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Annals of Ecoronie and Social Measurenicin, 6 /4, 1977

THE COVARIANCE STRUCTURE OF EARNINGS
AND THE ON-THE-JOB TRAINING HYFOTHESISY

BY Jonunx (. Hause

Humau capital invesiment and aix returns are oasically intervemporal processes. However,
most empirical siudies of these processes have been limited 10 cross-sectional daia thar pro-
vide linle or no informaiion on the aciual linkage of earnings over time as manifesied in
individual earnings profiles. In this sindy a stavistical methodology is developed for analyzing
cokort time serics data on earnings, and i is then applied 10 a simple model designed 10
throw some light on the poremial empirical imponance of he hypothesis thar systematic
differences in on-the-job training (OJ 1y lead to significant differences in indivianal carn:ngs
profiles. The siudy illusirares the eemral role played by the covariance strucinre ef varnings
when 1hese hypotheses are explored with tine series dawa. The staiviical analysis leads 10
reasonahle upper-bound estimares of the dispersion of earnings profile slopes that indicate
empirically relevam sysiemauic differences in the profiles. Sante evidence s also presented
that indicates there is significamly less relauve variance in discounted earnnge profiles than
in relmiive earnings for a single vear. Both conclusions are consisient with the OJT niodel.

I. INTRODUCTION

The determination and explanation of statistical propertics of the carnings
profilc arc becoming focal peints of rescarch by cconomists interested m
the distribution and life cycle history of carnings. The first-order statistics
(profiles of mean carnings as a function of labor force expericncee or age)
have been studied extensively, both bucause of their central role in csti-
mates of the returns from investments in human capital and becaunse the
requisite data have been relatively casy to obtain. Synthetic prohles of
carnings for groups classificd by years of cducation and adjusted for dif-

*Initial rescarch on this topic was funded by a Natioaal Science Foundation grant
(GS-31334) 1o NBER for rescarch on the determinants of the distribution of income
and carnings. Additional work and completion were supported by National Institute of
Education (U.S. Office of Education) Grant OEG 0-72-1569. NIE Project 2-0680. None of
these institntions has officially reviewed or approved this work or its conclusions. 1 am
greatly indebted 1 Chris Sins for commients that have deeply influcnced my thinking ahout
the theoretical and statistical implcations of the baste model, and 10 Urban Norlén for
resolving much of the gencralized teast squares (GLS) catimation procedure and carrving
out the GLS and parametric calealations, Lo AL Lillard and Yoram Weiss provided several
very uscful teebnical and expository comments when they read an earlier version. [eis a
pleasure 1o acknowledge the cooperation of Sten Jobansson and [ngalill Eriksson. who
made it possible for me 1o use g special data tape ereated by the latter for the Liginkom-
statredning study in Sweden. Thanks are also due to Goran Abrae. who assembled the
income dita for those born in 1936 1941, The studs bas aiso benefited from the valuable
rescarch assistance of Karlis Goppers. and from work by Eifon Amit. Lars Anlér. Edward
Fagerlund, and Lars Elve Larson, who carricd out computations at various stages. It has
also heen improved sigaificantiv by the carctul editing of Ester Moskowitz, T alone am
responsible for conclissions and errors. but hecause of the complexity of the income profifes
the emipirical ambiguity can be partly attributed o the data,
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ferences in persenal chavacteristics have been conslln.lcicd t'_r_om. cros.s;-
scettonal data. These profifes form the primary empirical basis for esti-
matng internal rates of return trom schooting. [imnmni..s'ls have gencrally
interpreted the inverted U shapc (;l'lh'c profiles as rt.'ﬂ':f;!m_gz. lh.c gro\\?h oi
productivity with cxpericnce (and investment), “‘hlk:h 1S Increasingly
counterbalanced by depreciation and obsolescence. Mincer (1970. 1974)
has strongly clllph;-l.s‘i'zcd the potential significance of po.sljschool. mvest-
ments in increasing an individual s carnimgs capacity; the primary focus of
his study has been on the role ol on-the-job-training (OJT)‘.

Data on the mean carnmgs profile of a cohort combined with statis-
tics of the variance about that profile (as a function of expericnce or age)
are adequate for raising and resolving some significant questions, by
lcave unanswered the central issuc of how the inuividual profiles arc dis-
tributed about the group mean. That issuc is important for a kast two
reasons: First. investments in human capital usually modify the engire
subscquent carnings profile. The dispersion of carnings for a single year is
duc to a combination of systeriatic. transitory . and compensatory compo-
nents that are difticult to disentangle and to relate to speciic investments
by the individual. The risk duc to dificrent payofls from such investments
1s much more adequately reflected by the dispersion of lifctime carnings
(v.g.. as measured by the variance of the logarithm of the discounted
carnings strcam) than by the carnings dispersion of one year." In pringj-
ple, the variance of lifetime carmings can be partitioned into three distinet
componcnts. one containing systemtic clements perecived by a person
Prior to an investment in human capital. another containing systematje
clements not anticipated. and o third containing “random " facters. How-
ever, these questions and the question of lifetime CATNINGS variance can be
answered dircetly only with information on the dutocovariance structure
of carnings. An upper bound on the variability of lifetin¢ carnings can be
obtaincd consistent with knowledge of the standard deviation of carnings
as a function of age, since the discounted value of the latter measurce is
the least upper bound of the standard deviation of (discounted) lifctime
carnings.? Unfortunatcly. the lower bound of discounted carnings based

This issuc is discussed in greater detail in Hause (1974).

*The lower-bound estimate of zero s approached. for example. if working lifetime is
divided into g large number of periods between which there is no correlation of Carnings.
The upper bound cited in the text is obtained from Hause (1974) on the basis of 4 proof
sketched by Sims, e X, be carnings ag g function of age. 10 g the correspond-
ing mean carnings as a functjon of ageand p the constang discount factor:
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on cross-sectional carnings data is zcro. and these bounds are far too wide
to be of much interest. Fragmentary data reported in past studics reveal
that carnings over time have substantial autovorrelation, hbut it is con-
siderably less thar unity; s¢ ncither bound is satisfactory for our needs.

Sceond, data on individual carnings profiles can also help unravel ihe
cffect of human capital investments on the life cyele of carnings. At
present, “optimal programs™ of human capital investment are net well
understood. partly because only very limited information is at hand on the
substitutability and complementarity of the different investments. In
studics of American data (c.g., Mincer 1974, Chap. 4) a strong positive
association has been established between the level of schooling attainment
and the slope of the mean carnings profile. as well as with the number of
years over which the profile continucs to have a substantial positive slope.
The mean profiles do not reveal the extent to which schooling and on-the-
job training may be partial substitutes: this information would be usclul
for mcasuring the importance of differences in investment opportunitics in
determining tetal human capital investient.

Dircet empirical investigation of these topics is possible with individ-
ual data covering a long scgment of the lifctime carnings profile. from
which autocovariances can be computed. Although scattered picces of
cvidence on autocorrelations of earnings and of income have buen re-
ported, c.g., Fricdman and Kuzncts (1954). Hanna (1948). Mendcers-
hausen (1946), Thatcher (1971), the populations on which the results are
based are usually heterogencous in age and cducation. Henee, these cor-
relations are weighted averages of different segments of carnings (or
income) profilcs from cohorts with diffcring schooling attainments. and
are conscquently difficult to interpret. Finally, little scems to have been
done systcmatically to cxploit the covariance structure o estimate or ox-
plain lifctime carnings. aside from somc work on the random walk
hypothusis, e.g., by Fasc (1970).

In the next section, the QJT hypothesis 1s considered in detail. and a
statistical specification is given for its study. In the third scction, a model
is developed to provide possible tests for the existence of OJT cffects
and estimatcs of the differences in carnings protile slopes. Next, the para-
metric model is applied to time scrics data on income for a cohort of
Swedish men with various levels of schooling attainment. A few results
are also reported on the possibic compensatory citecis of OJT for a sample

(by Schwartz's incquality).
= )‘j/r’ P, - e ""vL\‘,- — e ydudt’
= E[.//"_pl(-‘r - “:)”"] :
Tuking squarc roots of the first and Iast steps yiclds the upper bound asserted in the texi.
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of American nwen. In a final scction, future work: that could be carricd ot
withm this framework is brietly discussced.

2. Tk On-tHE-JoB TRAINING HYPOTHESIS

The OJT hypothesis asscrts that systematic d'iﬂ"crcnccﬁ n OJT lcad to
significant differences in carnings profiles. Thc‘ tp‘p«)lhc.\'l.\ has been dls?
cussed extensively by Mincer (1970). whose cmpirical work has been bascd
exclusively on first-order statistics on carnings profiles. AT\\'o“ impo_rt;-mt
empirical implications follow readily from the hypothesis. l'lr..\‘t\ (lll.lcr-
ences in OJT investment will gencerate dispersion in the stopes of carnings
profiles. Sccond. part of the dispersion in carnings at d given age is.;l
consequence of different investments in OJT: those who invest heavily in
OJT arc paid less at first than others of similar ceonomic abihity. but the
carnings of the former subscquently rise rapidly cnough and tong enough
to compensate them for their lower initial carnings. Henee, OJT s 4 SVS-
tematic compensatory mechanism that tends to reduce the rekative varia-
tionin lifetime carnings compared with the relative variation in annual
carnings. This study is concerned primarily wiih the first mmplication. The
time series data on which most of this stdy is buscd are too short to
cvaluate the net extent to which QJT plays a compensatory role in re-
ducing the variance of lifetime carnmgs. Howcever. the main sample,
described in detail below . docs provide data that vicld cmpirically signifi-
cant upper-bound cstimates of QIT effects for low fevels of schooling
attainment: the findings indicate there are systematic and important dif.
ferences in the speed with which individual earnings increase with CXperi-
cnce. Those findings are compatible with the OJT model. but not with a
modclin which the evolution of personal carnings is gencrated primariiy
by random walk deviations from dcommon trend.

