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Abstr act

Thi s study exanm nes a cruci al assunptionin nmuch of the recent work
on endogenous growt h, nanely, constant returns to scale in the
production of human capital. Asinple nodel is constructedto show
that the returns to scal e in human capital production can be inferred
fromthe rel ati onshi p bet ween t he wage rate and years of school i ng.
A large international mcro dataset is used to estimate this
rel ati onship. The enpirical evidence is decisive. There are
decreasing returns to scal e i n human capital production; that is, the
m cro-l evel evidenceis not supportive of endogenous growth driven

by human capital accumnul ation.
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| nt roducti on

Inrecent |iterature endogenous | ong-run growth i s expl ai ned by
t he accunul ati on of "broadly defined" capital. Typicallyit isthe
i nclusion of human capital into the analysis which generates
endogenous growth.? Gowhis createdinthese nodel s by assum ng
t hat the capital stocks are produced t hrough constant returnsto
scal e functions of inputs that can be accunmul ated, i.e., the capital
stocks. These constant returns to scale assunptions induce
endogenous growth by creating returns to investments which
per petual | y exceed their costs. Thus net i nvestnent inthe capital
st ocks never ceases, which | eads to perpetual grow h.

An i nmportant problemw th this class of endogenous growth
nodel s, however, isthat thereis noenpirical evidenceto support
t he cruci al assunption of constant returns to scal e i n human capit al
production.? Thelimted m croeconon c evi dence on hunan capital
productionis not hel pful inthisregardas it has inposed i nportant
restrictions onthe estimates of thereturnstoscaletotheinputs
t hat can be accunul at ed. ® And t he nacroecononi ¢ evi dence on human

capital accunulation as the engine of growth is decidedly

Ther e have been over forty such studi es publishedw thinthe
| ast decade or so. Afewexanpl es are Lucas (1988), Ki ng and Rebel o
(1990), Rebel o (1991), Jones et al. (1993), Milligan and Sal a-i -
Martin (1993), and Stokey and Rebelo (1995).

2lnarelated vein, Saint-Paul (1996) and Acenogl u (1996) derive
i ncreasi ng (pecuni ary) returns in human capital accunmul ati on based
on |abor market frictions and the assunption of constant
(technol ogical) returns to scale in producing human capital.

Decreasing returns to scaleareinposedinthe enpirical work
by Hal ey (1976) and Heckrman (1976). Constant returns are effectively
i nposed i n Ben-Porath (1970) and Rosen (1976).



i nconcl usi ve. 4

Mor eover, thereis no conmpellingintuitivereasonto believe
that there are constant returns i n produci ng human capital. Al though
constant returns in providi ng educational services (i.e., teaching)
follows froma standard replication argunent, this does not inply
constant returns to scal e i n produci ng human capi tal. Human capital
i's obviously enbodi ed i nindividuals (aninportant fact that is
gl ossed over in the common t wo- sect or endogenous gr ow h nodel s), and
t he nost i nmportant i nput inits productionisthetinmeindviduals
spend | earning - an i nput which is not obviously replicatable.
Hence, the replication argunent for constant returns to scal e does
not apply to human capital production.

This study attenpts toredress this inportant shortcomngin
t he under st andi ng of the forces of | ong-run economc gromth. A
si npl e nodel is constructedto showthat thereturns to scalein
human capital production (fromeducation) can be inferredfromthe
rate of returnto education. Inparticular, the shape of the rate-
of -return functionfollows thereturns to scale (fromthe i nputs that
can be accunul ated) inthe human capital production function. |If
t here are constant (increasing, decreasing) returns toscalein

pr oduci ng human capi tal t hrough education, then the margi nal rate of

4The evi dence i n Roner (1990), Barro (1991), and Tall man and
Wang (1994) is consistent with the notion that human capital
accurmul ati on drives | ong-run growt h; whil e the evidence i n Manki w et
al. (1992), Romer (1994), Benhabi b and Spi egel (1994), and Jones
(1995) isinconsistent with the hypothesis; and the evidenceinBarro
and Sal a-i-Martin (1992, 1995) is inconclusive. These conflicting
resul ts may not be surprising, however, giventhe great difficultly
i n distinguishing between theories using macro data, especially in
t hi s case because of the | ack of good data on human capital [onthis
i ssue see Benhabi b and Jovanovi c (1991), Levi ne and Renelt (1992),
Levi ne and Zervos (1993), and Pack (1994)].



return to education is constant (rising, declining).

Data fromthe I nternational Social Survey Programme i s used to
estimate (private) marginal rates of returnto education. This data
on over 30, 000 wor ki ng-age nmen in 26 different countries decisively
rejects a constant marginal rate of return to education (i.e.,
constant returns to scale in producing human capital). Mre
precisely, the marginal rate of returnis significantly increasing
at | owl evel s education (thus indicating significant increasing
returns), and the marginal rate of returnis decreasing significantly
at highlevels education (thus indicatingsignificant decreasing
returns).

