’s ose of hixed age-sex weights for consistency.
The expenence-sex weights forthe perind 1948-69 are ited ol the 1957 BLS
parameters. Dealson wes an average 0f several years of CFS daia for his
carmings weights in the remainder of the period. The present comparison uses
the 1973 BLS expenence-tex parameters for the period 1970-75 and the
1579 BLE parnmeters for the remainder of the peried.
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son's weights and the BLS education weights can be esti-
mated. This difference of 0.09 percent in the annual average
growth rate is again shown in table F-6.°2 BLS uses both male
and female education weights unlike Denison who uses only
male weights, The effect of switching from male ta male and
female education weighis (line 4) reduces labor composition
growth only 0.03 percent. Finally, BLS uses annually chang-
ing wage rates to calculate compensation shares, while Deni-
son used two sets of education weights and three sets of age-
sex weights. A switch from fixed to moving weights (line 5)
completes the analysis of these differences and yields the BLS
measure of labor composition. Note that the three sets of age-
sex and two education weights are sufficient to approximate
moving annual weights.

As discussed above, use of the BLS education weights (line
3) for man yields a slower rate of labor compasiion growth
than the weights used by Denison (line 2), Three factors con-
tribute to this effect: The exclusion by BLS of self-employved
waorkers, the BLS nse of hourly wage rates rather than full-
time equivalent earnings in computing the education weights,
and the BLS substitution of predicted work experience forage
in the wage model. All three factors contribute to smaller
earnings differentials between highly educated and less edu-
cated workers in the BLS education weights.

It is possible wroughly approximale how the first two fac-
tors affect labor composition.>? Self-employed workers can
be included in the sample, and new male education weights
dedved from a re-estimated wage model. Similarly, the cur-
rent BLS male education weights can be modified to ignore
differenees in the averape workweek of full-time, year-round
workers by educational attainment. In essence, a single stan-
dard workweek substitutes for the actual workweek of all full-
ime, year-round workérs. This substitnlion yields male

31 The substitunton of estimated experience for 2ge has two subtle effects
on labor composinon, First, the use of estimaed experience leads o a differ-
ent ¢lassification scheme of hours worked. Even assuming away all otver dif-
ferences betwees the BLS and Denison studies, the growth rate snd com-
pensation shares foreach type of Jabor input will differ. This occurs becaese
this disiribution of hours by estimated experience 15 not the same as the dis-
wittion by ape. Next, hoth the edecation and experience weights are af-
fected hy the choles of 2 mode] for experience in the wage model. Conss-
uently, the effect of the estimuiled cxpenence model on the jabor compos-
on measures ks pantly included in e difference between Denison's age-
sxp-education index (table F-&, line 1) and the hybrid fixed weight index
which combines Demson s education weights snd the BLS hours and experi-
ence-gex weights (line ). However, in table F-6, the difference (able F-6,
Tine 2 - ling 2} of .09 percent due 1o education weights also inclides the ¢f-
fect on the BLS edvcation weights of using estimafed experience inthe wege
mndel

* Since Denison’s education weights are hus=d solely on the eamings of
men, only male BLS edocation weights are used in the hybrid measures.,

3 To eetimate the effect of the estimated work expenence mode] on the
Iabor composition measores would require that the wage models be re-esti-
mated using age as the mensure of experience. Furthermore, the hiours matrix
wonld have 1o be reclassified o reflect the age distnbution rather than esti-
magled experience. These changes would requine & computational Burden al-
mios! as grest as the present sfudy,



education weights based on full-time equivalent (FTE) week-
Iy eamings rather than the BLS procedure of using hourly
earnings.** Finally, these two effects can be combined by mo-
difying the education weights of all workers including the
self-employed by substituting FTE weekly earnings for hour-
Iy earnings. 3%

Tahle F-7 shows how these medifications to the BLS male
education weights affect labor composition growih, The ef-
fect of switching from hourly wage rates to FTE weekly earn-
mge (line 3 - line 2) increases |abor composition growth 0.06
percent annually. The inclusion of sslf-employed workers
(line 4 - ling 2) also raises labor composition grow(h 0,08 per-
cent annually, The combined effect for the two factors (line 5 -
line 2) of 0.15 percent annually approximates the sum of the
individual effects. Forthermore, the combined effect more
than gecoants for the difference between the BLS (line 2) and
Denizon (line 1) labor composition growth rates using fixed
male gducation weights,

The differences shown in table F-7 are likely to overstale
the effect of the two factors. The BLS education weights us-
ing hourly wages permit the workweek of full-time, year-
round workers to increase with education as observed. The

* iz possible to re-estimate wage models wing weekly mthar than honr-
Iy wiage rates, This is beyvoad the scope of tis stndy. Instead, 20 index ol av-
erage weekly hoars {or male, year-raund, full-time smployees (st least 50
wenks per year and 33 hiowrs par weekl) i fhe noafarm privale business sector
by cducational aftafmment is wsed to adjust the sducaton perameters,

Schooling group March 1970 average  Index
weekly hours of hourz
(-4 years &l 59 9302
54 years 45489 100,00
9-11 years 4592 100,55
12 yearg 4641 102.02
13-15 years 40.05 102,55
18 years 4T 62 10,68
17 Gr more years 51.04 114,18

Theweekly honrs of persons with 5-8 years of schooling replace the actaal
weekly hours of all persons. This substitution aliers hourly eamings. A work-
er's compensation remaing the same, bul hes or her howers have changed.
Hujirly eamnings change in an equal bid opposite percentags (o the change in
weekly hours, The index of hours, therefore, measures the change in esmings
resulting from the substitution of sctual weekly havrs for e workwesk of
persons with 5-8 years of schooling. The product of the ndéx of hours and
the unadjusted edocetion weights yields education weights adjusted 1o re-
flect & single workwesk for 2l persons, The adjusied 1970 male ediscation
weaghls am shown helow

Schoalng group Unadjusted Adjnsted
weight wefpht
04 yYears 2145 T9.34
58 years LeTRY L) 100040
Tl veurs 114,65 115,74
11 years 127.53 130,15
13-15 years 141.82 145244
16 years 173.%6 182,10
17 or more years 190,61 L1764

The 1960 education parameters are adjusted by the same 1970 index since
e guality of 1960 average weekly lowrs data 15 moch poores. Finally, the
lagarithm of the adjusted weights in the semilog wage model is the apprope-
ate EdjustEnL

¥ The education weights from the wage madel which includes the self-
employed are multiplied by the same index of hours found in foomole 34,
T i strictly comect only if vasiations in the workweek of full-time workers
are independent of the likelihood of bemg self-employed,
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BLS male education weights based on FTE weekly eamings
use a single workweek for all workers (not just full-time,
year-round workers) regardless of educational attainment.
However, the adjustment to derive the education weights for
FTE earnings is based on full-time, year-round workers only.