Mincer (1970, 1974) hus suggested that assignificant source of the dit-
ferences in human capital investment arise from diffcrences in OJT. which
m turn lead to diffcrences in carnings profiles. In some Jobs. it takes g
relatively long time for new workers to acquire normal levels of job skill,
Workers cntering such jobs may initially reccive low carnings, correspond-
g 1o their lew net productivity. As they acquire more cxpericnce and
skill. their CATNINGS risc. Since capital markct exchange opportunitics
make current doltars more vitluable than future dollars. it can be shown
by meuns of a simple model that when the ktbor muarket s in cquitibrium,
future carnings must be high ¢nough to offset the fow initial cirnings in
thosc jobs (in the sense of cquatizing present viluces). Apprenticeships for
certain crafts or the establishment of o professional feputation in medicine
or law arc examples of the kinds of signiticant post-school investment
required in somc jobs.

Consider a model in which there is a perfect capital market. perfect
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Figure I Lincarized Rising Sector of Earnings Profile of Equal-Ability Individuals

foresight. no nonpeeuniary occupational preferences. and cqual carnings
potential for a cohort of cntrants into the labor force, whose members
have the same schooling attainment. In Figure 1, carnings profiles arc
illustrated for three jobs, a, b, and ¢, requiring increasing levels ot post-
schocl OJT investments. IT it is assumed that no additional out-of-pocket
investments are required for any of these jobs, then the optimizing behavior
of individuals would generate a labor markcet cquilibrium in which  the
carnings profiles have the same present value: e, _/,;’ ey (r)dr is the
same for i = a. b, ¢ where y,(¢) is the carnings profile for job i, p s
the marketinterest rate, and 7o and £, are the respective daies of ¢ntry into
and cxit from the labor forcc.

There is little theory to guide us in sclecting a particular function.
y,(¢). for the earnings profile, and there is no theorctical necessity for the
family of profiles to be lincar in the rising portion. Like cost functions,
the carnings profiles presumably depend on technology wnd  prices.
Mincer's own work (1974, p. 17) with simple, analytically convenient carn-
ings functions often leads o a “erossover’ (or Tovertaking”) pomt 7. {or
to a relatively narrow crossover interval) for given schooling attninment.
and Lretain this assumption in the following development.t In principle,

3IThe crossover concept is particularly relevant for discussion of the compensatary
role of OJT. in which investment costs are subsequently offset by higher carnings.
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there s hitle formal justitication for assaming that carnings pm(i_lcs of
people with cqual ability cross cach other ;1lluir the same n uinber ot ,\.'c;us
of job expericitee. nor is there much r-;.uson.ff)r assuming lh':'.'l this same
amount of time would be appropriate for different vql.;:ul—:.!l_\_!l!l)’ cohorts.
Ifwe have o set of cqual-ability people with curn.ings'prf)ll.lgs () _lhul
have the same present value but a large disp‘crsmn mn lllll!il-l carnings
¥, (#y), reflecting differences in initial OJT. Ihcrc.m no m;ltlwmzltw:.ll neues-
sity for all the pi(0)’'s to interscet at the same time, o, (:{“h()l.lgh it might
be a reasonable simplification to assumc that cach pair of pfohlcs I1:l:s‘ only
onc interscetion). If data were available for measuring carnings _prohlcs _ot'
individuals possessing similar cconomic ability, it would be po.s:snhlc_slulns:
ticalty to characterize the strength of the central tcndcncy_ o_l profiles of
cqual-ability people to cross at the same point..ln thL.- st;lpslnc;ll modcl |
develop below. I make the restrictive assumption of a sn_nglc crossover
point because the model is then casier to manipulate and mlcr_prcl: Sub-
sequently. | odiscuss the precise role played by that assumption in my
statistical tests.

The assumption of a lincar profile is a convenient fiction \\'l_\ich I8
probably not unduly restrictive. Since we are concerned primarily with the
extent to which carnings profile slopes differ, for most of the statistical
work we can regard the lincar profike scements as deviations from the
meun carnings profile for the cohort (which has the usual skewed.
inverted-U shape with the ascent in the carly ycars considerably steeper
than the deseent in the later years). Furthcrmore, the time scries data |
analyze here span only six or seven yuars rather than the entire carnings
protilc.

The cmpirical relevance of the model clearly depends on the extent to
which there are systematic differences in the carnings profiles that arc duc
to cconomic choices made by workers. If the profiles mercly reflect in-
cvitable and unalterable inereascs in productivity that accompany job ex-
pericnee and physical and psychological maturation and aging, there is
hittle theoretical gain from describing the profile as if people were making
investment decisions in OJT once they entered the labor foree. The sec-
nario that accompanics Mincer’s formal OJT model (1974) might be inter-
preted as if this form of human capital investment required a worker to
make optimal period-by-period investment decisions; if the worker de-
cided to hold his stock of human capital constant, his obscrved carnings
would cqual potential carnings and his carnings profilc would be hori-
zontal. It is not possiblc to infer the range of OJT investment choices
available to or actually choscn by workers from the mean carnings pro-
file of a cohort with given schooling attainment. Howcver, the finding of a
crossover of mean profilcs of carnings for diffcrent occupations, given
schooling. with the initially lower profile remaining higher after the cross-
over, would sugpest thai the choice of g job carrics with it an implicd
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choice of carnings profile. In that case, competition for jobs should tend
{o cqualize returns at the margin, with the result that tere will Be no net
advantage of onc profilc over the other for workers with similar tastes and
cconomic ability. Even this information would not indicate what amount
of on-the-job investment workers can clect once they have chosen a job.

Much of the remainder of this paper is devoted to developing and
testing a modcl that can indicate the maximum ceonomic significance that
OJT could have by determining the extent to which there are systematic
differences in the growth rate of carnings with cxperience, and to develop-
ing an indircet test of the possible net cileet on OJT. bascd on partial cor-
relations of earnings. There may, of coursce. be other reasons besides OJT
for differences in the slopes of carnings profiles, for exaniple, differences in
ability or unanticipated cxcess demand for a particular occupation. Time
scries data are not available, howcever, fer @ more complete specification
of the model— by including personal characteristics, for cxample, which
may themselves be determined in part by previous investments in human
capital—so that it could be used to disentangle OJT cffects from other dis-
tinct factors related to differences in the slopes of carnings profiles. Heuee,
the dispersion in slopes described in this paper provides an upper bound
on QJT effeets for the sample cohorts studicd.

The simple model of carnings profiles illustrated in Figure 1 has
several implications for correlations of carnings from different points
along the profile. In the following discussion it is assumed that time peri-
ods i and j both lic in the timc interval where the carnings profiles are ris-
ing and that ¢ < j. If i, j Z 1., then ry > 0. I cither iorj iscqualto 1., ry =
0 [in a degenerate sense, since the variance of p(2) = 0 in this modcl],
andifi < 1, <j,ry; <0.

The model in this form is clearly inadequate for cmpirical work,
First, there is no ¢, such that var y{t,) = 0 and stcadily increases as it
moves in cither direction in time away from «,. Sceond, fragmentary cvi-
dence suggests that cohorts of individuals who have the same schooling
attainment and who cntered the labor force simultancously have positive
earnings correlations for all relevaut i’s and j's. These cmpirical features
may arise because there are substantial dificrences in the potential cco-
nomic capacity of people at the time they enter the labor foree, whereas in
the model, it is assumed that cveryone has the same initial cconomic
ability. Variation in initial economic capacity can be formally incorpo-
rated into the modcl by assuming a distribution of carnings at crossover
time and by assuming further that those with the highest carnings at that
time have the highest (discounted) fifetime carnings. It the variance of this
carnings distribution is large cnough, it could mask the simple patterns of
earnings corrclations implicd by the initial OJT model. Last, there 1s pre-
sumably substantial residual variability in earnings that must be taken
into account.
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These considerations lead to the following statistical specification of

the (lincarized) ciarnings profiles:
() NpomoIwoou,

i i y Sents carnings | riod ¢, and time has been
In this cquation, x, represents CArnings in period

translated so that the crossover period 7, = 0., w, and uoare all random
variables. u,, the carnings residual in period o, s assumed 1o he uncor-

related with moand w for all . mis assumed to yield the distribution of

carnings at the crossover period 1, (= 0) in_ |‘hc co_mplc[c ubscnc"c' ofu,, zu?d
represents the distribution of carnings dlﬂ.c.rcn.[li.ll.\' duc to differences g
cconomic ability (or carnings potential) of individuals b(:.torc they t.'n[.c-r
the lubor foree: mi s supposcd to capture genctic and cnvironmental .dlt-
ferences in background as well as carlicr investments :'n hum;n? capital,
w dcetermines the slope of the rising portion of the lincarized Carnings pro-
hle, and is the key clement in this model, linking it with the OJT hypothe-
sis: wis determined by individuals by their occupation and the amount of
OJT they decide to acquire (1o the extent that OJT is a choice variible,
given the occupation an individual enters). I there il:'(..' large, SVSTematic
differences in the OJT obtained by diffcrent workers in simple, these
differences should be reflected by a correspondingly large dispersion of the
distribution of w for the sumple members. m and w have no time subscript
(1), since they are assumied to be specific 1o the individual, and do not vary
along the carly scgment of the profile,

There s little theory to guide us in specifying the stitistical propertics
of the carnings residual, u,. and in the following, T will assume that u, =
Yo + 20y 018 arandom walk conmponent;

I

Yo = Z €\

i‘:'O
where ¢, represents the independent (nontransitory) random shock: Ty =
0il'i »j, and = O Wi = joz, represents o transwtory carnings residual in
period 1, and | assume e, = 000 = j, and = O i = ) Finally, Tz =
0z, = Oforalli and .