I n other words, the data indicates that the human capital
producti on functi on has a cubi c shape; that is, this production
function has the shape that istypically taught inintroductory
m cr oeconom cs courses. Theinplicationof thisisthat, after about
twel ve years of education, there are significant decreasing (private)
returns to the inputs that can be accunul at ed. Thus the
applicability of endogenous growt h nodel s dri ven by human capi t al

accunul ation i s doubtful.>

A Very Sinple Model

SEndogenous growt h dri ven by human capital is still possible
with decreasing private returns to human capital if there are
sufficiently large external returns. Limted enpirical evidence,
however, suggests that thisisunlikely. Wckoff's (1984) estimate
of the external benefit fromeducati onal human capital (for grades
K-12, where t he nargi nal external benefits are presunmably | arger than
f or higher education) is 9 percent of the private benefit (and i s not
statistically significant). Moreover, the vast mpjority of the
nodel s of endogenous grow h dri ven by human capital assume const ant
private returns to scal e [ sone not abl e excepti ons are Lucas (1988),
Mul I'i gan and Sal a-i-Martin (1993), and Barro and Sal a-i-Martin
(1995)].
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Fol | owi ng st andard practice, human capital is defined such that

it linearly increases | abor productivity and hence the wage rate, w. ®
(1) w = rH,

where r is the rental rate on human capital, H  Human capital

accurmul ation is assumed to be governed by the production function
(2) dH/dt = Nxiy{H,

wheret isthetinmeinstant, xistinmeinvestedinhumancapital, y
i s goods (i.e., the services fromteachers, physical capital, etc.)
invested in human capital, Nis a productivity parameter (i.e.,
learning ability), and", (, and *arereturnselasticities.” If an
interior solution is inposed (which is not necessary in this
anal ysis), then there nust be decreasing returns to x and y t oget her
(i.e., "+ (<1). But this does not restrict thereturnstothe
i nputs that can be accunul ated (i.e., (+*), whichis what natters
for endogenous growt h.

Fol | owi ng Hal ey (1976), the first-order conditions for optinal
producti on can be used to substitute y out of the production

function. In particular, equation (2) becones
(3) dH/dt = Mx;*HE,

where M / N((r/"p)¢, and p is the price of vy.

The only decent data on the i nputs into individuals' hunman

5Bl i nder and Wei ss (1976) and Rosen (1976) use an alternati ve,
but essentially equival ent, definition: human capital is produced
linearly but is non-linearly related to productivity.

‘Depreci ation of human capital does not affect any of the
subsequent anal ysis, hence it is ignored.



5
capi tal production are years of school, thus the focus hereis on
human capital fromeducation. |f each year of full-tine schooling
is assuned to take an equal input of time, then xis constant during
school i ng and t he production function can be further sinplified. In
particul ar, setting this constant to unity, w thout |oss of

generality, makes the human capital production function
(4) dH/dt = MHf for 0 <t # S,

where F/ (+ * (thereturns elasticity tothe inputs that can be

accurmul ated), and S is cunul ative years of schooling.
Differential equation (4) is aBernoulli equation w th constant

coefficients. The solutiontothis equation at the end of schooling

IS

He"s if F =1,

(5) R = it F ¢
(K +(1-FMg) YA if F O 1,

VAL BRI I

where Hy i s t he human capital stock prior to schooling. Substituting

equation (5) into equation (1) and taking the | ogarithmyields

In(r) + In(H) + MS if F = 1,

(6) In(w) = \
In(r) + (1-F)-Un(HF+(1-FHMS) if F O 1.

AL b

| deal |y the F coul d be esti mat ed fromnon-1i near equation (6),
but thisis not feasible. The data areinsufficient toidentify H,
and M. And, nore inportantly, the data i ndicates that F varies
substantiallywiththelevel of S Analternative strategyisto
test therestrictioninplied by F=1. That is, equation (6) shows
that the returns to scal e in human capital production can beinferred

fromthe enpirical relationship betweenthelog of the wage rate and
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years of schooling. Alinear relationshipinpliesthat there are
constant returns to the i nputs whi ch can be accunul ated. A concave
(convex) enpirical relationship between|In(w and Sindicates that
there are decreasing (increasing) returns.?

The effect of Sonln(w) istypicallyinterpretedastherate
of returnto education and has been estimated |iterally hundreds of
times.® Thus, thetest for non-constant returns to scaleis alsoa
test for anon-constant rate of return to education. 1In other words,
the si npl e nodel above suggests that an observed constant (decli ni ng,
rising) marginal rate of returnto education indicates constant
(di m ni shing, increasing) returns in produci ng human capital through
educati on.

Thisresult isintuitive and fairly obvious once shown. The
si npl e nodel above, however, clearly shows t he assunpti ons t hat
underliethe conclusionthat thereturns to scale canbeinferred
fromthe observed rel ati onshi p bet ween years of schoolingandits
mar gi nal rate of return. Sone di scussion of some of these
assunptions is in order before turning to the evidence. 1

Schooling is assunmed to have a productiverolerather than a
screening role. Although there is some evidence in favor of

screeni ng, the i ssue has not been settl ed!! and t he vast maj ority of

Ml n(w) 2/ M2S = (F- 1) M2(H&-F+(1-F)MS)-2. This termis negative
(positive) if F <1 (> 1).

°See the surveys by Psacharopoul os (1985, 1994).

The fol | owi ng assunptions (plus the assunptionthat F=1) are
al so made (usually inplicitly) inpractically all of theliterature
on the rate of return to education.

1See, for exanple, Hungerford and Sol on (1987), Kroch and
Sj obl om(1994), G oot and Oost erbeek (1994), Wi ss (1995), Heckman
et al. (1995), Jaeger and Page (1996), Park (1999), and Cheval i er and
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resear ch on school i ng assunes that it isindeed productive (i.e., it
produces human capital). Moreover, the idea of endogenous growth
driven by human capi tal accumul ati on can be di sm ssed i nmedi ately if
schooling is not socially productive. Thus this conplicationis not
addressed here.