Tnless the relationship betwesn education and the average
warkweek is the same for all workers including pani-time and
part-year workers, an adjustment to the edocation weights
based on the average workweek of only full-time, year-ound
waorkers is inexact. Including part-time or part-year workers
would likely namow the difference between the hourly and
FTE weekly edncation weights. As a resoll, the BLS

Table F-7. Further reconciliation of BLS and Denison fixed
male weight labor composition growth rates, 1948-a21

Annugl growth rete

(tn parcent)
1) Denisan's male education weights?,
BLS hours and exporiance-sex weighls 0.38
2) BLS male educstion weights2,
based on houdy sarnings of employess 29
Differsnce between Denison and BLS2
education waights {{1) - (2}) 009

Individusl effects of diffzrent methods
an labor composition

3) BLS male education weights based on
FTE weskly eamings of employvesas .35

Estimated differance from BLS weights
dus to switch from haurly 1o FTE samings
((3) - {2)) 08
4) BLS male eduration welghls based on hourdy
eamings of employees and sell-employed 37

Estimated differance from BLS welghiz
due o inclusion of sell-employed
workers ((4) - (2)) .08
Combined affact of different methods
on labor composition
5) BLE male education weights based on FTE
waekly sarmings of smployees and
self-employed A
Eslimaled diffzrance from BLS
weights dus 1o switch to FTE weekly

eamings and Inclusion of self-employed
workers ((5) - (2)) &

! Allindex growith rates tse BLS hours and experlence paramelars.
2 Saurce: Table F-5.

education weights hased on FTE weekly earnings probably
uses too large an adjustment (compared to Denison). In addi-
tion, the re-estimated wage model for all workers includes
only self-employed persons with positive self-employment
income. Denison used group averages rather than wage mod-
els to derive his weights and includes all self-employed work-
ers regardless of income. Adding persons with self-emplay-
ment losses to the sample would increase the measure of lubor
composidon in line 4 if the likelihood of losses decreased with
education, However, the actual effect of excluding propri-
etors with losses on the education weights in line 4 is un-

known. Nevertheless, it appears based on table F-7 that the



treatment of self-employed workers and FTE weekly carn-
ings acconnts for most if notall of the difference between the
fixed male education weighted lubor composituon measores
of Denison and BLS,

The labor composition measures of JGF share some simi-
larities with Denison’s messures. First, JGF use separate
eariings for employees and propoetors. Using the estimate in
table F-3 ag a goide, JGF's measure of labor composition
growth would be 0.08 percent lower if a single eamings
weight were used for all workers. However, this measures the
impact of switching from two weights to the averasge weight.
BLS omils proprietors and unpard family workers from the
wage model. Instead, these workers are assigned the wage
rate of employees with identical traits, The best companson
if the JGF and BLS composition measures would include not
only the measured impact in wable F-5, but also the effect of
swilching from an average eamings weight for all persons to
an eamings weight of employees only, Companng Denison’s
and BLS' measures, this effect is an sdditional (01.08 percent
found in line 4 of wable F.7,36

Differences in the definition of self-employment income
miake necessary 8 warning. JGF define self-employment in-
come to be the difference between the proprietor’s eamings
less the réturn to capital used by the proprietor. On an hourly
hasis, this residoal is generally a small fraction of the eamings
of comparable employees. Denison used income from both
capital and labor as self-employment income and thus as-
signed proprietors a much larger hourly wage than used by
JGF. 5o, conceptual differences in the earmings of proprietors
leads 1o some uncemainty conceming the magnitude of the ef-
fect of swiiching from the samings weights of all workers 1o
the earmings weights of employess only on the IGF measures.

JGF's measures also resemble Denison’s in their inability
to account for variations in the workweek by educational ai-
tainiment. The matrix of hourly compensation is the product
of several matrices all of which are estimated by JGF using
the RAS method. The marginal distributions nsed o create
these matrices imply how the distributions vary by traits.
When no marginal distribution of cross-classified trails is

26 However, sclf-employed camings nise faster with age than for em-
ployess. Omitting proprictors from the eamings weights wiould narrow the
exmings dilferentials by ape. Since the average age of the work force de-
clines.over the period of these studies. the effect of omining proprietors from
fhe camings weights wolld dampen the difference in the growih mies of la-
bar conmetition. Conseguently, e effect of switching from an sverage
earrungs weight for all workers i emplnyees would be less than the ,08- per-
cEnit estimane,

12

available, the RAS method treats the distributions of traits as
if they are independent of one another, JGF have marginal dis-
iributions of education in their employment and anooal com-
pensation per person matrices, but not in their hours per week
and jobs per person matrices. As a result, JGF's estimates of
hourly compensation are constructed on the assumption that
hours per week are the same for all levels of educational ar-
tainment. Using the estimate in tahle F-7 for Denison, includ-
ing varalions in the workweck by education would Jower
JGF's labor composition growth by as muoch as .06 percent
annually. In addition, JGF convert compensation per peson
to compensation per job. This requires dividing the matrix of
compensation per person by a comesponding matrix of the
number of jobis per person which JGF define as the number of
weeks paid divided by 52. The jobs per person matrix is alse
generated using the RAS method without a marginal distribu-
tion for education. Since the number of weeks paid per year
increases with educational attainment, accounting for varia-
tions i the number of jobs per person by education would fur-
ther lower JGF's measures,

Though the figures abave are only rough estimates, it ap-
pears that at least half of the difference berween BLS and both
Denison and IGF (the contribution of age, sex, and education
only, bottom line of table F-5) can be accounted for by differ-
ences in the method of calcalating earnings weights.

Summary :

The BLS measure of labor composition grows 0.23 percent
annually from 1948-79. Labor composition measures of De-
nison and of Jorgenson, Gollop, and Fraumeni (JGF) increase
more than twice as fast over the same period. BLS measures
the effect of chanpes in the work expenence, education, and
sex composition of the work force. Denison measured the ef-
fect of changes in age, education, sex, and labor force groups,
and JGF cross-classified hours and earnings by age, educa-
tion, sex, class of worker, and occupation.

Once these measures are reduced 1o similar concepts of
education, age or work experience, and sex, Denison's and
JGF's measures grow (L.1-0.2 percent faster than the BLS
measures. Al least half of this remaining difference can be ac-
counted for by Denison’s and JGF's inclusion of proprielors
in the development of their earnings weights, Denison’s use
of full-time eguivalent eamings in measoring the educaiion
eamings weights, and JGF's inability to account for vana-
tions in the number of hours per week and weeks paid per year
by educational attainment.
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Appendix G. Sensitivity Analysis of the Labor

Composition Measures

The labor composiiion measures rely on both the hours and
the associated hourly price for each identified type of worker.
This appendix investigates the sensitivity of the labor com-
position measures to labor prices and the distribution of
hours. This analysis can help identify which assumptions are
critical to the measures and also indicate the robusiness of the
measures. Since the same labor prices are used in both sectors,
the sensitivity of the two sectors to the myriad of assumptions
is nearly identical. The analysis only addresses the private
nonfarm business secror,

In the first section, the sensitivity of the labor compesition
measnres to the price of labor is explored. Alternative school-
ing and work experience parameiers are substituted, and labor
composition is recalculated. In addition, three altemative Ja-
bor prices are assigned fo women, and the impact on labor
composition is determined. In the next section, labor com-
position 15 measured nzing an altered distmbution of hours.
The sensitivity of the labor composition measures to the mod-
el of work experience is then examined by companing reduced
form and structural wage models. The final section is devoted
10 the effect of sampling error in the parameters of both the
wige snd experience medels and the hours mairix.

The price of labor

The dizscussion in appendix A indicated that the wage mod-
el, and therefore the price of labor, are subject to alierative
mterpretations. These allematives can be represented as a
modification of the schooling and work experence parame-
ters, Although the magnitude of alternative paramelers is un-
certain, this section quantifies the effect of a vanety of alter-
nalive parameters on the labor composition measures.

Table (3-1 contains estimates of the annual average labor
composition growth rates for the period 1948-829 simulated
under a number of assumptions, The parameters of the wage
mode! are modified to reflect alternative views of how educa-
tion and work expenence affect the marginal product of labor.
Simulations are done using labor prices generated from hypo-
thetical parameters of the wage model. These hypothetical
parameters are obtained by scaling the actual parameters
(multiplication by a constant}, The incremental return (o addi-
tional schooling or experience is altered proportionately for
all persons. For example, if each of the 12 schooling parame-
ters (6 for men and & for women) are halved, the increase in
wages due to additional schonling is also halved at each Ievel
of schonling. The four work experience parameters (2 for
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men and 2 for women) can be weated analogouwsly or ali 19
education and experience parameters can be altered simulta-
neously.