Some students of carnings profiles have assumed that changes in
carnings along the profilc can be represented by o rundom walk, which
torreponds to rundom but nontransitory factors that permancntly change
the expected level ofcarnings (c.g., see Fase 1970 for extensive work with
this modcl). The clement y, captures this aspect. The coneept of “transi-
tory™ variations (*“white noise™) in carnings (and income) hys long been
uscd in the theoreticy) and cconometrie specttication of carnings profiles,
and z, represents this component. [y INCOrporates minor accidents. ingi-
dentat unemployment. and the like, which are assumed to exert an effect
on carnings for only single period.
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No assumptions have yet been made about g, the covariance be-
tween the distribution of carnings at crossoves time ¢, (in the absence of
residual carnings variations arising from ;) and the distribution of slopes
of the carnings profiles. 1t scems plausible that high-ability people will
have higher carnings at 7, than people of fow ability and may also have an
carnings profile with a steeper slope because of their capacity to acquire
certain job-related skills more rapidly. Previous work by Hause (1972)
provides some empirical cvidence that a direet measure of cognitive ability
(from test scores) is positively corrclated with the slope of the carnings
profilc. At the very least, it scems reasonable to assume o, > 0, and |
maintain this assumption in the following discussion. It we had precise
knowlcdge of the crossover time, it would be possible to estimate this
covariance dircetly from longitudinal data. However, it is impossible in
specification 1 toidentity o, and ¢, simultncously.

The conscquences of misspecifying f, can be determined from the
covariance structure implied by (1), If the age at which crossover is as-
sumed to take place is underestimated, then the estimate o f o,, would be
too small or even negative, and vice versa if the crossover age is over-
estimated.*

Although therc is no dircct way to obscrve (., Mincer (1974, p. 17)
has shown, for onc particular specification of the on-the-job investment

4] wish 1o thank L. A. Lillard for simplifying thc notation used in this derivation
and pointing out an earlier lapsc:

Xpp p=m+(* = 1)w+u

=(m-Tw)+ w4t u
{2) =m* 4 *w* 4 ut
Hence
(3‘1) varu*u*' = [”l’u] = [Uuu]
(3b) Opom® = O = Var (m — TW) = Oy = 2T + rlo“
(30) Gptys = 0Ly = Oy,
(3d) Upow® = oy = Oy = TOy
and
(3'b) Omm = Omm 2ran,, + 72(7,'"“
(J’d) Omu = U;nw + TU:-“.

If the crossover is misspecificd by underestimating the age at which it is assumed o lake
place, 7 is positive. Equations 3 then imply that the covariance matrix of residuals
unchanged. as is the scalar ok, However, the apparent crossover VALANCE Oy 18
1oo large il 720, > 270, . Given our assumption that ¢, > 0. this vceurs i 7 >20,,/
0n. (for 7> 0), und is always true il 7 <0, Furthermore, the apparenl covariance of
m and w, ol is o small (from 3b). Indeed. a suthiciently furge underestimaty of the
crossover age could make the apparent o, negalive, cven i the true g, <00 as
we assumed earlier. Conversely. if the crussover age is overestimated (7 negative) the
apparent gy, 1 100 large.
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tunction, that | /r is an uppcr bound t'.or L, \\'l.lcrc r‘is (l?c rate of rctun.l on
investment in OJT. The key u:.ssnmp.u\.m in his derivation i that QH in-
vestment is a decreasing function .ol umc.‘ and lh;ll‘ .currcnl Larnings yr,.
cqual to the sum of carnings obtainable withowt OJ7 plus the Product of
the interest rate mudtiplicd by accumulated human capital and myipygg eur-

rent investment; the sum of the last two components is then ey cqual to

zero. _ o |

It the sample data inclede a dircet measure of ilbl!!l)" a5 well us timge
scries data on carnings, corrclations (_)r cstimated m'g \\'l!}_i the direet
measure should be interpreted \\fit.h cuutmfl bcn".illlSc an crror I specifying
t.will lcad to an crror in estimating l].lc true . crossg\'cr m 5, HO\\'C\'cr,
stnee misspecitication of 1, will not ilﬁcC[.l.r, netther will it affe correly-
tions between w and dircetly measured ability.

3. Sramisticar TESTING oF THE OJT HyproThegy

In this scction two procedures arc considered for dctcrmining the
pessible existence and empirical significance of in\"cstm.cn.t in OJT. The
first procedurc is an extension of the test used for dclcrl.mnmg the patterp
of simple correlations ofcarnings when there are no residual variations iy
earnings or diflerences in ability. The sceond is an attempt to cstimate the
dispersion of the w's from individual time serics of carnings.

3.1 Testing 0J I Effects by Partial Correlations of Larningy

In scction 2, we considered the distribution of s .rcﬂcczing dif-
ferences in cconomic ability that would be observed at ! in the absenee of
residual earnings variation, u,. With that condition in mind, we look at
the partial correlation of carnings Fites Where 1 < e < kIt we think of
obscrved carnings at 1, as measuring (with Crror) ceonomie ability, then
we would expect this partial correlation to be negitive, in analogy with the
simple correlation ofcarnings. r, <0, for & cohort ol'cquul-zlbility people,
ifi <1, <k Since we have no direet mformation on the precise year of
expericnce at which fooceurs, we arg led to consider the sign of the partial
correlation ol carnings r,, oWhered < j < k. This problem i cquivalent to
determining the sign of the regression coctlicient of x, in 4 regression of x,
On x;and x;, which in turn depends on the sign of the determinant:

g le- v oo U:,—.tj U,xl g )

The carnings vartance and covariances in £ ciqn b decomposed into
variance and covariance componenis ot m (ceconomic <bility), w (slope of
the carnings profilc), and u (the random disturbance jn carnings) through

cquation 1. If we assume the random term I$ not present, then, as shown
n Appendix A D = ~(Opma,, — aﬁ,,,)(j -k - p)D (and thus Fij)
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is negative, unless m and w are pericetly correlated, in which case 2 = 0.
This result follows from the assumption i < j < k., and from the relation
Trom O — 0w = O @ (1 = 7)) > 0 (for 1y, < 1) IU verifies the intui-
tive argument that r,.; should be negative by analogy with the condition
re < Qil i < 1, < &k, when the vanances ot m and of residual carnings arc
zero, a conclusion that follows from the simplest OJT mode! illustrated in
Figure 1. The demonstration that 7, must be negative does not depend on
the existence of a eentral crossover time, Basically, it implics a systematic
difference in the parameters of the carnings profiles from individual to in-
dividual, which participants in the labor force are plausibly aware of whe
they make career choices. Nevertheless, we shall see that the crossover
feature of the OJT model is very uscful for determining conditions under
which ry., < 0 when random variations arc present, which is certainly the
casc in earnings data.’