The nodel above sol ves for the | evel of human capital at the
conpl eti on of formal schooling. dearly, however, wages will al so
depend on human capital acquired through on-the-job training.
Foll owi ng the enpirical work ontherate of returnto educati on,
(potential) work experience polynom als are i ncl uded as contr ol
variables inthe regressions. Typically a second-order experience
pol ynom al is used, but Murphy and Wl sh (1990) argue that a fourth-
order polynom al is nore appropriate. Afourth-order polynomal is
used here, but theresults are essentially unchanged when usi ng a
second- order pol ynonm al (and al so when i ncl udi ng an experi ence-
schoolinginteractiontermalongw th either a second- or fourth-
order pol ynom al).

The first-order conditions for optimal production were usedto
substitute goods i nvested in human capital out of the production
function. The assunption of an optimal m x of inputs may seem
unt enabl e gi ven t hat nost y is publicly provided. But all that is
really requiredtojustify the above sinplificationis the assunption
that y is proportionally related to H, which seens reasonabl e.

The nodel al so assunes t hat each year of schooling requires an
equal input of time (x =1 US). Casual evidence suggests that

hi gher | evel s of schooling require nore effort. To the extent that

Wal ker (1999).
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xincreaseswth Stherew || beabiasinthe datatoward increasing
returns. On the other hand, however, the data on schooling is
typi cally grade conpl et ed, as opposed to years in school. This wll
create a bias toward decreasing returns to the extent slowl earners
(ie, those whose gradeislessthantheir yearsin school) obtain
| ower | evel s of Sand fast | earners (grade greater thantheir years)
obtain higher |evels of S.

Finally, the nodel inplicitly assunes that education is
uncorrel ated wi t h unobser vabl es whi ch i ndependent |y af f ect human
capital and wages. But, as stressed by Card (1995), this is
unlikely. Hi gher-abilityindividuals arelikely to obtain higher
| evel s of both school i ng and wages, ot her things equal. Thus, Card
cont ends t hat unaccounted for differences inability coul d mke
concave rat e-of -return/ school i ng rel ati onshi ps for indivi dual s appear
l'i near across individuals. A though not enphasi zed by Card, t he sane
can be said for nore notivated i ndividuals, for individual s attendi ng
better schools, and for individuals raisedinnore nurturing hones.
| n each case, these unobservables arelikelytocreateabiasinthe
data towards increasing returns.

Recent work ontherate of returntypically attenpts to deal
with this probl emby using "natural experinments" toinstrunent for
education. But, again as stressed by Card (1995), this procedure
will generally yieldan unbiased estinmate of the average nar gi nal
rate of returnonly if underlyingrate-of-returnfunctionis linear.
I nstruments for educationtypically only capture variation at one
| evel of educati on. Thus, inthe present context where nonlinearity
isexplicitly exam ned, one woul d obvi ously need validinstrunents

that apply to the entire range of educational outcones.
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Unfortunately, suchinstrunments are not avail abl e i n t he subsequent
dat aset (and perhaps not in any dataset).

Thus, the | i near approxi mation of the returns to scal e derived

above i s potentially biased, but on bal ance, if thereisabiasin

the data, it is al nost certainly towards findingincreasingreturns.

The Dat a

This study uses data fromthe I nternational Social Survey
Programme (I SSP). The | SSP contains cross-sectional data on
i ndi vidual s in 33 countries (28 of these have data on | abor - mar ket
out cones) over the period 1985 t hrough 1995 (nobst of the countri es,
however, only participated in a few of the years).

There are several desirable features of the ISSP. It is|arge.
Cbviously it provides information for many different countries.
Mor eover, the countries participatinginthe | SSPvary intheir
degr ee of econom c devel opnent. Thus there is considerabl e variation
inthe data. What is particularly useful for this study is that
there is generally nore variationincross-country educati onal
attai nnment thanin onecountry. Thereturnstoscaleareinferred
fromthe curvature of therel ati onship betweenlIn(w) andS. Cearly
variation in S is needed for this.

There are al so several problems with the | SSP data. For
i nstance, although the | SSPi s desi gned to provi de a hi gh degree of
cross-country conparability, there are sone data i nconsi stenci es
across the participating countries. Thus there are only a m ni num
of control variabl es. For exanple, thereis noinformation on work
experience. Thus, asinnost rate-of-returnliterature, potenti al

experience (age - S- 5) is used instead. Obviously potenti al
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experience w || be particul arly dubi ous for wonen (because of | abor -
mar ket i nterruptions due to having children), thus wonen are excl uded
fromthe sanpl e. Cbservations with negative potenti al experience are
al so dropped fromthe sanple.

Measured schooling is truncated between 10 and 14 in two
countries (Geat Britainand Northern Ireland). Thus observations
fromthese countries are excl uded fromt he sanple. Cbservations with
nore than 20 years of neasured education are al so excl uded.

Sone of the data on hours of work appears dubi ous. Those w th
very | ow hours of work have very hi gh wages per hour on aver age, and
those with very hi gh hours of work general |y have very | owwages per
hour. Thus, these outliers are excluded fromthe sanple. 1In
particul ar, only those with weekly hours between 20 and 80 are
i ncluded. The results, however, are essentiallyidentical if these
smal | nunber of outliers are included. Simlar results are al so
obt ai ned using nmonthly earnings instead of wage rates.

Ear ni ngs are neasured i n categories in nmany of the countri es.
I n t hese cases neasur ed ear ni ngs are cat egory m dpoi nts rather than
actual anmpounts. Obviously this causes nmeasurenent error. This
shoul d not bias the results, however, except for the fact that the
hi ghest category clearly truncates the upper tail of the earnings
distribution. Toseeif this upper truncation affectstheresults
regressi ons were run excl udi ng t he upper category, but theresults
were not noticeably different. Simlarly, the results were
essential ly t he same when excl udi ng al | observati ons of categori cal
ear ni ngs.