Table G-1. The effect of hypothelical education and work experi-
ence paramelers on the annual average rale of growth of labar
composition, 1848-88

Scale of parameters Simulgled, | ETectal scaled
paramsaters on
iabar labar
Education Experiance FompREiCT composition
Sensitivity to education
parametans
1.00 1.00 10.2F =
.80 1.00 23 -0.04
by i< 1.00 AT =10
) 1,00 07 -20
125 1.00 3T A0
Sensitivity to experignce
parameters
1.00 1.00 0,27 -
1.00 f=l1] 28 0.1
1.00 .f5 28 a2
1.00 5D A1 04
1.00 1.25 28 =02
Sensilivity to education and
EXpEMENCE parameters
1.00 1.00 1927 -
.50 90 24 -0.03
75 75 18 - 0B
e 1.25 A5 -
125 1.25 35 i ]
125 IS5 Ag A2

1 Actual labor camposition messurs.

The first zection of table G-1 demonstrates a modest sensi-
tivity of labor composition growth to the educalion parame-
iers. A scale of 1,00 represents the actual parameters used
throughout this stody. A scale valoe lower than 1 narrows
carnings differences by educational attainment, and scale val-
ues greater than 1 magnify thiz differential, The table indi-
cates thal labor composition growth increases with scale,
Since earnings increase with educational attainment, increas-
ing educational attamment of the work force adds to labor
compositon growth. Increasing the return to education or
scale of the parameters would then lead to faster labor com-
posttion growth. The signaling and screening models or the



correlation betwean education and ability, discussed in ap-
pendizes A and B. suggests thit the marginal product of
schooling 15 less than the measured earnings differentials, and
schooling parameters would be smaller. However, even if the
parameters were reduced 10 or 25 percent, annual labor com-
position growth would be reduced at most 0.1 percentage
point. To place this scale in perspective, a 50-percent reduc-
tion in the paremeters is well beyond statistical chance and
would imply that screening (sometimes known as a sheepskin
aeffect) was equally as important & determinant of eamings as
education. The effect on the measures of multifactor produc-
tivity would be even smaller?

The second section of table G-1 demonstrales a weak sensi-
tivity of labor composition growth to work experience.
Again, 4 scale valoe lower than 1 narrows earnings differ-
ences by experience, and scale values greater than 1 magnify
this differential, Earnings generally increase with experience,
and so declining Jevels of work experience subtract from Ja-
bor composition growth. Increasing the return (o experience
or sgale of the parameters would then lead o even slower la-
hor composition growth. As a result, lsbor composition
growthis negatively related o the scale of the expenence pa-
rameters. The weak sensitivity of the measure results princi-
pelly from the small decreases in the average level of expen-
ence. Consequently, smaller experience parameters consis-
temt with the implicit contracts literamre would produce a
smal] increase in the annual labor composition growth and a
neghgible effect on maltifactor productivity.

The final section of table G-1 shows the effects of varying
both education and expenence parameters. In general. the af-
fects ure greater than those of varying the expernence parame-
ters alone, but less than those of varying just the education pa-
rameters. Even at the extremes of scale such as 0.75 or 1.25,
the annual average labor composition growth would differ by
only -0.0¥ percent. Only when the education paramelers are
reduced and the experience paramelers increased (or the con-
verse) can labor composition prowth differ substantially from
the actus] measures, 2

The eamings of men and women show marked differences.
This is confirmed in appendiz E by F-tests that demunstrate
the parameters of men and women are statistically different.
Asaresultof these tests, the parameters are permitted (o differ
between men and women in the eamings equations. These
tests by themselves cannot mdicate the csuse of the eamings
differences. If the eamings differences between men and

| Singce labor compensation is approximately two-thinds of ttal income,
the effect of reducing the education parameters is only two-thinds as great as
the effect on labor composition. Multifactor prodisctivity srowth would be
affected by 0L03-0.13 perceol anoually,

1 The discassion in appendix E suggests that wage models which do not
sz measures of soum work s xperience lead fo overstated education parame-
ters and pnderstaled expericnce parsmeters. Consequently, such wage mod-
els would lead to substantially higher estimates of labor compnsition then
fonind in this study. For more oo this issue, see appendix Ffor o comparison of
several stndies of labor composition,

women are predominantly due to differences in skalls, the pa-
rameters differences reflect differences in marginal products.
If wage discimination is present, wages may nol equal the
vilue of a worker's marginal revenue produoct. In such cases,
the wages of women are likely to be Jess than the value of their
marginal products, Since men are assumed (o be paid the val-
ve of their marginal product. the wape parameters of men can
be used to determine the value of a woman's marginal product
in the presence of discrimination,

To explore the sensitivity of the labor composition mea-
sures to the possibility of sex discrimination, the wages of
women can be adjusted to remove possible sources of wage
discrimmation, Three alternatives are used which reflect in-
creasing levels of wage discrimination. In the first altemative,
women receive different payments from men for their skills
acquired through education and work experience, but receive
equal payment for all other unmeasured skills and traits.? In
the second alternative, women receive different payments for
thear skills acguired though work experience, but otherwise
receive equal payment for all skills and traits.* In the third al-
temative, men and women receive equal payment for all skalls
and traits.” The average annual labor composition growih for
the period 1948-82 for each aliernative is presented in table
G-2,

Table G-2 indicates that the vse of altematives 1 and 2
yields negligible changes in labor composition growth. Only
when all wage differentials are autributed to sex discrimina-
tion can the differcoce, 0.11 percent annually, be viewed as
nonnegligible. In the intermediate cases of alternatives 1 and
2, Isbor composition grows 0.02-0.03 percent faster annually
compared to the base case,

Tn these alternatives, the parameters for women are set to
the corresponding parameters for men. If men are the princi-
pal beneficiary of sex discrimination, men's wages overstale
male productvity, It would then have been more appropriate
1o estimate parameters based on a pooled sample of men and
women. This would lower the parameters and wages for men
and raise them for women. The resultant alternative measure
of lsbor composition would not differ as greatly from the base
case as the figures shown in alternative 3,

7 The wage model has ihree componente: A payment for education as
measured by the schooling parameters. a payment for on-the-job tmining as
nieastired by tlie work edperience parameters, and a payment for all other im-
measured glills as measured Ty the adjusted intercepd of the wage mode]. In
the stundard wnodel, all twse payments may differ by sex. Under sltermative
1, anly the first two payments may differ, and the femals intercept is set 1o the
maleintercept. Mote that the male intercepl 15 nol larges than the female miee-
ceptin all vears,

4 Under alternative 2, the inlereepi and the education porameiers for
women are g21 1o the cormesponding parameters for men. The experience pa-
ramelers are pnchanged. This aliemative effectively assumes that all mebe/
female wage differences result from discrimination except that women ac-
gquire less on-the-job trainmg than men.

I Using altemative 3, all parameters for womea are set 1o the correspond-
ing values [or men, This is the equivalent of nssoming all wage differentiale
are the result of discrimination.



Table G-Z. The sensitivity of the average annual labor composi-
tien growth rate to maleffemale differences in the price of labor,
194689

Labor Differanca
Item composition from
grawth base case
Beee case;
All malefemale labor price
differences parmitted n.er s
Alternative 1
Eduration and experience
malg/female labor prica
diflerences permitted .20 0.02
Allernative 2:
Exparience male/famale labor
price diflerences
permitted a0 03
Allermative 3;
Mo maleffemale labor price
differences permitted .38 B

Distribution of hours of work

The actual distribution of hours worked by education and
work experience may differ from the measured distribution
for several reasons. The Current Population Survey and de-
cennial censnses are both subject to sampling and nonsam-
pling errors. In addition, the work experience equation may
allocate hours of work to an inappropriate level of work expe-
rence due o stochastic ervor; selection hias, or incomplete
specification of the experience squation. Regardless of the
catise, the measurement of labor composition would be af-
fected,

Thus section measures the sensitvity of labor composition
i0 the distribution of hours. The hours matrix is divided inlo 7
educational and 72 experience groups foreach sex, and so it is
nol possible to explers all possible alternatives. Instead, only
two are examined. Generalizaton to other cases should be
made with extreme cantion.”