Some restrictions on the autocovariance structure of the carnings
residual, «,, are required to draw further conclusions about the determi-
nants of the sign of 7., when we allow for residual variations in carnings.
In the remainder of this scetion (3.1), I retain the assumption of scetion 2
that the earnings residual is the sum of a random walk. v, and @ “white
noise” component, z,. In Appendix A T carry out the straightforward but
slightly tedious calculation of determinant D under this assumption, and
reach the following conclusions: (i) If there is no systematic dispersion in
the slopes of the eatnings profiles in this model, then o, and o, arc both
zero, and ry.; is positive. (i) The presence of residual carnings variation
tends to make it more difficult to obscrve a negative ry;, and may over-
whelm this negative component of the OJT mechanism. (iti) Given what-
ever residual variation is present in the carnings data, a negative value for
ru.; is more likely to be obscrved if carnings data can be obtained at the
crossover time, /., and for a given number of years on cach side of it

In summary, 1 present a simple qualitative test for statistical evidence
consistent with the OJT hypothesis that systematic differences in carnings
profile slopes exist. The testis to determine whether the partial correlation
of earnings at three different experience levels (74.;) is negative, The only
component in our modcl that can gencrate a negative Fi., 1S 0, the sys-
tematic variance of carnings profile slopes. Since the negitive partial cor-
relation may be reduced or outsveighed by variance components resulting
from random changes in carnings, attention is paid to carnings data char-

SThe relevance of lhe crossover assumplion when random carnings varialions arc
presenl becomes apparent if il is disregarded, and x, = m1 + 4w + 1, iS interpreled as a lin-
earized approximation of deviations from the mean carnings profile. with ¢ = 0 for the time
individuals enter the labor force, and the m's regarded as devigtions of the inlercepls of
the individual profiles from mean initial earmngs. In this aliernalive framework, very litile
can be said a priori aboul the sign or magnilude of a,,,. and there is no hinl of how
i, j, and & might be chosen 10 incrzase the likelihood of observing a negalive fix .
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acteristics required to circumvent this problem as far as possible. Tim¢
serics data on individual carnings or income are not &lhlln(ii.i‘ll[, i.”i(.' A
mijor reason for developing this lusi 15 1o p.m\'[(!c 4wy oj 'vL'“i_.\lﬁg
whether svstematic ditlerences in carnmgs prollle .slup:.x are prc.\cm \\.h(;n
only fragmentary time scrics are available {specitically. carningy 4 threg

points i timc).

3.2 Testing for OJT Lftects by Estimating o,

IFsuibiciatly rich time series data on individual Carnmgs are gyvyjl-
able, both the slope paramcter of the individual carnings profile, w, ypd
the constant, m. can be estimated from the simple regression:

(h X -omowi g,

and the importance of one or two standard deviations oi'. Woin Creating
carnings diffcrentials across individual carnings profiles s roadihy de-
termined. Furthermore, quantitative cstimates of the potential empirica)
significance of the OJT-generated systematie differeaces in carnmgs profik
slopes can be made. instead ol only the qualitative (est for slope difter-
chees proposed in scetion 3.0 abowve, The latter procedure leads to an
upper-bound estimate of the true standard deviation of w. The individual
ws are estimated from short time serics of carnings (in our work, seven
years), and thus contyin significant sampling variability, The variance of
these estimated w's js the sum of the true variance ol w and the Virtance
of the sampling error, Since the sampling variance depends on the length
of the individual time serics of carnings, its size relative to the trye
vartanee of w dous not deerease as the number ofindividuals in the sample
Increases.

Two alternative mcthods are considered for obtiining reasonable
cstimates of g, | the variance of the carings profile slope parameter. In
the first method. sample information on the autocovariance structure of
the carnings residuy] (1) is exploited without Imposing prior restrictions
on that structure. Sinee cconomic theory provides very little guidance in
the selection of such restrictions, the main advantage of this approach is
that we avoid sctting arbitrary ones. The main disadvanioge is thay it pro-
vides no basis for distinguishing between the sampling variance and true
variance of the w's. I the sceond method a priorirestrictions are imposcd
on the autocovariance structure of u, that are strong cnough 1o identiny
the true variance of the w's,

If the residual u's had constani variance and no autocorrelation,
OLS (ordinary leqs squares) and GLS (gencralized Ieasy squares) esti-
mates of the w's would be identical. Bug i js highly unlikely that the u,'
would have no autocorrelation. Henge, GLS cestimates should be ob-
tained, since they have less sampling variance than other lincar unbiased
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cstimates of the w's, and this property is important in getting a plausible
upper-bound estimate of the true o,

Regression equation 1 is rewritten in vector form for thic ith indi-
vidual, with carnings tinte scrics of length 1
(y X, = Z B, + u

Tx1 Tx2 2xI 1>

where x; is the time serics of a purson's carnings, 2 is the nonrandom
matrix

| | 1

7' =

T6T1..-T7 ,|J

and 8! = [m; . w;]. the constant and slopc paramcters of the ith individ-
ual's carnings profilc. It is assumed that the covariance matrix E(u;u) =
Q is identical for all individuals in the sample. From a theorem by Ruo,
approximate GLS estimates of the individual 8;'s can be obtained by using
the empirical covariance matrix of carnings

G = (1= )7 (x - Dy, — I

in licu of the true (unknown) covariance matrix of the disturbances, (. in
the GLS calculation.® Indeed, it is is not cven necessary to estimate the

6Rao’s theorem. (1967: sce also Norlén, 1975 and Appendix B to the present study)
states the following: Let the covariance matrix @ heve the form O* = &+ Zd/".
where & is on arbitrary symmetric positive definite matrix, and Qs the trae covarnance
matriv of the disturbinces. Then GLS estimators with © and % are the sume. A short proof
and other details are given in Appendix B. 1t follows from Ruo’s thecorem that the
empirical covariance matrix of carnings (* may be used for approximate GLS estimates,
since

n
E@) =0+ Z((n-1n"" Z (8; - B - 317
i=1
where E({*) is the expected value of 0* und Bis the mean of the 3;'s. Thus E(O*) satisfics
the conditions of Rao’s theorem.

For the formula for O* in the text, it is assumed that all observational vectors are
complete. Since the data base in most available time serics on carpings or income is
modest, the computations cannat be restricted to complete obscrvations, When there are
missing obscrvations, cach element of €% bas the form

njk
i (xi; - X - %)

(");, -1

wherc the sum is orly over the #j, obscrvations for which x;; and x;; are presen: (1 15 the
subscript for an individual). and the means X, and ¥, are also bascd on this same sct
of obscrvations. For simplicity. the slightly miskading but less cumbersome notation is re-
tained in the text even when there are missing observational dements. However. the
empirical matrix constructed from the incomplete observations is not necessarily positive
definite.

47



individual parameters wnd then u)‘ compiite l‘hcil.‘ L‘l'l]])irAic;[[ CoVariane
matrix. Instcad, we may caleulate lhl.?' last matrix (Iarcczly lfmn the simple
expression (7' Q% VAR 'I'hc]owcr rfghl—h;uuj corner of this 2 x 7 Nidtrjy
is our cstimate of @, , the variance of the pm_hlc slopys across mdividugly,
while the upper left-hand corner gives an estimate 0»1 e the variane, of
the individual regression constants at the crossover time”

In the absence of restrictions on 2, itis not possible to say how mnch
of the cstimated variance of ay, 18 duc to the true variance of i and how
much to sampling vanation in €; all that can be said is that this procedure
provides a rcasonable upper-bound cstimate of the true variance of i The
lower-bound estimate of a,, in the abhsence of restrictions is zere and s
attained if all the estimated variance is due to sampling variation.

In the alternative procedurc. it priofi restrictions arc imposcd on Q|
have already shown that the expected value of the empirical covarianee of
earnings E(Q%) = @ + Z& 2", where the components of the 2 x 2 matriy
@ arc assoctated with the covariance matrix of the 8's, ie., & = (n - 1!
2 BB Since Qisa T x T covariance matrix, and 4 is a 2 x 2 covar-
ance matrix, @ has at most (7 + 1)7/2 distinct paramcters, the same
numbcr as in the empirical covariance matrix, and & has ot most three
distinct paramcters. Thus, if cnough restrictions are placed on the piram-
cters of ©, it may be possible to identify the paramcters of &, and our
cstimate of @ would then be a reasonable estimate of the true covariance
matrix of the carnings profile paramcters. Our primary interest is in the
term in the lower right-hand corner of the ¢ matrix, since that parameter
1 identified as the true variance g,..

I'n particular, if the hypothcsis is maintaincd that the disturbance u,
can be decomposed into a random walk with cqual-sized increments ¢, and
a constant-variance transitory disturbance z,, then Q depends on two
paramcters, o, and o,.. We then have
(7 R =0,R + 0.1,

I'x1

. 7In lhc.cmp§ricanl work in the following section. the dependent variable s the devia-
tion of an individual's carnings an period 1 from mean virnings of sample members at
period 1. In lha! case, the means of the individual paranmiclers, w, and my;, cqual
zero. The GLS cstimate of the parameters for the ith individual is
Bi=AZ'@ ') 70 (, - %),

In my approximate GLS estimate, true € is replaced by 9% in this formula. The emptrical
covariance mairix of the 3'sis(n - 1)~! 2.0 BB Sinee

0% - (n - !)”IZ (x;, = ¥)(x;, - Ty’
it1

by definition upon substitution of the GLS csii 1 ‘8 8 70 p,
: ! , : ) -S estimate for 3, - EBE = (20 7))
is obtained as asscricd n the text, ) cerde=h iy =21 7
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where Ry is the “random walk matrix™ whose ijth clement r; is the
smaller of the numbers (i, j) and I7is the T x 7 identity matrix, with a
diagonal of I's. Thus the covariance matrix of carnings depends on five
distinet parameters (the two from 2 wnd the three trom @), and it is pos-
sible to identity o, if 7> 3. fu section 4, 1 consider several other simple
restrictions on the parameters of € that mike it possible to estimate o,

4. RESULTS FROM STATISTICAL CALCULATIONS FOR OIJT Errecrs

The empirical results discussed here are based on cohorts of wen.
Within cach cohort, there is little variance in age (and presumably, in
years of post-school cmployment cxperience), and all the mewmbers have
the same level of schooling attainment. Most of the caleulations reported
here utilize subsamples of the Swedish Low-Income Conmmission Study
(Laginkomstutredningen: LIU). for individuals bora between 1936 and
1941. The schooling attaimment subsamples include graduates of the
Swedish clementary school ( folkskole) who terminated their formal «d-
ucation approximately at age 14, folkskola graduates who then had some
additional vocational training, graduates of secondary school (realskola).
and realskola graduaies with additional vocational training. Samples for
gymnasium graduates or those with academic or protessional degrees were
too small for study. Taxable income appears to be an adequatce surrogate
for earnings for the scgment of the carnings profile I analyzed. The taxable
incomes are divided by the Swedish consumer price index, and the time
index on which the carnings regressions are calculated is based on age
rather than calendar year in which income was received. This procedure
neglects the possible cffect of annual increases in labor productivity for the
Swedish cconomy. It is assumed this factor can be disregarded for seven-
year cohort data. It is also assumed that within schoohing levels, age is a
good proxy for post-school employment experierice. Taxable income data
for 1951-1966 (cxcept 1959) were obtained from ofticial Swedish records,
The regression calculations were begun at age 22. Eurlicr than that, there
is enormous noise in the taxable income data because individuals with
schooling below university level usually fultill their compulsory military
service when thicy are between 19 and 20 years old.