Finally, earnings are neasured after tax in many of the

countries (and i n nunmerous cases it isunclear if earnings are before
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or after tax). Thisw || obviously bias the estinmate of the returns
to scal e toward decreasing returns to the extent that earni ngs taxes
are progressive. Thus sone regressions are run using only the
observati ons of before-tax earnings.

Tabl e 1 gi ves sonme summary statistics for sanpl e used. The
sanpl e i s enpl oyed nen aged 18 to 65; not sel f-enpl oyed, retired, or
currently inschool; and wi t hout m ssing information on ear ni ngs,

hours of work, or years of education.

The Evi dence

The basic regression equation to be estimated is
(7) In(w) =% + $S + $,5 + $S + $X + 4,

where Xis avector of control vari ables (a fourth-order pol ynom al
of potential experience, and country-year dunmm es). In the
literatureontherate of returnto educationthereistypically only
alinear schoolingterm The data, however, strongly suggest that
a cubic in schooling better describes the relationship between
school i ng and wages. The estimted marginal rate of returnto

education, D, is

(8) D(s) = $, + 2%,5 + 3%,52.

And the null hypothesis to be tested is

(9) M2l n(w)/NS? = MD/MS = 2%, + 6%.S = 0,

that is, are the returns to scale in human capital production
constant? If not, MO/MS > 0 (< 0) indicates increasing (di m ni shing)

returns.
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The results of estimating equation (7) onthe full sanple are
summari zed at the top of Table 2. The estimated coefficients (and
their t values) on the education pol ynom al are reported al ong wi th
theinpliedestinmated margi nal rate of return and howit changes with
the | evel of schooling (and their t val ues). The esti mated maxi num
margi nal rate of return and where it is reached (i.e., wherereturns
to scale are constant) are al so reported.

The coefficient estimates on all three schooling pol ynom al s
are highly significant. $,is positive, and $;is negative. This
i ndi cates that at | ow(high) | evels of schoolingthere are i ncreasing
(decreasing) returns to scalein human capital production. Thisis
alsoillustrated by the estinates of the marginal rate of return at
various level s of S. D(S) is essentially zerofor the first several
years of education. It thenrises at anincreasing rate before
peaki ng at about S=12. ThenD(S) begins tofall at anincreasing
rate. Moreover, as denonstrated by the estimates of M n(w /M, the
nonlinearityis strong and hi ghly significant (away fromthe gradi ent
peak near S=12). The esti mated change inthe rate of return per
year of schooling (away fromS = 12) is huge relative to the
estimates of therate of return. Thus, constant returns to scal e are
decisively rejected at | owl evel s of educationin favor of increasing
returns, and constant returns to scal e are deci sively rejected at
hi gh | evel s of educationin favor of decreasing returns. Evidently
t he production function for hurman capital has t he cubi c shape of the
sort that we typically argue i s ubiquitous for firns' production
functions in ECON 101.

The second set of resultsin Table 2 are froma fourth-order

pol ynom al on S. Theresults arelittle affected by addingthe S*
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term Theresults, however, are dramatically different whenthe S3
termis dropped. The relationship between I n(w) and S appears
essentially linear in the quadratic case. To capture the
nonlinearityit is essential toincludethe cubicterm Apparently
t he di stribution of i ncreasing and decreasingreturns is roughly
symmetric around the constant-returns | evel. Thus, inthe quadratic
regressiontheinitial increasingreturns are al nost exactly of f set
by t he | at er decreasi ng returns, hence constant returns are shown. 2
This is al so reveal ed by the quadratic estimtes of D(S) being
practically identical tothelinear estimate of D. Presumably this
i'swhy the vast nmajority of previous estimates of therate of return
arelinear. Afirst-passtest for nonlinearity will not detect it.

Ot her than this dramatic sensitivity to addi ng the cubicterm
on schooling, theresults are very robust. To showt hi s robustness
afewadditional regressions arereportedin Table 3. In particular,
a cubi c shape al so ener ges when usi ng nont hl y earni ngs rat her t han
wage rates. It al so enmerges when usi ng only t he wage observati ons
whi ch are known t o be before tax (and sim | ar results emerge when
excl udi ng only t he observati ons known to be after tax). Thus the
findi ng of a cubic shapeis not duetothetax structure. The cubic
shape al so energes when using only the observations of actual
earnings (i.e., the observations with earni ngs measured i n cat egori es
are dropped). Hence, this source of nmeasurenent error i nthe wage
rate does not appear to bias the coefficient estinates.

The regressions reportedin Table 4illustrate the inportance

2Simlarly, Box-Cox estimates of the rel ati onshi p between wand
Sareextrenely closetolog-linearity (thus strongly suggesting near
constant returns).
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of bothtails of the schoolingdistribution. Card and Krueger (1992)
contend that thereis akinkinanotherw selinear relationship
bet ween | og ear ni ngs and educati on at the education | evel obtai ned
by t he second percentil e of the educationdistribution (in 1980 U.S.
data). Thus, follow ng Card and Krueger, the bottomtwo percent of
the sanple (S#6) isrenovedintheregressionreported at thetop
of Table 4. But contrary to Card and Krueger's contention, the
nonlinearity intherelationshipremains. The nonlinearity al so
remai ns when renoving thetoptail of the educationdistribution (S
$19isthetop 2.85percent). These two cases showthat thereis
significant nonlinearity at both ends of the education di stribution.
I n other words, there are significant increasingreturns at | owsS,
and significant dimnishingreturns at highS. Infact, thereis
remar kabl e symmetry in the returns to scale. This is further
illustrated by the quadratic regressions onthe distributions above
and bel ow the approxi mate constant-returns point at S = 12.