Table G-3 shows the sensitivity of labor composition to
changes in the educational distribution. The estimates in the
table are made by measuring the additional increase in labor
composition that would have oceurred if the base-yeur matrix
of hours were left unchanged and if the distribution of hours
were aliered in the following year Specifically, the hours of
eachiype of highschool graduate are reduced a fxed percent-
age, and these hours are added Lo the comesponding hours of
college praduates.

The data presented ate in twe forms: The first column nidi-
cates that a 0.01-year increase in the average level of educa-
tional attainment results in an increase in the labor composi-
uon annual growth rates ranging from 0.03 to (.09 percent.

B Because the wages are nonlinear with respeet. to batti schinaling and ex-
perience, lhe sensifivity of the labor composition measures depends on
whach pef of hours is altered, In general, the sensitiviey will differ for each
posible aliemative. High schiool and college pradudtes are used because
they meke up lirge percentages of toral hours, There i no level of eXperence
which accountsfora Tange fraction of the matrix, but 10and 5 years of experi-
€hes are emong the larzesi.
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The second eolumn indicates that a shift of 1 million hours of
work from high school graduates (o the corresponding college
graduates increases the annual labor composition growlth mate
from 0.11 1o 0.30 percent.

A shift of T million boors or 0] years of educational attain-
ment is quite large. Standard emrors are not available for the
mean years of education. However, the standard error for the
percentage of employed labor force who are college gradu-
ates 15 0.1 according to the 1971 CFS. Assuming this estimate
applies as well to the percentage of hours, 4 95-percent confi-
dence inlerval implies that college praduates worked between
7.5 and 7.9 percent of total hours (7.7 + 0.2). A T-mullion-
hour shift would increase the percentage of hours worked by
oollege graduates to 8.6 percent, and & .01 increase in educa-
tional attainment would increase it (o 8.0 percent, As can be
seen, both these shifis are outside the confidence interval and
are highly unlikely to oceur.

Table G-3. The sensitivity of the annual average growlh rate of la-
bor composition in private nonfarm business to changes in the
distribution of high school and college graduates, selected
years, 1949-89

Change In annual labor compasiion growth rate
Year 0.01-year increase in 1-mitllian-hetr
educational attainment =hift
(percant) {percent)
1849, 0.03 0.14
TR s e osw gl 0a AT
AR i h i 08 25
T .ot it ar e |4
L 06 23
[ L [0 e 05 A9
198 e s am g i A2
1980, .o el 04 i
TOBS o sqpsa v 4 o7 A6
b 03 A9

The sensitivity of labor composition is influenced by two
trends: The first irend is the proportion of total hours that are
shifted. Other things equal, a larger fraction of hours shifted
between groups increases the sensinvity of the fabor com-
position measures. In the first column, the propartion of hours
shifted remains approximately constant, and so this trend
does not alter the senstivity of labor composition over the pe-
miad. In the second column, the relative size of the shift in
hours declines because a fixed number of hours are shifted i
a growing work force. This leads to decreasing sensitivity of
labor compaosition. The second trend is the penerally increas-
ing eamings differential between high school and college
graduates. This trend increases the sensitivity of the labor
composiion measure to shifts in hours, especially i the
1950°s and 19807s.7 Tn the first column, the gecond trend

TAn inereasing earmings differential over fime implies that substniing a
Low il workerwith a higher paid one will result in increasingly lasger addi-
tions to oiput in Tatier years, Given the samie nuraber of hies worked belors
ind ufter the substitution, the inciease in ootput appears 35 an increasingly
larpe labor composition affect.



deminates and so, on balance, labor composition is increas-
ingly sensitive over the period to shifts in hours. In the second
colimm, the importance of the trends is reversed. and labor
composition is decreasingly sensitive to shifts in hours.

Table G-4 shows comparable labor composition sensitivi-
ties to the distibution of work experience, The estimates in
the table are made by measuring the additional change in la-
bor composition that would have occuwrred if the base-year
matrin of hours were left unchanged and if the distribution of
hours in the following vear were altered, Specifically, the
howrs of each type of worker with 10} years of experience are
reduced o fixed percentape, and these hours are added Lo the
corresponding hours of workers with 5 years of experience,
There is not sufficient information o estimate the likelihood
that these shifis are within the bounds of sampling error. How-
ever, it seems reasonable to believe that a 1-million-hour shift
has approximately the same likelihood of falling within the
confidence imervals whether shilting the distribotion of
education or work experience, A 0.01-percent change in the
average level of work experience requires 0,2 percent of toral
hiouis 1o be shifted.

Once again, the data o table G-4 are presented in two
forms. The first colomn illustrates the sensitivity of the annual
labor composition growth rates (o a 0.01-year decrease in the
average Jevel of expenience. The sensitivity of the labor com-
position measures to changes in work experience is less than
the sensitivily lo changes in education. This largely reflects
the smaller earnings differential between workers with 5 and
10} years of experience than between high schoul and college
graduates. The sensitivity to a (L.01-year decrease in workex-
perience gradually increases during the peniod and ranges
from -(1L02 to -0.04 percent. The second column shifts 1 mil-
lion haurs from esch type of worker with 10 vears of experi-
ence to the corresponding worker with 5 years of experience.
This results in a mildly decreasing sensitivity which ranges
from -0.09 to -0,15 percent.

Table G-4. The sensitivity of the average annuzl growth rate of la-
bor composition in private nonfarm business to changes In the
distribution of workers with 5 and 10 yoars of work experience,
selected years, 1949-89

Change in annual labor compasition growth rate

0.01-year decrease in T-millien-hour
Year Average Bxperencs shitt

{parcent) (percant)

1948 -0.02 0.4
1950, <03 =15
1 L: i - L -03 ot L]
1960 . ... -03 =14
1965, . -03 =13
1880 e -03 -14
1975 - 03 =15
1980 i =03 -1
1885 .. -04 - 13
Fi2, |- P -0 -89
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Az with the education distribution, the same twi trends in-
fluence the sensitivity to experience. As with education, the
earninge differential between the two experience Jevels in-
creases consistently over the period. Both columns indicare
an mereasing sensitivity of labor composition 1o shifts in the
distribution of work experience. The zecond column is nearly
constant because the growing earmngs differential nearly off-
sets the diminishing impact of a shift of a fised oumber of
hours in a growing work force,

The substantial annual changes in the growth rate of labor
composition are the result of a large redistribution of hoors.
Even if such a misclassification had occurred, its impact on
the labor composition growth rate for the entire period would
be slight. Thatis, a 0.3-percent error in labor compnsition for
asingle year would add less than (.01 percent to the average
annual growth rate of the 1948-89 period, The point is that a
biased distribution in an hours matnx for a single yedr is not
large enough to alter the interpretation of the role of labor
composttion in productivity change. There would have e be a
systematic. persistent, and growing biag in the measurcment
of the distribution of howrs to alter the findings of this repon.
At most, this sensitivity analysis showld caution the reader not
lo inler too much from changes in labor composition over
very shori time periods.

Labor composition growth using a reduced farm
model

The experience and wage models reflect a structural rela-
Honship between the determinants of work experience and
their impact on earnings. An important example is the role of
education which affects carnings both directly and indircctly,
Education affects earnings directly as a source of skills devel-
oped in school. Education also chunges the hikelihood that a
person will bt in the Ishor market and scquoire skills through
work experience. Separate equations for work expetience and
carnings are needed to distinguish between these two effects,
bt they are not needed to measure labor composition. If the
zole purpose of estimation is to develop a measure of honrly
earnings for each type of warker, a reduced form model must
wark just as well if not better. Recall that eamings are a func-
tion of education and work expetience. and work experience
is a function of education, age, and other truils, A model
which directly estimates earnings as n function of education,
age, and other traits must provide at least ug good a measure of
hourly garnings (that is, a more efficient estimate) since thera
are fewer restrictions on the paramelers.

In addition, the experience model is estimated using data
for 1973 only. If the parameters or the struciure of the expert-
ence model change over time, expenence ineasoies based on
a mode] at a single poinl m time are likely to be increasingly
biased in years distant from 1973, A redveed form model im-
plicitly allows the parameters of the experience equation to
change.