4.1 Differences in Earnings Profiles within Schooling Attainment Classes

We consider first a serics of alternative estimates ol ¢, which is the
variance of the slope of the earnings (taxabic income) profiles about the
empirical mean profile for the cohort of elementary school graduates in
the regression equation:

" Xy — X, = My owil o+ U

where ¥, is the empirical mean at time £
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Forsct A of Table Foa simple OLS fordinary least .qulura_ﬂ fSFFCssi(>ll
was run for cach individual, and the means ;md' standard dc\'lftll()rls of
\\';fc calealated for all individuals from lht'; c:ilnnu}cd rc\urc_\.,,(,,, PaTam-
eters. Only observations for which taxable lllg)l]lc m. the pﬁrlmi c.\L‘cctvlc.d
5 000 Swedish kronor {Skr) were u'lcludcd. ihe mu.)or detect ol OLS
ll.ml it takes 10 accountol the covariance slr.uclurc of uy. ill](l' lh;.sl.lc;lds o
unnecessarily large errors in the estimates ol‘m and woan the indwidog]| e
gressions. As a result, the caleulated value .ol T lcml§ to be exapgerated.

" Qet B consists of three approximate GLS regressions buascd on Rao's
theorem, using the empiricil covarlance of eiarnings

n

0 - "LTZ (x, — O, -

n - =1

In section 3 it was shown that F (%) satisties Rao’s theorem. Tt Was
argiied there that these estimates provide the basis Tor an upper-houng
cs(inmlc for the standard deviation of w across individuals, sinee it is not
possible o distinguish the sampling variability of lf“.c C,\'Ilm.illcd w's from
the variation of the true individual w’s. However. these estimates shoulq
be superior to the OLS estimatces, since we expeet the sampling variance
of the estimated w's to be less with GLS. In the three regressions in this seg
itis required that individuals have respective taxable incomes > 5.000 Skr,
> 3.000 Skr, and > ¢ Skr, in order to test whether a truncation point for
taxable income seriously modifies v,

In set C. four alternative restrictions are imposed on the coviriapce
matrix of the disturbances, 2. in an attempt to distinguish between the
true variance of the individual profile parameters and the sampling
variance. In the first three cases it is assumed that w15 a simple moving
average of independent disturbances e,: in case CI, w, = Xe,: in case (2.
u, = Xe, + fe, pandincase C3,u, = Ae, + e, + Ye, ». Incach cuse. e is
assumed to be normally and independently distributed. with zero meun
and unit varianee. In the last case, C4,u, v, -~ Xz, where v isarandem
walk: v, = Z,'f,‘“' Ye.i both ¢, and z, are normally distributed, independent.
and have zero mean and unit variance. The explicit form of @ for €4 was
given in equation 7, with A = 4. and ° = a,,. The form of the covariunce
matrix of earnings is assumed to be Z d: 7' 4 . where the 2 x 7 matrix 7
has already been given. following equation 1. The lower right-hand ele-
mentof the  matrix, @,;, is tuken as the estimate of o, . conditional on
the a priori restrictions an © *

*The parameters of $ and 2 are estimated in thic stady by waghted OLS by regressing
the 2% clemenis of the triangalar portion of the matrix (excluding those abos e the principal
diagonal) on the corresponding clements of 1he parameterized alternatives of /7 - 1)
The weights are the nimber of observations available for estimating such covarance trm
of ©*_This procedure for astimialing the set C paramneters is extremch crude, und future
rescarch should atterpt 1o develop maximum likclihood estimates of the restricted model,
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Table | contains the results obl;u’ncd .t'mnh].thc dx'ﬂ'crcn! cslim;uing
procedures. The most important CSF”"‘_'[“ .lm.[ 1.?..\(%::1? lric .lo.r l'hc sm‘n..
dard deviation of the carnings profile slope, . over trdividuals, The dif.
ference between the OLS and cO_rrC-\PL_)"d.““r' ('[‘ 5< C-‘“”’_-‘-”S‘S (“f-\'_l two
entries in Table 1) s smalf, and it is un.lka_\. that it is Statistically sign .
cant at conventional significance levels for this c.uhor(.. H\o_\\'cvcr. the GL§
estimate is the smaller of the two, as expecied. See GLS is more eflicien
than OLS. The level at which the income series is truncated (set g esty-
mates) makes little difierence ilLthc result. .

The set Cestimates for v/, areall sm;llk.-r than those for sers and
B, again as expected, since the mc[h_od by \\_-hlch (h.c set O estimates are
obtained is intended to result in a dircct estimate of the (rye variance of
the w's by explicitly estimating the residual process parameters,

If, inyscl B, we take one standard deviation of difference in the profile
slope for five years, for only those with taxable mconic > 5,000 Skr, we
obtain a change in relative incomes of 2,750 Skr empirically a substangiy
difference. However, this estimate is a reasonuble upper bound. because jy
mcorporates the sampling variation in the #'s. The random walk estimate,
C4, provides a corresponding five-yeir effect of 2.400 Skr, which is st 4
fairly large empirical dificrence. Since the set Cestimates attempt to alloy
for sampling variation, the reader may find them more persuasive,

Three sets of estimates of the standird deviation of the regression
constant arc provided, corresponding to three different Crossover ages,
since, as was pointed out in section 3, the value of the constant depends op
the origin of the time vector assoctated with taxable income. T COT-
respondsto s = t. = 0 at age 22 the first term in the income profile data
used in these calculations. There is no basis for assuming that Crossover ¢,
occurs at this young age. Indeed, the estimated covariance of w and w,
Gum» is substantial and negative, contrary to other theoretical considera.
tions and dircet empirical evidence that the correlation between ability
and the slope of the carnings profile is positive (sce, e.g., Hause 1972,

In Table I, n* corresponds to crossover at age 24, and p** 1o age 27,
Evenfor s, = 0at 24, the covariance term is, with one exeeption, negative
in sets 4 and B, although it is very small (and probahly not significantly
different from zero). This result may be inferred from the magnitude of
rums fOr sets 4 and B in the table. However, for crossover at age 27, all the
Teme+ cOetlicients are positive. and exceed 0.6.

Set C estimates of the standard deviations of mom* and m** are sub-
stantially different from the corresponding A and £ estimates. This dif-
ference may reflect identification problems in an adequate parametrie
specification of ¢.° In that case, it is very doubtful that the set ¢ estimates

One complication arises an the case in which @ | assumed 1o be the combinaiion
of a random waylk and transitory disturbanee. Since the data do not pick up the tavable

)
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of 7, arc relevant. 1t is interesting to note that the sct € estimates of
Foms Fumes and 7m0 change from negative values to large positive ongs, as
¢, is assumed to oceur at ages 22,24, and 27. respectively '

Since the method used to estimate the set C parameters is very crude
(sce footnote 6), it is desirable to determine whether the estunated param-
eters of the restricted residual covariance matrix @ are reasonable. The
square roots of the estimated vartance components of & may be mter-
preted as standard deviations of the random variables gencrating the 1n-
come disturbances. The contemporancous transitory deviation varics from
1,320 Skr (second-order moving avcrage modcl, C3 to 1,060 Skr (moddl
with random walk and white noise, C4."" These two standard deviations
arc 13.0 pereent and 10.4 percent, respectively, of the mean income of ele-
mentary school graduates at age 26. Transitory income disturbances of
this maguitude scem possible for young male workers in this age interval.
V3., the standard deviation of the increment of the random walk in €4,
is 660 Skr, which is 6.5 percent of mean income at age 26. Reasonably
¢nough, the transitory disturbance has a substantially larger standard
deviation. That estimate of Vo, can be compared with one obtaincd by
Fase (1970). who reports a standard deviation of about 3.5 pereent of
mean salary for elementary school graduates in his statistical study of
salaried white collar workers. Fasc's estimates arc based on data for two
adjacent ycars for white collar workers of all ages, and he assumcs only a
random walk disturbance. Given his sample, it is not surprising that he
obtained a smalicr estimate for Vo, for Dutch workers than mine. Stll,
the Dutch and Swedish cstimates are sufliciently similar and the size
plausible enough to suggest that the crude technique used for the set €
estimates yields reasonable results.'?

income probile at the beginning of fabor force participation, it scems plausible that the
random walk for the initial data point will bave alrcady progressed to a level wiere the
variance from the first (and subsequent) years should augment {2 by w1’ (In this for-
mula 1 is to be interpreted as a T-dimensional column vector of 1's) But g cannot be
identificd. since ul1” cannot be distinguished  from &y 117, Hence the estimated @y
cannot be assumed o be a good estimate across individuals of the variance of m. the con-
stant paramcter in the regressions of (17). in specification C4

0]y should be noted in passing that the estimated ryn, from (4 is +0.98 if the
true crossover is assumed to oveur at age 32. This value scems unrcasonably bigh for the
correlation of the ability level with stope. 1t crassover is assumcd to oceur at ages 25
or 26. more moadest positive correlations are abteined that seem morc plausible for indi-
caiing an cstimate of crossover age.