The nonlinearity betweenIn(w) and Sis not conpletely driven
by the tails of the education distribution, however. The |l ast set
of estimates i n Tabl e 4 showt hat when both tails are ignored, the
nonlinearity remains. The nonlinearity is reduced somewhat, but is
still statistically significant.

The results of estimating equation (7) on the country
subsanpl es are summari zed in Tables 5.1 - 5.4. The sane sort of
cubi c shape energes inthe vast nmajority of cases. That is, the
coefficient estinate on S2i s positive and the coefficient estimate
on S® is negative in 23 of the 26 cases (and statistically
significant in 10 cases). Mreover, the three opposite cases arise

incountries with small sanples, and none of the t hree negative$,
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and the three positive $, are close to being statistically
significant. Theresults for countries with the four | argest sanpl es
all showstatistically significant increasing (decreasing) returns
at low (high) S.

Moreover, thereis considerablesimlarity inthe coefficient
estimates across countries, particularly thosew th |l arger sanple
sizes. Thesimlarity across countries inthe estimated schooling
| evel s where constant returns are reached i s even nore renmar kabl e.
For exanple, inthe 13 | argest sanpl es (which all have t he sane si gns
for $, and$,), the estimated constant-returns | evel s range bet ween
10. 75 and 13.56 years of education (roughly the same anount of
variation as i n nean educati on across countries). Mreover, there
does not appear to be systematic rel ati onshi p between and t he nean
S or national income. This suggests that increases in physical
capital do not raisethe productivity inhuman capital production
enough to offset the dimnishing returns.

Per haps the more i nteresting source of variationinresults
across countries is inD(S). Thereis considerable variationinthe
estimated rate of return to education across countries. In other
words, thereis nore cross-country variationinthe | evel of D(S)
than in the shape of D(S).

Tabl e 6 reports the results of regressing | n(w) agai nst a set
of dummy vari abl es for each | evel of schooling. As foundin several
previ ous studies,?!® there is |arge anmount of variation in the

estimated margi nal rate of return for each year of schooling ( $s -

8See Hungerford and Sol on (1987), Card and Krueger (1992),
Jaeger and Page (1996), Harnon and Wl ker (1999), and Cheval i er and
Wal ker (1999).
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$..). Not surprisingly, these dumny-variabl e results are consi stent
with the results fromthe cubic regression. Figure 1 plots the
estimated (|l og) wage differential fromthe dummy-vari abl e regressi on
alongwiththat fromthe cubic regression. Thisfigureillustrates
t he esti mat ed cubi c shape of the human capital production function.
Figure 2 plots the estimated margi nal rate of return fromthe dunmy-
vari abl e regression along with that fromthe cubic regression. There
isessentiallynoreturntoinvestnent ineducationfor at | east the
first six years of school . Evidently, the initial increasing
returns (i.e., fixed costs) in human capital production are
substantial. And other than the upward blip at S=16, thereis
generally adownward trend inthe marginal rate of returnafter S=

12. 15
Concl usi on

This study derived and estimated a very sinple test for
constant returns to scal e in human capital production, acrucial
assunmption i n dozens of recent papers on endogenous growt h. The
enpirical evidence i s deci dedly agai nst this assunption. Thereis
evi dence of significant decreasing returns after about the nean | evel
of educational attainnent.

The test for constant returns - alinear relationshi p between
the 1l og of the wage rate and years of education - is admttedly

sinmplistic. Thetest is based a nunber of sinplifying assunptions,

“As found in Card and Krueger's (1992) data, thereis anotable
kinkintherate-of-returnrelationship at the second percentil e of
t he education distribution (of male workers).

5The blip at S= 16 has been found i n previ ous studi es and has
often be attributed to a "sheepskin effects".
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hence t here are a nunmber of potential biases. Onthe ot her hand,
however, the enpirical evidence is arguably overwhel m ng. The
evidence i s so strong agai nst constant returnsthat it isdifficult
toimaginethat it could be duetothe potential biases. Moreover,
t he possi bl e bi ases general ly work agai nst finding di m nishing
returns.

Thus, it is hard to escape the concl usion that the mcro-|I evel
evi dence i s unfavorabl e for nodel s of endogenous growt h dri ven by
human capi tal accumul ati on. This, of course, does not inply that
human capital is uninportant for growmth. |ndeed, the findi ng of
significant initial increasingreturns suggests that human capital
accumrmul ati on may have a cruci al rol e in devel opnent and transiti onal

gr owt h.

Ref er ences

Acenogl u, Daron, "A M crofoundation for Social Increasing Returns in
Human Capital Accunul ation,” Quarterly Journal of Econom cs,
August 1996.

Barro, Robert J., "Economc Gowhina Coss Section of Countri es, "
Quarterly Journal of Econom cs, May 1991.

and Xavier Sala-i-Martin, "Convergence," Journal of
Political Econony, April 1992.

and , Economc Gowth, McGawHill, 1995.

Benhabi b, Jess and Boyan Jovanovic, "Externalities and G owth
Accounting,"” American Econom c Review, March 1991.