The empirical importance of these 1s5ues can be tested by
estimating reduced form models and using the resultant esti-
mates of hourly earnings to measure labor composition, A



large difference in labor composition growth rates may indi-
cite that the experience equation has not been stable over the
last 4() years and that a single experience equation is insuffi-
cient.

Because of the enormity of the task of re-estimating all the
wage models, a reduced form wage model 15 estimated for
only 1949, 1959, 1987, 1972, 1977, 19082, and 1987, Hours
matrices classified by experience are not useful in this con-
texL A preliminary step W estimating labor composition pro-
duced hours msirices classified by education, age, marjtal sta-
g, number of children, and zex. These matrices are available
for all years, 1948-89,

Using these data and the reduced form coefficients, labor
composition change hetween 1949 and 1987 is estimated 8
To isolate the effect of using 4 structural model raher than a
reduced form model, Tabor compesition using the stmctural
coefficients is recalculated osing only the parameiers for the
samie 7 years.

The reduced form mode! containg all the varahles included
in either the experience or the wage equation. Furthennore,
the wage equation contains the square of work experience,
and so the cross-product of all the terms in the experience
equation is also included in the redoced form modzl, {One ob-
tains the cross-product by multiplying each tenm in the expe-
rience equation by every other tetm m the experiznce equa-
tion), The resulting wage equation for women has about 140
variubles.? Table G-5 indicates that with the possible excep-
tion of the 1959-67 period labor composition grewat the same
rate using either the redoced form or structural wage model
parameter estimates.?

B Cocfficients for any given year are based on fhe Tas previoes estimated
paramieters, for example, 1950-58 use the 1949 parameters.

# Estimafed paramerers are not shown. On average the unodjusted B2 in-
ereases DUIT for women and 0.004 for men. These differences are Sipnifi-
eanl at the 95-percent confidence level for both men and women in all yesrs,

% A high degree of multicallinearity leads to 4 few implausible partmeter
exfimales and imposzible wage rales for some women. Certain groups of
womed (elmnst entirely never martied women with foir o more children)
rocetved cither an infinile or zero wage. This oeurs becouse there were po
such wamen jn the sample used 1 estimate the wige muabons. 1F there had
been, minimizing least squares would have forced a more reasonable esti-
eatte, There were & few such wornen in the hiours miatris Because the hours
matri% includes unpisd feeily workers and proprietors. Assigning an infinite
wiige: L Lese women effectively makes the compensition shares ol other
workers zerg and reduees the labor compasition messares fo jost 3 fow cells
becanse the compensation shares of these women dominste the measure, 1f
these wages were included, labar eomipasition growth would be distorted for
the 1949-59 and the 1967-72 periads. In the olher periods, impossible wage
rares pose no problem becsuse {he cells are empty,

The impossible wage rates suggest that inclading the complete sat of vari-
ehles in the reduced form model is nat & practical sltremative, However. the
point of this exercise 1% 10 determine if allowing the experience equation pa-
ramicters to implicitly change over lime affeets the labor composition e
sures. Rather than stop at this point, very high wage rafes are constrained 10
aboiit 3150 per hour and very 1ow wage rates 10 aboul 50008 per houe This
seems i keeping with the spint of the reduced form wage equstions which
imificated rghtly or not that these peaple were peid @ very Figh or Jow wage-
Very few women (rever miore than (0.4 peroent) and no men wers affected by
this constraint,
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Table G-5. Labor composition change in private business using
reduced form and structural wege model paramoter estimates,
1948-87

{Percen! change)

5 Raduced | Stuctural
Perod Py modsl Difference
1949-59 _ e 4,41 4,74 -0.33
195087 . i s 3.98 2,40 1.58
YIETATR oo iidin b imia a2 5| =12
B2 vaaisiasi=caz =74 -54 =20
19FT-B  cspasignses by 215 2.09 i
TOER-BT . naaiiines ke 152 1.45 DB
194887 ., ,.... A 11.96 10.84 142
Average annual
growth rate
1887 & viwcwvtcwnmind A0 27 L3

Table G-5 mdicates that in 5 out of the 6 penods the twa
methods yield virmally identical labor composition mea-
sures. While the reduced form model yields slightly faster
growth for the 1959-67 pertod, the clear pattern of the resulis
indicates that the structoral pardmeter eslimates vield labor
composition measures very similar o those of the teduced
form. Assuming the reduced form is generilly capturing
shifts in the experience parameters, then the structural model
also is capluring shifting expericoce parameters through
annual estimation of the wage equaticn.

This test does not disprove the possibility that the mate at
which women acquire experience has changed over time.
Since using a fixed 1973 experience equation or a reduced
form wage model yields the same labor compaosition growth
rates, two conclusions are possible. First, annoal wage eqoa-
tons with imperfectly measured experience may be capruting
shifts in the quantity of experience through shifts in the pa-
ramelers that measure the return 1o experience. If so, the find-
ing of increasing retumns to experience over the period should
be qualified. In this case, possible underestimates of experi-
ence are offset by overestimates of the retumn (o experience. If
experience is mereasingly underestimated the forther one
goes from the 1973 model, the return to experience will be in-
creasingly overestimated ag well, Under this scenario, it is
miuch less clear that the returm to experience has been increas-
ing. However, the wage rate for cach tvpe of worker is satis-
factorily measured because as table G-5 indicates the two
biases offset each other.

A second possibleexplanation for the equivalence of the re-
duced form and structural models is that chanpes in the level
of work experence are largely determined by factors in-
cluded in the wage model, Thatis, changes in the fertility rate,
marital status, educational attainment, and age were the pri-
mary causes of changing levels of work experence for
women rather than secolar increases in labor force panticipa-
hon.

Sampling error
To this poin, the diseussion of the sensitivity analysis has
focused on altemnative parameters and distributions of hours



of work. In this section, all these considerations are put aside.
That is, the method of measuring labor composition is not di-
rectly considered. Instead, the only source of uncerainty in
the measurement of labor composition congidered in this sec-
tion arises from the unavoidable sampling error in the hours
matrices and the stochastic error of the parameter estimates.

Using the known stochasiic distribution of the parameters
and the sampling distibution of the hours of work, the param-
eters and the hours in each cell are randomly vared, and labor
composition is recalculated ™! For each year from 1968 to
1989, this process is repeared 200 times, and a sample stan-
dard deviation {or labor composition is calculated. )2 The re-
sults are presented in table G-6,

Labar compasition in the private nonfarm bosiness sector
grew 0.26 percent annually between 1968 and 1989, and the
standard deviations, on average, are only slightly less than the
annual labor composition growth rates. This suggests that
random errar in both the parameters and the hours matrcesin
most years can account for the annual increase in labor com-
position. However, labor compaesition growth over longer pe-
riods cannot be explained by random emor and represents a
real change in the skalls of workers, For example, anmual labor

""" The standard erors of the parameters of both the wage and sxperience
mode] ere known. Given the large siinple siee, the paremeters can be as-
shmied 1o be normally distrihutéd with o mean and stapdard deviaton mes-
sured by the estimated parameter wnd (he parimeter’s standard crman The
stzndard error of an individual cell of the hours matdx can be derived from
pubfished tables of Employment ond Earnings which deseribe simpling e
rot in the CPS, The percentage of tolal hours worked by any groop of workers
iz assumed fo have the observed mean and variance = p* [ T00-p)N where p is
the obzerved mean percentage and N is 1lie sample size. The percentage of
total howrs worked by each group is assutned to vary normally although a bi-
nomizl distribuition would be have been more appropriste. Given the large
sample stze, a nommal approximation is suitable. Whenever a random event
produced a negative number of honrs workesl, the bours were set o an ne-
gli{jhi:.f small bul positive number

! Sampling ervor 5 nat examined prior o 1968 because the hoars ma-
trices were genersted with the aid of 2 multipropartional interpolation meth-
od (RAS), The estimution emror of RA S combined with the CPS sampling er-
rof is beyond this study. Since the RAS method muost intrdoce some eror,
the standard errors of Tabor composiion measures prios o 1968 are larger
than those presented in table G-6, See appendix D for a discession of the use
of 1he BAS meéthod.

composition growth between 1982 and 1985 never exceeded
two standard deviationsin any year, but the labor composition
index in 1985 is significantly different from the 1982 index,
Therefore, use cantion in analyzing and interpreting annual
changes in Jabor composition and its impact on multfactor
productivity, Changes in labor composition and its effects on
laborinput and multifactor productivity should be viewed as a
long term phenomenon.