1 The corresponding deviation for the white noisc model (C1) 1s 1,200 Skr. and for
the first-order moving average model (C2) it is 1,270 Skr. The tirst-order lagged deviation
for model €2 is 570 Skr: for C3. it is 660 Skr. The second-order lagged deviation for
C3is 440 Skr.

12 An unsuccessful attempt was made 1o compute similar estimates for two additional
cohorts of individuals with higher levels of schooling attainment. The samples were very
small, and the GLS procedure yiclded larger estimates of the profile slope variance than
the OLS cstimates. This anomalous resnit is due to incomplete observations vectors for
computing the empirical covariance matrix of carnings. Appendix B shows that the differ-
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Finallv, we consider o sprinkling of cstimautes of partil correlation
uwllicicms.nfinunnc orcarnings, oo where the time indeses sutistyv the
condition i+ j. A A major purpose of seetion 3.1 m the dircission of
statisueal testing of the OJ] hypothesin wis 1o develop o procedure th:n
could be nsed with Iragmentary carnings profile dub (consisting ol carn.
mgs for at least three different points long the profile). T he purpose of
.- - lh.c test was to determine whether anyosystenmatic OJ1 effects that nught be

present in the daian were strong cnongh (o m'cr('m.nc the cﬂ‘cgl u!' the
stechastic residual earnings variable, . thereby viclding 5 stgnilicant
negative sign for the partial correlation. In the discussion lh«..-rc. .i( Wi
concluded that under severul speeticitions, the best opoortunity for oh-
serving et OJ1 effect (e, negative ry ) ocenrsal Joand A are on op-
positc.si(lc.\ ol and 7~ 1. Several sets of parteal correlations computed
from afew atternative ssmples e shown in Table 2

The partial correlations for the first two SEMPIES are inmost enses
based on very small numbers ol observirtions, and are ereatic. Most of (e
coctlicients are positive, andd they do not. ay 1 whale, provide support for
the supposition that gross OJT efleets are strong criough (o ontweigh he
random residugl varizhility in carnings. Sample 3 provides stronger SUp-
port for OJT effects within schooling attiinment clisses, Reelled ful)-
time carnings data may have some error in mesirement. but recalling
may cliectively reduce the IRINSHOTY Carnings variations that tend to mysk
OJT eftects. The prarmetric approach of estimating standsird devintions
of carnings profile slopes is obviously more appealing for determining the
potential empirical significance of OJT. but turther apphication of he
partial corrclation test for the potentiat existence of net OJ T clieets may
be worthwhile for fragmentary cohort dita Ot carnings,

The neg:tive partial correlitions do not prove the existence of QJT
cficets {including the possible effeer of systenatic differences ocep-
tional profiles, of course). but they provide evidence that the carnings pro-
file siopes differ systematically within schooling attainment classes, To the
extent thata sample member could anticipate these systematic differenees
atthe time he entered the Eibor force, it would be expected that he would
have tiken them into ‘weount in considering the relative atractiveness of
different eareers,

eney between the OLS and tie GLS dispersion manees of the twy carnings profile
pacameterns postive semidelimte if complere chservanon veetons ape present, and this
result holds for horh lirge and smalt stmples, Ap empt to obtain ostinmates tor other

sehooling Jevel analogous to the et Cestimates was glae unsuccesstul, probablhy agn
beciuse ot DUSNIIE observiatiypy,. -
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FABILLE 2
Partial CORRETATIONS O FarNinGs (OR INCOMEY AL DIFEERENT AGES
anD LEVEDS OF SCHOOTING A TETAINMEND
(F1GE RES IN BRACKE IS AR NUMBER OF (BSERY ATTONS N SAMPLn:
I SUBSCRIFES OF 7 CORRESPOND 10 ij- A}

E duecational
Attunment

Sample |

Folkskola "17,28.22 F18.28.22 0824 20824 TI428.26
--.004 RS - 036 016 039
[12] 23] 47] 2 [56)
Folkskola and '31.28.26 F132826 F14.28.27
vocational schouol 004 173 -.504
([ [14] [14]
Realskola A8 2R 20
176 RN
{71 [10]

Realskoix and £21.28.25 7242826

voeational schooi 007 97
TR} [15]
Sample 2
F olkskola plus "17.31.0 F27.34.30 7263931 RRERA
folksk ola and 385 A2 - 108 90
vocationat school {156] 1114j 92] (90}
Reabkols phis fg A T263930 0 72639350 TW03938 0 MW7
realskola and 220 I8 - 599 0% 32
vocstional schoot [2%] [16] [16} 1151 16}
Sample 3 T63,55.60  "60,50.53
Nonhigh school -.082 2660
graduste i60]
High school graduate -.346 - 023
17

Some college -.046 -.04
(54

College graduate 049 020
[70]

College graduate, .34 —.183
two or more degrees [47]

Source: Sample 1 is from the subset of LIU dita used i Table 1. Sampic 2 s from
another subset of the LIU sample of mep born 1924 1928, w ith income data collected by
Erikson (1970), Sample 3 is from data collected by Daniel €. Rogers. mostly on Connecticut
cighth graders in 1935, The partial correlations are from recalled full-time earmngs i 1966
for 1950, 1955, 1960, and 1965 The subscripts on the partial correhations in sample 3are for
calendar year, not age. Assuming cighth graders are about 14 years old the correspanding
partial correlation subsenpts Tor ape wauld be roughly 3434 39 and 19,2429,

4.2 Compensatory Effecis of OJT on Lifetime Relative Earnings

As 1 discussed in the Introduction, the sccond mujar implication af
the OJT model concerns the passible compensatory role played by OJT in
reducing lifetime relative carnings vartability comparcd with cariings
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variability in a single year. Crude estimates of that effect can be obtained
ustng the Rogers sample. In the model developed in section 2, lh_crc are
two factors that tend 1o make the standird deviation of the togarithm of
discourted litctime carnings smaller than the corresponding deviation for
a single year. Onc is competitive behavior, which tends (o cqualize the
cconomic returns from carcer choices with carnings profiles of differeny
shapes, as exemplificd by the OJT modci. The other is random variation in
the profile duc to transitory fluctuations. The latter becomes relatively less
important since it tends to be averaged out in the compitation of dis-
counted hfctime carnings, which is a weighted average of single-year carn-
ngs. The relative importance of the two cannot be determined unless est-
matces of the variance of the transitory component are available. Howcever,
the transitory random term is expected to be small in the Rogers sample
because it contains data on full-timc, not actual, carnings. The main defee
of the sample is that the carnings data approximately span the ages from
29 through 44 years at five-year intervals. Although most members in the
sampic had their civilian carcers delayed because of military scrvice d uring
World War I, & much better test of the potential OJT cffcets coulid be
made if carnings data were available beginning at age 25 for the college
graduates, and cven younger for those with less schooling. Specitically, |
cxpect this data limitation reduces our ability to infer compensatory OJT
cffects.