Benhabi b, Jess and Mark M Spi egel, "The Rol e of Human Capital in
Econonmi ¢ Devel opnent: Evi dence fromAggregate Cross-Country
Data," Journal of Monetary Econom cs, October 1994.

Ben- Porat h, Yoram "The Producti on of Human Capital over Tine," in
Hansen (ed.), Education, I nconme, and Human Capital, Nati onal
Bureau of Econom c Research, 1970.

Bl i nder, Alan S. and YoramWei ss, "Human Capital and Labor Supply:
A Synthesis," Journal of Political Econony, June 1976.



18

Card, David, "Earnings, Schooling, and Ability Revisited," in
Sol onon Pol achek (ed.), Research i n Labor Econom cs, Vol. 14,
1995.

and Al an B. Krueger, "Does School Quality Matter? Returns
t o Educati on and t he Characteristics of Public Schools inthe
United States,"” Journal of Political Econony, February 1992.

Cheval i er, Arnaud and | an Wal ker, "Further Results onthe Returns to
Education in the UK, " working paper, 1999.

Groot, W mand Hessel Oosterbeek, "Earnings Effects of Di fferent
Component s of School i ng; Human Capital Versus Screening,"”
Revi ew of Economi cs and Statistics, May 1994.

Hal ey, WlliamJ., "Estimation of the Earnings Profile fromQpti nal
Human Capital Accunul ation,"” Econonetrica, Novenber 1976.

Har non, Col mand | an Wal ker, "The Margi nal and Average Returnsto
School i ng," European Econom ¢ Review, 1999.

Heckman, Janmes J., "ALife-Cycl e Model of Earnings, Learning, and
Consunption,” Journal of Political Econony, August 1976.

, Anne Layne-Farrar, and Petra Todd, "The Schooli ng
Qual i ty- Earnings Rel ationship: Using Econom c Theory to
I nterpret Functional Forns Consistent with the Evidence,” NBER
Wor ki ng Paper No. 5288, 1995.

Hungerford, Thomas and Gary Sol on, "Sheepskin Effects in the Return
t o Education,” Revi ew of Econom c and Statistics, February
1987.

Jaeger, David A and Mari anne E. Page, "Degrees Matter: New Evi dence
on Sheepskin Effects in the Returns to Educati on, " Revi ew of
Econom cs and Statistics, Novenmber 1996.

Jones, Charles |., "Tine Series Tests of Endogenous G ow h Model s, "
Quarterly Journal of Econom cs, May 1995.

Jones, Larry E., Rodolfo E. Manuelli, and Peter E. Rossi, "Opti nal
Taxation in Model s of Endogenous G- ow h, " Journal of Political
Econony, June 1993.

Kroch, Eugene A. and Kri ss § obl om " School i ng as Human Capi tal or
a Signal," Journal of Human Resources, Wnter 1994.

Ki ng, Robert G and Sergi o Rebelo, "Public Policy and Econoni c
G owt h: Devel opi ng Neocl assi cal I nplications," Journal of
Political Economy, COctober 1990.

Levi ne, Ross and David Renelt, "ASensitivity Anal ysis of Cross-
Country Growt h Regressions,” Anmerican Econom c Review,



19
Sept enmber 1992.

Levi ne, Ross and Sara J. Zervos, "What W Have Lear ned About Policy
and Gowth fromCross- Country Regressi ons?" Areri can Econom ¢

Revi ew, May 1993.

Lucas, Robert E., Jr., "On t he Mechani cs of Econom ¢ Devel opnent, "
Journal of Monetary Econonmics, July 1988.

Mankiw, N. Gregory, David Ronmer, and David N. Wil, "AContribution
to the Enpirics of Econom c Gowth," Quarterly Journal of
Econom cs, May 1992.

Mul | i gan, Casey B. and Xavi er Sal a-i-Martin, "Transitional Dynam cs
i n Two- Sect or Model s of Endogenous G- ow h, " Quarterly Journal
of Econom cs, August 1993.

Mur phy, Kevin M and Finis Wl ch, "Enpirical Age-Earnings Profiles,”
Journal of Labor Econom cs, April 1990.

Pack, Howard, "Endogenous G-owth Theory: Intellectual Appeal and
Enpi ri cal Shortcom ngs,"” Journal of Econom c Perspecti ves,

W nter 1994.

Park, Jin Heum "Estimation of Sheepskin Effects Using the O d and
New Measures of Educational Attainnment in the Consuner
Popul ation Survey," Econom cs Letters, 1999.

Psachar opoul os, George, "Returns to Education: A Further
| nternational Update and Inplications,” Journal of Human
Resources, 1985.

, "Returns to I nvestnent i n Educati on: Ad obal Update,"
Wor| d Devel opment, 1994.

Rebel o, Sergi o, "Long- Run Policy Anal ysis and Long- Run G owt h, "
Journal of Political Econony, June 1991.

Romer, Paul M, "Human Capital and Growt h: Theory and Evi dence, "
Car negi e- Rochester Conference Series on Public Policy, 1990.

, "The Ori gi ns of Endogenous G- ow h, "Journal of Econom c
Perspectives," Wnter 1994.

Rosen, Sherwi n, "A Theory of Life Earnings," Journal of Political
Econony, August 1976.

Sai nt-Paul, G Il es, "Unenpl oynent and I ncreasing Private Returns to
Human Capital," Journal of Public Econom cs, July 1996.

St okey, Nancy L. and Sergi o Rebel o, "Growth Ef fects of Fl at-Rate
Taxes," Journal of Political Economy, June 1995.