Table G-6. Labor compasition growth in private nonfarm busi-
ness and its eslimated standard deviation based on Monle Carla
simulation, 1968-89

Lahar

Year composition| Standard Ratio
fin percant] devislion

1) (2) (1)
6} v R -0.30 18 A67
p - o LA S st 43 A7 12.53
gL R R e A1 A7 2.41
L R N Rt e -.28 20 -1.40
| e - 04 20 =20
g L [ e -21 a1 =100
1A S e W EBa .20 13.4p
TR A S iila) 21 00
il L5 T TN -28 22 -132
gL e e e e e s 05 18 28
1978 . i s & 06 RE 32
1979 . e e -32 20 -1.60
1980 ........ 33 20 165
VBB + erns & wains 2t e s 76 18 1442
2~ P P G 1.07 20 15.38
TORS - sebnieceg i 4ol a7 18 185
1984 ., ,..... O A6 38
T8 . A s i 25 .18 1,38
1986 ... T 58 20 1230
TR oo S 20 i 105
J OB iy A s B0 18 Tazi
Lo A R e R 48 A8 lasa

1 Labor composition growih is significantly different from zeno at the
85-percent conlidence level (t-ratio = 1.86).
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Appendix H. Partial Indexes of Labor Composition

Since the path breaking work of Selow (1957) showed that
output growth could be divided into the separate contribu-
tivns of labor, capital, and prodoctivity, there has been a natu-
ral tendency to decompese the contributions into finer and
finer detail. Denison (19835), Jorgenson, Gollop, and Fraume-
ni (1987, and BLS have measured the contribution of shifts
il the composition of the work force to labor nput and pro-
ductivity.

Exact measures of the separate contrbutions of each trait
require a set of highly unlikely assumptions. An hoor of work
must be divisible into separate service flows for each trait.
Furthermore, the service flows must be linear and additive.
This impases a linear structure without inleraction lerms on
the relationship between wages and worker frails. Even
though a linear wage model can be consistent with a hedomc
wage model and Rosen (1974) has shown it must be the wage
modelif quantities of traits are perfectly divisible, most litera-
ture indicates that a semilog wage model is a more appropnate
specification. Consequently, there is not likely to be any exact
decomposition of labar mput tite the contribution of each
trait.

Tnsiead, this appendix describes a method for measuring
the effect of shifts in one worker trant at a ome holding the oth-
er two traits fixed. This differs shightly from an exact decom-
pasihion of labor composition because the wage mode] devel-
oped m appendix E is semilog and not linear. In the next sec-
tion, the additional assumptions required for unambigucus
measures of the contribution of each trait to labor input and
composition are discussed. 1t will be seen that the methodolo-
gy developed later in the section does not satsfy the restric-
tions because a linear wage model 15 an improbable specifica-
tion of the relationship between wages and worker traits.! In
the final section, measures of the mvain and interaction effects
of education, work experience, and sex composition are pres-
ented and discussed.

Labor composition

By assuming competitive factor markets and a production
function which exhibits constant returns to scale and separa-
bility of labor from other 1opuis, one can obtain & measare of

1 1t hias been shown by Kosenhium, Dean, Jablonsk, snd Kunee n “Mea-
suring Components of Labor Composition Changes,” presenied al the Amer-
ican Boonomde Astociation mestings, December 1990, that the methods
used by Denison and Jorgenson, Gallup, aml Fraimeni alsa fol w0 satisfy an
exitl decomposition.
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Tabor input, L, which is determined by the hours of many dif-
ferent types of workers.? For the purposes of this appendix,
the hours of workers are classified over three traits: Educa-
tion, expenience, and sex. A worker of educational altain-
ment, e, work experience, x, and sex, s, supplies hours hexs.
The aggregator function for all hours over the entire range of
passible types of workers 1s:

(1) L =Llty 11 oy hegsy s a2

Taking the log of labor input and then its derivative with re-
spect to fime yields an expression for the growth rate of labor
input.

(2) dln Lidt = (8ln L/ 8ln heye) * d In heyfdn

Equation 2 states that the prowth rate of aggregate laborin-
put is a sum of the growth rates of the hours of a specific lype
of worker weighted by the elasticities of aggregate labor input
with respect to the hours of that specific type of worker, Com-
petitive factor markets lead firms to equate each elasticity
with its share of labor costs, and equation 2 can be rewritlen
as:

(3) dinLidt= Seys vess * d In heldt

where vy is the share of total compensation paid to a given
type of labor paid an hourly wage rate Wey.,

(4) Vexs=Wens ¥ Noxs { Tens (Weps ™ Begg)

The growth rate of labor composition, LC, is defined as the
difference between the growth rate of labor input and the
growth rate of total hours, d1n H/dL

(5) dnLCtdt=d In Lidt—d In H/dt
= Fogs Vexs ¥ d 1n hgyo/dt—d In Hidt

As already seen in appendix A, equation 3 is the starting
point for the framework for measuring labor composition and
ils components, 1f labor composition can be decomposed into
separate contributions from each trait, implicitly, labor ser-
vices flow simultaneously from each of the three traits. The
labor input of a worker, loys, 15 a function of three servicesand
the number of hours, he,.. For a worker with a given educs-
tion, €, work experience, x, and sex, &, the input for each type
of worker is:

% Spe B Berndtand L. Christensen, "Testing [or the Existénce of s Consis-
tent Index of Labor Inputs,” American Econamic Review, June 1974, for 4k
disenssion af separable mputs,



(6) Lexs =1 (8%Nens, X Maxs, $¥hegs) =Ue, X, 51 ey

Equation 6 makes explicil the notion that the productive
value of an hour depends on a worker’s chamactenistics, This
form s multiplicative in hours to maintain ingar homogene-
ity i aggregate labor input, Thatis, a doubling of the hours of
each type of worker doubles labor input. Using equation 6, ag-
gregate labor input (2guation 3) can be expressed as:®

(T) L=L v L™ Daxsy 2 ¥ Moy 8 ™ gl -2)

Taking the log and then the denvauve of equation 7,

8) dinLfdi=

Faxs din Laln Lie * 8la lowdln e¥hege * d In e¥ heys/dt
4T, 910 LA Lo * 010 Loge/ln 5%y, * d 10 0% B/t
e Al LAk Lage * 810 1oyef A0 5% ® d In 5% hgyefdt

Agam assuming factor markets are competitive, the labor
aggregate is linear homogeneous with respect to the labor in-
puts, and the guantity of services per unit of each trait 15
constant over time, equation 8 simplifes to:*

(%) dinlidt=
Fers (FEexe * 2™ Ruge /0 " H) * d I heyy /it
Fhprs (P Mgy * 2 ey /W = H) * il In by /it
+Eys (PBaxe ¥ & ¥ Nuge i ¥ H) * o Tn iy /dt

where w is the apgregate average wage rate, H is total hours,
and PE, PX, and PS are the unil trail prices of workers' educa-
tinn, experience; and sex. The unit price for each level of
education, for example, is the denvative of the production
function with respect to the guantity of o rait (@Q/L *
Ol Hage * oz 10 (6*Maz,)).