Table 3 contains some estimates of the standard deviation of the
natural logarithm of carnmgs at ages 29 and 44, and the standard devia

TABLE 3
RELATIVE VARIABILITY OF ANNUAL AND Discousyep EARNINGS

Standstrd Deviation of
Natural Logarithm of Earnings

T e N 111 o
Discount  (Col. 9 Less
Nooot T - Col 3y
Schooling Obscrvations  (Age ~ 29) (Age~dd) 4 go Col. 3
Attainment (1) (2) R)} 4) (3 (6)
Non-bigh-school
graduate 35 257 254 20 244 17
High school graduate 15 R 387 281279 2
Some college 50 437 She A0 396 n
Collge graduate 63 35 A52 33533 26
College gradusate
(2 or more degrees) 46 627 S8 A77 473 8

Seurce: See Source note 1o Table 2 for sample 3,
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tem ol e nadural Topanthm ai the diseannted s ol the avinbabile data

o~ H
ancatmpes abadd pereentand an 3 pocentannual vate e

)

o | T
top Z o

(o

Flie prrocedure is cvade, ot the resulbts are very suppeshive bnoevery vine,
the Top ab the dncornted sum i lower standand deveation than 1950 o4
1905 cataingps (lor exaonple, e calumn G ab the tahte)

oo well hnow that sipntlicance test tan dbiltercnees e vinanees
hased on nonnal vioates e very seasthive ta depabnes frame pormality
I therefone adopt amare tobnst ek kmte procedine, proposed by Maller
(196%) Tle snppests hasip the test on estanates al the lopanthm ol the
viretnee cathier than the vioncmee ssell Fabile deontans the pachhte esty
mates of this statshe o 1905 Tap canmmps and for the dop ab commmpe s dee
sonnted at b pereent tor cach ol the sehoalimge classes Bor canpanisan, |
also present the carrespondmg fedl cimple cstumates ol the top ot the
vareinees, which are shphtly smadler than the ackhnde estimanes. As ane
would expect frons Fable 40 the disconmted cammgs statetics are all adpe
beally Tess than the 1907 statisties,

The satepies ane of modest aze o canvenbronn! one at ahime, one
tuled 7 tests with oue depree o lieedonn, the nadl hiypotheas moeected at
the S pereent level anly for batlc b schoal and callepe paidites Fasher
(L9SX, pp. 99 LY Bias proposed a poaled test The watueal fopanthn ol
the sipahicinee level for cacl sehooling leveb s taken Fhe sin at these
over schooling levels mnhphed by ¢ 2) vields oy value of 24 wath 10
deprees of freedom (twice the rumber al schoolmg levels), inned ot s hiaphily
sipnficant at the s pereent level Feanclude that the vinianee ol ihe lags
nthim o discosnted cammps oosprmbeantly swadler thoae the correspuond
g varranee for the lop ol carmmps m 1905

Y he Roges bt swere purped ob extieme canmngns obisenvanmin e whak e fonmal
st o the anmial nd disconnted canmg leasible: Maliee (1904, 5 1Y paovidics an
expheit warmng that the jackknde s ner o techngne b casechng outhers Ruopes
Bonaelt asd estinated discounted Dietune cmmngs by gapaiing cammmys for yonnges ages
and 29 yeans and makig an mvolved extapolitien tor ages ievond B Bhe aganation
Lar the younper years withi schonbge attanment claes conssted ol an approsimicny
combant term anded o e sim o discounsted catmmgs e wlneh mdnadual dars weee
avatlable These estinnates se mappropriee loe oo e, e the procediee by wineh
ey are made s thie resalte By pakang the varnee ol the dog ob afrcomted carmgs
arller e the varenee of e Tog an that porton o the cangs proble e whioch dana
ate avaalalile Thie ceasom o that ol v, s the kpown porton of abe drconnted cagnmgs
prestide, ten e vananee and standand deviaian of fop o Tger than the varanee
and stanedaond deviatiom of fop 0y, b el wherd coe the approsasateh camiam positive
wnpated tenm Flenmntn ally, this ocams iecaose the logoisan maeaaing bt convey fam
o, aned addimg et each v sgeeses” e tanstonmed valies Tog Gy b chockoe topcther
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y TABLE 4
') JACRRNIE Estvares axp Stonirtcasnce Tesis FoR 2IFEERENCES
: OF LoG VARIANCES OF SINGUE-YFAR AND DISCOUNTID FARNINGA

T D STANDARD Divianions
(FIGURES N PaARENTHISES ARE ESTIMATED STANDARD Di )

Juckknife Estimates Fuli-5ample !'\‘Um:llc
of Log o° af Log a-
S i A - Dep. ot
Schooling ) Doy )
»\n'unmcit 1963 4°, t Test Freedom 1965 4

‘on-high-school
N;‘:aéllil,]w“w -27) 3100 14 108 B RX REE

High school

graduiane --2.05 -2.52 1.87 22K -2.06 28y
(0.18) (0.18)

Some college —1.28 -1.77 .04 98 BIRE — 183

) (0.30)  (0.36) ]

College graduzte -1.57 =217 235 124 - 139 ERRTT

o (0.17)  (0.18)
“ollege gradute
‘ ‘)]_’k«t\-rLlimc -1.30 -14d6 0.57 90) - 1.31 ~ 145

degrees) (0.16) 0.23) , o

Source: See Source note 1o Table 2 tor sample 3.

5. PosSIBLE EXTENSIONS

The cmipirical results reported inthe preceding section provide cvi-
dence consistent with two impoitant implications of the QJT hypothesis,
First. rcasonable upper-bound estimates of OJT effeets were obtained thyt
suggest substantial systematic dispersion in carnings protile slopes for
workers in their twenties, even after controlling for cducational attain-
ment. Sceond, one saimple provides cvidence that discounted lifctime carn-
tngs vary less than single-vear carnings, a finding compatible with the
hypothcsis that OJT has a compensatory cflcet on lifetime carnings. Both
features reflect significant structure in carnings profiles that cannot be
dircetly observed in cross-sectional data, and illustrate the importance
that longitudinal data have for uncovering the covariance structure of
carnings. However, much remains to be done in verifying and extending
these results, provided appropriate longitudinal daty scts that cover the
fife cycle of earnings more completely and that provide more information
On personal characteristics that affect labor mark et productivity .

In the mode) devetoped in section 2. the paramicter m measures carn-
ings at the crossover pointin the absence of random variation, and it was
assumed that m is correlated with cconomie ability (carnings potential),

Bt would also be wseful o 1est dircetly for positive correlation of the estimated
w's with 4 specific measure of cconomie abiliny, A signiticantly positive result. would help
explain my carlier tinding (Hause 1972) that the cffect of abdity on carnings becomes
stronger with incrc:lsingjnh CApericnee,
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Itis not easy to test this assnmption directly cven i an adequate inde-
pendent measure of ability is available. The age at which crossover ocenrs,
7., is not observable, and i the present study inferred this age by re-
quiring a modest. positive covariance of nand w. 1 was led to this by the
assumption, bascd on an carlicr study of mine (Hanse 1972). that there s
a modest positive correlation between measurcd ability and the slope of
the carnings profile. Since the value computed for m depends on the age at
which crossover is assumed to take place, a test for the carrclation of the
calculated m and independently measured ability docs not provide a very
convincing test of my interpretation of m because the reguirement that
. be positive had alrcady been imposcd. The exact status of the cross-
over coneept for future work is not very clear. To the extent that there is a
central tendency for carnings profiies to cross cach other over a relatively
narrow interval ot job expericnce, the concept appears o be a convenient
construct. The results of the test for a negative partial corrclation of cam-
ings as evidence of OJT ¢ffects, develaped in scetion 3.1 indicated that the
crossover characteristic is usctul for determining points along the carmngs
profile where a negative partial corrclation is most likely to occur. It
would be worthwhile to consider additional statistical procedures to char-
acterize the extent to which there is a ceutral interval where the profiles
CTOSS,

Another topic for future rescarch is the rclation of personal char-
acteristics to diffcrent earnings profiles. In most empirical work, carnings
or the logarithm of earnings for a single ycar are regressed on a setof ex-
planatory variables including somc function of vears ol expericncee unless
the variance of the experience variable is very low n the sample. These re-
gression functions provide some insight nto personal characteristics asso-
ciated with carnings, but they do not take mnto account that these char-
acteristics define the potential earnings profiles available to individuals,
not just the carnings for a single year. For cxample. the availability of
financial resources o be invested in human capital or of personal abihtics
are both characteristics that affect the feasible wmvestment strategies by
affccting both costs and returns, A simple analogy with financial invest-
ments illustrates the point: Even if two compauies have the samie carnings
per share, their price-carnings ratios can stll difier greatly becanse in-
vestors” expectations about the prospects for futurc carnings are different
for each. Similarly, two persons whosc carnings are the same at a particu-
lar time may have very different carnings prospects. Howcver, the scrial
correlation of personal earnings is presumably substantally kigher than

The tendency for the ubility cocflicient 1o become stronger with work expericnce could
reflect a steeper slope of the earnings profile for 1bose with greater ability, as is suggested
in1 the text. It is also possible that the profile of more able people continues to rise over
a longer interval of time as they successfully demonstrate their superior capacity through
job performances and becomne eligible for further advancement.
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the serial correlation of company carnings: so one year of carnings daty
for an individual may have greater prediciive power than one year of com-
pany carnings.

A final problem that warrants more studyv relates .l() the strong
assumption that the covariance structure of u-.u}/uu/.curn.mgs {alter ¢x-
cluding OJT ability) is the same for all members (.)i a given schooling
cohort. It is presumably better to make this assumption l.hzm to carry ou
the estimation of the carnings profile slopes as if nothing were known
about the covariance structure. which is the tacit assumption in QLS
estimation. Still. 1 expect there is some difference in the residual covyry.
ance structure. depending on oceupation. personal characteristics. or both.
If sufticiently large samples are available. it would be desirable to eval-
uate the differences that may exist in the residual covariance matrix. This
matrix is of great interest in its own right. since it is our estimate of the
risk and uncertainty in the earnings stream faced by individuals once we
have accounted as thoroughly as we can for systematie structural evoly.
tion of earnings the individuals may be able to predict.