20

Tallman, Ellis W and Ping Wang, "Human Capital and Endogenous
G owt h: Evidence fromTai wan, " Jour nal of Monetary Econom cs,
August 1994.

Wi ss, Andrew, "Hurman Capital vs. Signalling Expl anati ons of Wages, "
Jour nal of Econom c Perspectives, Fall 1995.

Wyckof f, Janes H., "The Nonexcl udabl e Publ i cness of Primary and
Secondary Public Education,” Journal of Public Econom cs, 1984.



Table 1
Descriptive Statistics

Country N 9) Ss Tax

All 30607 12. 03 3.18

West  Ger many 3340 10. 45 2.93 after
United States 3231 13.55 2.90 before
Australia 3017 11. 65 2.77 before
Nor way 2701 12. 47 2.90 bef or e
Russi a 2453 13. 05 3.37 ?

Net her | ands 2200 12.94 3.49 after
Austria 1892 10. 98 2.44 after
Pol and 1416 11. 02 2.63 after
Italy 1297 11. 77 3.81 after
East Ger nany 1227 10. 88 2.87 after
Irel and 1189 11. 99 2.95 **

New Zeal and 1079 12. 63 3.03 bef ore
Japan 851 12. 85 2.63 before
Hungary 649 11.45 2.72 after
Sweden 600 11.81 3.39 before
Sl oveni a 586 11.10 2.75 after

| srael 483 12. 69 2.94 ?
Czech Republic 462 13.04 2. 67 after
Bul gari a 377 11. 56 3.03 ?

Sl ovak Republic 368 12. 43 2.41 ?

Swi t zerl and 305 10. 76 3.33 after
Czechosl ovaki a 301 12. 80 2.52 after
Spai n 284 10. 62 4.28 ?
Canada 257 15.01 3.14 ?

Phi | i ppi nes 184 9.55 4. 06 ?

Latvi a 154 12.51 3.07 after

N is the nunber of observations, © is nean years of
education, ss is the standard deviation of years of education,
and before and after refer to earnings being measured before
or after tax. In the cases denoted by ? it is wunclear if
earnings are before or after tax. In lIreland earnings are
before tax in three years and after tax in three years.



Table 2

Ful | - Sanmpl e Regression Results

Cubi c:

S

6
9
12
15
18

$.x10?

-6.802
(4.47)

D(s)

0. 036
0. 062
0.070
0. 061
0.034

(9. 06)
(32.93)
(45. 18)
(44. 44)

(9. 00)

$,x103

11. 159
(8. 84)

0.012
0. 006
-0. 000
-0. 006
-0.012

max D(S) = 0.070 @S = 11.92

Quartic:
S D(s)
6 0.034
9 0. 058
12 0.071
15 0. 064
18 0. 029

$.x10?

-0.837
(0.27)

(8.17)
(21. 42)
(44. 67)
(31. 43)

(6. 26)

$,x103

1. 631
(0. 35)

0. 009
0. 007
0. 002
-0. 007
-0.018

mx D(S) = 0.071 @S = 12.71

$.x104

-3.241
(8.92)

MDD/ Ms

(8.54)
(7.51)
(0.37)
(7.50)
(8. 46)

$.x104

-3.231
(1.11)

MDD/ Ms

(8. 46)
(3. 16)
(2.22)
(1.87)
(1.69)

$.x10°

-1.440
(2.24)

Quadratic: $,x102 $,x108
5. 890 0. 037
(10.79) (0.18)
S D(s)
6 0.059 (19.73)
9 0.060 (31.98)
12 0.060 (57.62)
15 0.060 (43.87)
18 0.060 (24.90)
Li near : $,x102
5. 985
(60. 56)
t statistics are in parentheses. There are unreported

control s
experi ence,

for

a fourth-order

pol ynom al
and for each year in each country.

pot enti al



Table 3
Sensitivity Analysis

S D(s) MDr Ms $,x10? $ ,x 103
$.x104

Ear ni ngs: -6.925 11. 317 -3.039

(4.53) (8. 60) (8.34)
6 0.034 (8.44) 0.012 (8.64)
9 0.061 (32.17) 0.006 (8.21)
12 0.071 (45.65) 0.001 (1.79)
15 0.065 (47.39) -0.005 (5. 88)
18 0.043 (11.24) -0.010 (7.26)

max D(S) = 0.071 @S = 12.41

w before tax: (N=12103) -13.583 17. 692 -4.775
(5. 40) (8.15) (7.89)
6 0.025 (3.69) 0.018 (8.17)
9 0.067 (19.30) 0.010 (7.69)
12 0.083 (29.82) 0.001 (1.37)
15 0.073 (31.48) -0.008 (5.52)
18 0.037 (5.74) -0.016  (6.83)

max D(S) = 0.083 @S = 12.35

actual w_ (N=13632) -4.896 10. 244 -3.002
(1.98) (4. 69) (4.83)
6 0.042 (6.73) 0.010 (4.42)
9 0.063 (21.55) 0.004 (3.61)
12 0.067 (28.21) -0.001  (1.56)
15 0.056 (22.77) -0.007 (4. 46)
18 0.028 (3.86) -0.012  (4.77)

max D(S) = 0.068 @S = 11.38

t statistics are in parentheses. There are wunreported controls for a
fourth-order polynomal in potential experience, and for each year in each
country.