There is no requirement that the price of a given level nf a
trait (for example, college graduate) must be the same for all
ivpes of workers (such as young and older workers). Howey-
er, if each college graduaie has a unique price for her or his
schooling, and each worker with 5 years of experience has a
unique price for his or her experience, and each person has a
unique price for her or his residual traits, then itis not possible
to distinguish among payments for education, experience,
and residual traits.” Consequently, it is assumed that a single

3 Weleh (1970) also derives 5 productian functon which depends on e
edication of workers. Weleh's midel dies not consider expenience and other
trails a5 mpuls. As such, Welch uses the guantity of education as the labor
input instead of howrs, bt this mode! yses education as & Tactor which affecty
the rate of lahor sérvices per hour,

4 specifically, dey/dt = djfdit=ds,/dh =0 implies that the services per umil
of eqch of the three traits does 0ol change. Equation 8 indicstes the weightied
growth rate of hoors and the weighted grmwth rate of service per il (trait
quality) are additive when measunng labor inpul. The messorement of these
quality changes are beyond this study. See Denison, Accounting for LLS,
Ecinpitie Growth, 1929-69, appendix Land 1. Bishop, “Is the Test Score De-
chime Responsible for the Prodoctivity Decling?,” American Econmic fe-
;:'N'. March 1989, for o discuzsion of edocation qoality elanges in the United

taies.
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price exists for each level of each trait. Note thal some differ-
ences in the price of the same level of a trait are permissible
and measurable. However, those differences which are not
purely ad hoc canse (he measurement of the separaie con-
tributions of each trait to break down as shown below. The
point is that some restrictions on the price of each trait are re-
quired to measare the contribution of each trait to labor input.
Using this assumption, equation 9 can be rewritien.

(1) dlnLidt=
Zoxs (PE Y 2 * Nexe f W™ H) * d [n flage /L
+ s (PXx * % F hegs/ w * H) * dIn hgy fdt
4 L (PR, "5 ¥ hewe /W * H) *dIn hyy, /dr
= 5¢ * Teys (PEc™e * hpgs (Zens PEe*e™hexs) * 0 I Ny /et
+ 8K * Eoye (PR PR * Hoys (Trns PX "5 hay) * d 10 hyye /fdt
+ 88 B (PS¥s * Pee %Fﬁs*?"*hus} *d I Dy /dt

where 5, (= Zpys PEe ¥ & * hpye WY H), 54, and §g are the share of
tntal compensution paid to each trail. Equation 10 provides a
methad for accounting for the contribution of traits w fsbar
mpul growthin which the last three lines measure the separate
contributions of each frait. Finally, the coniribution of each
trait to lahor compogition growth is derived by subtracting the
growth rate of total hours from the growth rate of labor input.
Since the payment shares, 5., 35, and s¢, must sum Lo one, the
growth rate of labor composition can be expressed as:

i11) dlnLC/dt=dIn L/dt—d In Hfdt

= 5S¢ * T (eD™exs Eexs e hexs)™ (@ In hexg/dt ~ d In )
+ 85 * Toge (3D hexs Eoxs 30 hexs)® (d 1n heye/dt — d In H/Ad)
+ 5™ Foe (EP*hr.xs e 3Pih:15)i idln he;m'fdt - d In Hfdr)

where .p (=PE.* &}, yp, and ¢p are the payments Lo education,
gxpenence, and residual traits.

Partlal indexes

Attempts at a decomposition of labor compesilion into the
contribntion of each characieristic have essentially relied on
developing a price for each trail. This new price is then substi-
tuted for a worker's compensation to develop new share
weights in the formula forlabor composition, A closer look at
eijuation 11 reveals thatitis simply a restatement of the defi-
nition of labor compesition (equation 3). The sole difference
is that the compensation share weight has been divided into
three components representing the separate contribution of
each trait.

It follows from equating equations 5 and 11, hoth equations
for ageregate Iabor composition change, that the sum of the
Lrait payments (op+ . p++p) must equal the wage rate for each
type of worker. This would impose a linear form on the wage
model. This restrietion 1 severe, but it is required to yield an

# IF the price of each level of each teait is gue, the payments for the
edpcation, experience, and residual wts of a given type of worker dre per
fectly collinesr. In & regression, pedect collineanity prohibits sepatare esi-
males forzach poyment.



exact decomposition, Most of the work in the human capital
wage model sigpests that the log of wages is linearly related
to & set of characteristics. Tests of the semilog versus the lin-
ear model (Heckman and Polachek, 1974) indicate that the
semilog form provides a superior fit of the data. Consequent-
Ly, if the true wage modelis semilog or any nonlinear form, no
exact decomposition of labor composition growth into com-
ponents is possible,

The model deserdbed in appendix E is not a linear wage
miodel. Tnstead it uses a semilog model to measure rait pay-
menis and models the log of eamings as a function of educa-
tion and age (or work experience). As indicaled abave, anly a
linear wage model can provide an exact decomposition of la-
bor inpul. Mevertheless, a semilog wage model is particularly
well suited to the task of decomposing labor composition be-
calse the trait payments are multiplicative and can easily be
held constant.

Maintaining the previous assumptions, substitution of a
semilog wage model into equation 3 yields a different version
of equation 10 in which separate contribotions for each trait
and separate trait payments do nol exist

(12)d ln Lidt =
Toxe (eP *xP *oP *Nexs ((Zexs P *x0 *5D *Hexs) * dIn by fdt)

The strategy here is to substitute a new share weight for the
compensation share weight in the formula for labor compuosi-
tion, This 15 accomplished by developing an estimate of the
payment for & single trait. By holding the payment for two
traits constant, changes in the distribution of these traits can-
not affect labor input. To see this, substitute a pair of constants
for two of the payments in the share weight of equation 12.
These appear as multiplicanve constants in both the numera-
tor and denominator and sc cancel, Using the same nomencla-
ture as Barger (1971) and Jorgenson, Gollop, and Fraumeni
(1987), the first order partial index, 1, of the effect of changes
in the distribution of hours by education holding experience
and sex composition constant is

Educarion
{13a) . = Fu eB ™ Bags s Ep""hq_“\]* d In heye fdt)

Similarly, first order partial indexes for work experience and
sex composition can be defined,

Work experience
(130) T = Eexs xP * Baxs /((Zoxs sP*hers) * d In by, /d1)

Sex compasition
(136) L= B §P ® Rags M cxs sp*heys) * d In higge fd)

Itis also important to note that this is not a “true™ measure of
the contnbution of'each trait to labor mput. If separate prices
existed that satisfy both the linear and semilog wage model
(and there are none), equation 10 would measure the contribu-
tion of a trait to labor input along the prodoction frontier,
Equation 12 shows the effect of shills in the distribution of
edncation on labor input holding expetience and sex com-
position fixed

1iZ

Second order partial indexes can be defined analogously to
the first order partial indexes of equation 13, Second order in-
dexes consider changes in the distrbution of two traits simul-
taneously and hold only one trait constant.

Educatiom-experience partial index

(143} lex = Eexs exP * hons/(Zens exp * hexs) * d In hgye /dt)
Edycation-sex composition partial index

{145) Lo = Togs P ® Do/ (Fxs 5D * Boys) * d In b /i)
Experience-sex compasition partial index

(142) Tys = Tens xsP * Nexs/(Fexs sl * Nexs) * d 1t ey /dt)

A third order partial index could alzo be defined, but it con-
siders changes inall three trasts simultaneously, and it i5 iden-
tical 1o the Tabor input index.