University of Minnesota ang
National Bureau of Economic Research
Submitted December 1973

APPENDIX A: TeCHNICAL NOTES ON TESTING FOR OJT ErrecTs
FROM PARTIAL CORRELATIONS OF EARNINGS

Negative partial correlations of carnings (ry,. where j < j < k) pro-
vide evidence of systematic slope differences in individual carnings pro-
files consistent with the OJT model. In this appendix I outline the formal
arguments that determine the conditions under which ri; < 0 is most
likely to be observed. 1 commented in section 3.1 that the sign of rix.; 18 de-
termined by the sign of the determinant p = (G Oyy — Ty 0,00 y)
where the o’s denote variances and covariances of earnings in periods i,
J.and k.

Given equation 1 in the main text for individual carnings. the covari-
ance of carnings for periods g and h (which may be the same), is

(A']) U.xgx,, = Opm + g;zauu + (Q + h)amn' + a“'g”h‘

where g, O, and Tup, ATC the variances of m,w.oand u;: e, and Tugup
are the corresponding covariances: and the time origin is at the crossover
point, 1. = 0. Substituting the terms from A-1 int the determinant D.
we obtain

(A-2)  p -

(Zi) —(Um,,,O'.‘.,- - Uﬁm)(.i - “)(1‘ - j)

360




uh

(b) +Umm(6u‘:uj + oufuk - au‘-ul- - Uu}-yk)
{C) +an[ik6ulul + j(jau‘uk - kau,u} - “’u}uk”

() (2o + G5 Ko, G Koy, = G+ o]

(C) +(quu’au‘uk - Gu‘ulgujuk)

In the abscnce of random disturbances. w,. only term a in cguation
A-2 is nonzero. and the main text shows that this torm s necessarily
negative unless there is perfect correlation between mand w (or unless
G OF O 18 £er0). IU s necessary to impose some restrictions on the
autocovariance structure of the i,’s inorder to deduce further conclusions
from cquation A-2. In this appendix 1 assume that u, has the relatively
simple structure i, = y, + Z,. where y, and =, are uncorrclated tor all
g and A, y,is a random walk. and z, is & white noise. 1.¢., has zero auto-
correlation. With this specification. Ougup = Trory torg < I Ouu, = Uy,
-~ for g < h. Under these as-

Oz, For the pure random walk. ¢ < Oy
sumptions we obtain from cquation A-2:

(A2) D=
(il’) —(O',,,,,,Om‘. - Urlnn)(j - l)(l\ - j)

(b)) +opm + ko + (0 + K)om0y,

(C') +6“W{I‘(I\' - j)a,r}-\} + J(l - k)o_\~,_1"—}
"'O'mw[(j - k)ayi,r,- + (l‘ - J) Uy’y’»i
(d") +0,,,,02z

It was established that term @' is negative. !only the whitc noise
disturbance z, is present, then it is necessary o determine the cffeet of
component b’ on the sign of D. and thus of ry.;. The first term of the
coefficient of Ty is 0, Which is positive. It 7 <j = 0 < k, the sec-
ond term of this coctlicient is negative. and achieves its maximum valuc
for a given time interval K — i when 7 and & are cquidistant from 7. ic..
when |i] = k. For these values of 7 and &, (7 + k)a,. = 0. Thus the
opportunity of obscrving a negative ry.; is enhanced if we have j = 0 and
li] = k. These circumstances should maximize the probability of detecting
the influence of OJT with a white noisc.

On the other hand. if only the random walk disturbance y, is present,
then it is necessary to determine the clfeet of component ¢’ on the sign
of ri.;. In ¢’ the coctlicient of @, must be positive, since for a random
walk 0y, > 65, for j > i. Wc¢ have already indicated why o, is cxpected
to be positive. Thus. the sccond term of ¢ is expected to be positive. The
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first term in ¢ iy obviously negative if j = 0 and ¢ « Jo< koA stronger
asseriion can be made about the first term of ¢ iff the uncorrelated randon
shocks ¢, that generate the random walk have constant varianee @, Wi,
this »dditional assumption the cocllicient of g, in ¢ 15 1,,.(1.' - ik - e, .
where 1y is the period of entry into the labor foree, 'I!n.x mct'hcicm is
clearly negative for ¢, -« j « J < k (remembering that fy I8 negative). ang
the magnitude of the coeflicient is maximized for g gn-'cn !||11¢ interyyl
kK —dithk~j=j -1 Finallyv. the term Ty, s,z Which s neeessarily
positivec appears if both random walk and white noise disturbanees are
present. .

This analysis leads to the conchision that the likclihood of obscryving
T, < 0 iy gl:c;l{c.\'l for a given time mntervil I\'. ~ il - 1= ()
(1] = &. The obstacle to obhserving the negative partial correlation stems
from the positive terms

).

ity

U,,,,,,U_.}:‘I, (7"‘.‘!7_-1_,], ;lnd Umn(k -/ )(U‘}rl - a,

The last of these terms may not be very important jf O Is small. |y
can be observed dircetly from cquation A-27 that it there is no sVstematic
dispersion in the slopes of the carnings profiles, T and a,,, dre hoth 7T,
andry., = 0, contrary to the implication of the OJT part ol the mode).

Whatif the antocorrelation structure of i, assumes some other form?
Itean be shown that as long as the log of the autocorrclation function i
convex. r, = 0 g, = 0, ic. if the profile slopes do net difter sy
tematically,

APPENDIX B: AN APPLICATION OF A THEOREM rOR BEST LiNEar
UNBiasen Estivartion op REGRESSION COEFFICIE TS
IN THE CORRELATED C ASE
By UrBax Norrpx

An application of a thcorem by Rao (1967} for generalized least
Squares (GLS) estimation is shown to facilitate the procedure for esli-
mating a sct of regression coeflicients. GLS estimation in s original form
mvolves the disturbance covariaree matrix, which is unknown here. With
Rao's theorem as o point of departure we sclectanother covariance malrix
and usc it in place of the disturbance covarianee matris. The replacement
matrix is sclected from g class af covariance Matrices as given by the
theorem and with the property tha they all leave the GLS estimates
unaftected.

I. THEORY
We consider the generalized lineyr regression model

(1 Yo= Z3 4+

I Txppxi Ixi

362




where pis the observation vector on the dependent vanable, Z is @ given
observation matrix on the independent variables of rank p(- 7). 3 1s the
vector of parameters to be estimated. and ¢ 2 disturbance vector: y has
the mein vector and positive definite covarnance matrix
(2) E(y) = Zp
3 E{y — Zo)(y - Z3) =
respectively. We shall be concerned with the GLS estimator
4 b=(Q'72)y' 2y
of B, which is the best lincar unbiased estimator (BLUL) with covariance
maltrix
(&) Eh — )b -8y =(Z'Q '7)!
Oue difficulty in employing this estimator is that the matnx £ must be
known, at lcast up to a factor of proportionality. This knowledge 1s often
hard 1o get. In practice, therctore, this problem has often led to use of
the usually less efficient least squires (LS) estimator
(6) b =(Z2'Z2) ' Z'y
with covariance matrix
N E(B° — B)b° - B) =(Z'Z) ' 2'Q2( /7))
which in gencral is larger than (5) in the sense that the difference between
(7) and (3) is a positive definite matrix. In some of these problem situa-
tions, however, the following theorem by Rao {1967) may be used v ob-
taining GLS cstimatcs of g although the disturbance matnx sull is un-
known. When Z and Q are of full rank the thcorem may be stated as
foilows.

THEOREM (Ruao 1967): Let X bea T x (7 — p) matrix of rank
T — psuch that X'Z = 0, and let Q* be a matrix of the form

8) QF = Q@ + ZoZ' + QXY XL
where ¢ and ¢ are arbitrary. Then the GLS cstimator with 9% is the

samu as that for Q.
If the matrix

9 A=1+2'0"'72%Q

is nonsingular, a simple proot of sufficicncy may be given. Consider the
identiny

(10} Q-0 - QF = (T - DQF = (Q7Z07 + Xy X!
Premultiplication by Z° gives after simplification
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(1) 0T =+ 7' A VA VRN AL

(12) VAL VAR BV AV

Postmultiplication of (12) by Z. und inverting

(13) (Z'Q* ') = (20 7y b,

which combined with (12) establishes the relation

(14) (Z'Q 1Z2) "7 20y Ly '

i.c., the GLS estimator with Q* and that for © arc the same.
In passing we notice that an important class ol covariance NNt ices

is defined by (8) with @ = 2/ For these covariance matrices for GLS
and OLS cstimators are the same.

2. Application

In the application of Rao’s theorem to the present study, the ob.
served income matrix

(15) S = D -y

15 used in place of Q for making approximute GIL.S estimates. The ey
peeted valdue of this matrix

AY
2 B8l 74 0

. - !
{16) ES) =7 N1 -

belongs 1o the cquivalenee class (8) that was shown 10 Jeave the GLS
estimates unafieeted.

The expected difference in the variability of the OLS and approximate
GLS parameter estimutes can be shown analyucally. One measure of the
ditference is

!N N
(17) D = ﬁ(Z LAY h,h,'>
- i=1 /

/ i=]

(Z'Z2)'7282(7'7)" _ (Z's'7zy .

where 4] is the OLS estimate, given in equation (6). and b, is the approxi-
mate GLS cstimate, of (he regression cocflicients for individual i. This
Matrix is in gencral 3 positive detinite matriy
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