Allthat rernains is to determine a set of trait payments based
on the wage model deseribed in appendix E. In peneral ierms,
the log of the wage, W, 1s 4 function of a set of dummy vari-
ables to measure education and first and second order mea-
sures of a continuous work experience varable. Separate
eguations are esumated for men apd women,

(15 men) In Weyg=amg +bmg +cm* X —gm* X?
(15 women) In W, =af, +bf, s+ cf= X -gf = X2

With the exception of work experience, the parameters di-
rectly represent the log of the trait payments. The terms b,
and bf, are the parameters representing payments to each lay-
el of education for men and women, respectively, A single
pair of work experience paramelers is estimated for each sex.
The first order parameters for men and women are cm and cf,
and the second order parameters are gm and gl The result,
em* X —pm * X2, represents the payment for the experience
of a person with X years of work experience. The male and
female returns Lo all other traits included in the wage equation
are measured by am; and af,_

The payment to each trait is not the average samings for
gach level of each trait, a5 used for example by Chinloy and
Jorgenson, Gollop, and Fraumeni, but instead is determined
by the estimated parameters of the model,% Because two traits
are held constantand these constants cancel out of the caleuls-
tion, they can be conveniently set to zero. As aresult. the pay-
ment to a person for his or her education is the exponentiation
of the education parameter, him,.. The payments to cach teait
setting the payment 1o the other bwo traits to zero ane:

& Estimated paraineters from the wapes mode] are prefermed overavergge
earnings o estimate the payment for evch rdt. Based on avemge eanings,
ihe exmings differential by education reflects not only differences between
the educational sitainmient of different grovps of workers bt dlso differences
in work expérience.

The average level of educational atiainment has been rising aver the past
A years. As uresult, the averepe eollege praduste is vounger than the aver-
ege high school graduste. Since older workers generally have more work ex-
perience than younger workers, the wage differential beiween High school
tnd college gradustes as measured by average camings §5 100 narmaw o re-
flect jon the difference m educational sttainment, However, the wage differ-
entials hased on the sstimated education parameters measure the wage dif-
ferential holding expernence and all cdlier factore constant

Fora discussion of the differences betwesn the bwo metheds, see Rasen-
blum, Diean, Iablonski, and Kunze, “Messuring Components of Labor Com-
positicn Changes.”



Paymeni for education
(16 mnen) «p =expl bmg )
(16 women) ep=expl bf. )

Bayment for experience
(17 men) p=explem® X—gm*X?)
(17 women) p=explef * N—pf*X2)

Payment for residual traiis (sex compasition)
{18 men) §p=exp( amy )
(18 women} p=expl afy )

Equation 15 does not include interaction terms between
traits so that a nonarbitrary payment can be measured for each
trait.” Suppese an interaction between education and experi-
ence was present in the wage model. Such an interaction lerm
isequivalent to pepmithng (in equation 10} the poceofa given
level of a trait to differ across a subset of workers. The trait
payment for both education and experience would then be in-
determinate because there is no unambiguous method for di-
viding the intersction term between payments to education
and experience. Measores of the separate corntnbution of each
trait in such & case would be highly uncertain and arbitrary.

The set of trait paymenis used in the second order partial in-
dex hold one trait constant. These payments are used (o devel-
op share weights for the second order partial indexes.

Education-experience payinent
(19 men) eP =exp{ bm. 4 cm * X —pm * X2)
(19 women) exp=exp( bl +cf * X —gf* X2)

Education-sex campogition payment
(20 men) esp = expl bmg + am; )
(20 women) esD = expl bf, 4 af, )

Experience-sex composition paymens
{21 men) wp=explcm* X —gm* X2+ am, )
(21 women) sp=explcf * X -gf * X2 +af, )

The object of this exercise is to determine & set of main and
interaction effects, The growth rale of the main effect, Q. is
nhtained by sebtracting the growth rate of total hours, H, from
the first order partial index, 1. First order interaction effects
are defined as the second order panial index less the appropri-
ate two first order indexes and the prowth rate of otal hours,

T Permutfing parameters for education and experience Lo difler between
men and women is implicitly an interaction ellect between ==2x composition
and experience and education. These parumeler differences are assumed
reflect differences in the quantty of edocation and training embodied in a
year af school or work experence and not a difference in the retum to these
traite, It is poszble that male/female differences in the réfum 1o educdbog
ani training might also be due labar market discrimination o @n inleraction
between the guantity ol edocation or tnining and other unmeasured abiliries,
Therefore, T and T, include shifis in the distibution of education ar exper-
ence capised by a shift in hours betwesn men and women.

Main effects

(228) Qe=1l.—dInH/d
(22b) Qe=Tly—dInH/dt
(22¢) Qe=I—dinH/dt

First arder interaction effects

(22d) Qu=le-dlhH/di-0Q.-0Q;
(228) Quy=lyx—dInH/dt— Q.— O
(22 Qu=l-dlnH/-0Q;-Q.

Finally, the second order interaction effect is defined to in-
sure that the main effects and interaction effects som to labor
compasition growih.

Second order interaction effects

(22g)  Qexs=dln LC/d - Qs — Qox ~ Qus— Qe - O - Qs

Contributions of education, experience, and sex
composition

The contributions of education, experience, and sex com-
position 1o labor composition growth in private business are
shown in table H-1. (The figures for private nonfirm business
are very similar and are not shown, ) Remember that these are
estimates and do not represent an exact decomposition of la-
bor composition growth.

For the entire period from 1948 1o 1990, the main effect of
education on labor composition was (.41 percent per year. In
contrast, the main effects of experience and sex composition
were negative and much smallerin magnitude; the main expe-
rience effect was -0.10 percent, and the main sex composition
effect was -0.03 percent. The main effects account for almost
all of lsbor composition growth between 1948 and 1990,
Mostof the interaction effects in that period are zero, and they
sum up to merely 0.02 percent.

Table H-1. Decomposition of labor compesition growth In the

private business sector, 1948-90
{Percent per year)
Compasiiion effects 1948-30 | 1946-73 | 1973-78| 1973-30
Labor composition growth | 0.30 027 oos D48
Main effects
Educafion A% Al 50 38
Experience =10 =1 -44 10
Sax compasition -03 =04 - 06 -1
Inleraction effects o2 m .05 o2
First-orger;
Educafion-sxparience 0z m a7} a2
Educalion-sex
composition oo 00 0o oo
Experence-sex
composition .00 00 .m 09
Second-order;
Education-Expenence-
SEE COMpoSilon o0 00 .00 0o

KWOTE. The sum of the effects may not equal labor composition
grewih due to rounding.



Looking at the subperiods in table H-1, it is clear that the
main effect of experence varies far more than any of the other
effects. From 1948 to 1973, the main expenence effect con-
tributes -0.11 percent to labor composition growth, and this
effect plummets 1o -0.44 percent between 1973 and 1979,
This drop in the main effect of experience coincides with the
entrance of many members of the baby boom peneration into
the work force and with the steadily increasing participation
of women in the labor markel. During the Jatest period, 19749
to 1990, the experience effect swings ap by more than half a
percentage point, to 0.10 percent. Comparing movements in
labor composition growth and in the main effects, itis evident
that the vanation in the main effect of experience explains al-
most all of the variation in labor composition growih,

It is important to note that the contrbuiion of the sex com-
position effect i this study is quite smiall, The small sex com-
position effect together with a larpely unchanging contribu-
ton of education soggests that any reduction 1n labor com-
position growth due to the increased participation of women
15 almost exclusively identified with a reduction in the aver-
age level or retumn to expenence of the entire work lorce.

Virtually all of the interaction effects in table H-1 are negli-
gible, Only the education-experience effect is différent from
zero in cach period althoogh it never exceeds 0004 percent.
Becapse the interaction effects are so small, the som of the
main effects calculated with the parnial indexes is approxi-
malely equal to the growth rate of labor compoesition,

The contribution of the main effects to labor produetivity is
measured by multiplying them by labor's share of current dol -
lar output (wluch has been about two-thirds on average). The
contribution of education to labor productivity was approxi-
mately 0.3 in each of the penods under consideration. In the
latest period, 1979 to 1990, the contnibution of education al-
most equalled the contribution of labor composition (0.3 per-
cent). Lahor composition, in tum, accountad for close to 40
percent of the annual growth rate of owtpul per hour, which
was (L8 percent. The annual contribution of experience ta la-
bor productuyity was -0.1 percent during hoth the 1948-90
and 1948-73 periods. Between 1973 and 1979, the annusl
comtributiom of experience dropped to -0.3 percent, while in
the most recent perind experience made a posilive conlribu-
tion of (1.1 percent. In each period the annual contribution of
sex composition to productivity growth was 040 percent
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