Table 4
Resul ts Over Various Ranges of Education

S D(s) MDr Ms $,x10? $ ,x 103
$.x104
S$ 7 (N=29999) -12.086 15. 616
-4.223
(3.10) (5. 16) (5.58)
6 0.021 (1.88) 0.016 (4.79)
9 0.058 (16.14) 0.008 (4.18)
12 0.071 (40.01) 0.001 (1.03)
15 0.063 (36.33) -0.007 (7.02)
18 0.031 (6. 90) -0.014 (6.47)

max D(S) = 0.072 @S = 12.33

S # 18: (N=29735) -4.923 9. 456 -2.512
(2.83) (5.87) (5.24)
6 0.037 (9.23) 0.010 (6.40)
9 0.060 (28.91) 0.005 (6.87)
12 0.069 (41.67) 0.001 (1.46)
15 0.065 (32.84) -0.004 (2.98)
18 0.047 (7.41) -0.008  (4.00)

max D(S) = 0.069 @S = 12.55

S$ 12: (N=16579) 19. 801 -4.531
(8.47) (5.90)
12 0.089 (17.17)
15 0.062 (34.38)
18 0.035 (7.45)
S # 12: (N=19142) -3.375 5. 362
(2.80) (8.10)
6 0.031 (6.75)
9 0.063 (26.97)
12 0.095 (20.31)
7 # s # 18. (N=29127) -5.099 9.593 -2.544
(0.94) (2.15) (2.15)
6 0.037 (2.61) 0.010 (2.14)
9 0.060 (16.01) 0.005 (2.09)
12 0.069 (30.32) 0.001 (1.08)
15 0.065 (32.53) -0.004 (1.97)
18 0.047 (4.99) -0.008 (2.10)
mx D(S) = 0.070 @S = 12.57
t statistics are in parentheses. There are wunreported controls for a

fourth-order polynomial in potential experience, and for each year in each
country.
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Table 5.1
Country Regression Results

S D(s) MDr Ms $,x10? $ ,x 103
$.x104
West Germany (N=3340, w after tax) -7.100 11.524 -3.257
(1.52) (2.99) (3.20)
6 0.032 (2.58) 0.011 (2.76)
9 0.057 (12.56) 0.005 (2.30)
12 0.065 (18.09) -0.000 (0.37) (max D = 0.065 @S = 11.79)
15 0.055 (16.86) -0.006 (3.38)
18 0.027 (3.15) -0.012  (3.44)
United States (N=3231, w before tax) -25.788 31. 153 -8.379
(3.28) (4.48) (4.92)
6 0.025 (1.16) 0.032 (4.66)
9 0.099 (10.27) 0.017 (4.23)
12 0.128 (17.01) 0.002 (1.03) (max D = 0.128 @S = 12.39)
15 0.111 (20.49) -0.013  (4.18)
18 0.049 (3.68) -0.028 (4.78)
Australia (N=3017, w before tax) -15. 525 20. 733 -5.987
(3.41) (4.88) (4.71)
6 0.029 (2.58) 0.020 (4.90)
9 0.072 (11.12) 0.009 (4.33)
12 0.084 (16.13) -0.002 (0.96) (max D = 0.084 @S = 11.54)
15 0.063 (10.86) -0.012 (3.61)
18 0.009 (0.52) -0.023  (4.15)
Norway (N=2701, w before tax) -10. 026 12. 672 -3.764
(1.65) (2.63) (3.03)
6 0.011 (0.64) 0.012 (2.25)
9 0.036 (5.61) 0.005 (1.61)
12 0.041 (10.49) -0.002 (1.25) (max D = 0.042 @S = 11.22)
15 0.026 (7.30) -0.009 (4.15)
18 -0.010 (1.03) -0.015 (3.78)
Russia (N=2453) -7.759 10. 322 -2.739
(0.87) (1.38) (1.35)
6 0.017 (0.69) 0.011 (1.38)
9 0.042 (4.02) 0.006  (1.31)
12 0.052 (7.16) 0.001 (0.39) (max D = 0.052 @S = 12.56)
15 0.047 (6.85) -0.004 (0.94)
18 0.028 (1.34) -0.009 (1.17)
Net herl ands (N=2108, w after tax) -0. 549 4.028 -0.991
(0.13) (1.12) (1.02)
6 0.032 (2.89) 0.004 (1.19)
9 0.042 (8.35) 0.003 (1.26)
12 0.048 (10.60) 0.001 (O0.88) (max D = 0.049 @S = 13.56)
15 0.048 (13.87) -0.001 (0.45)
18 0.043 (5.14) -0.003 (0.75)
Austria (N=1730, w after tax) -5. 956 11. 243 -3.219
(0.54) (1.28) (1.42)
6 0.041 (1.37) 0.011 (1.15)
9 0.065 (7.07) 0.005 (0.91)
12 0.071 (11.38) -0.001 (0.30) (max D = 0.071 @S = 11. 64)
15 0.060 (9.02) -0.006 (1.82)
18 0.032 (1.87) -0.012 (1.69)
t statistics are in parentheses. There are wunreported controls for a
fourth-order polynonial in potential experience, and for each year.
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Table 5.2
Country Regression Results

S D(s) MDr Ms $,x10? $ ,x 103
$.x104
Pol and (N=1416, w after tax) -11. 817 18. 213 -5.345
(0.79) (1.37) (1. 41)
6 0.043 (1.29) 0.017 (1.31)
9 0.080 (8.38) 0.008 (1.16)
12 0.088 (10.02) -0.002 (0.75) (max D = 0.089 @S = 11.36)
15 0.067 (6.73) -0.012  (1.44)
18 0.018 (0.44) -0.021 (1.44)
ltaly (N=1297, w after tax) -5.691 10. 692 -3.316
(0.77) (1.71) (2.00)
6 0.036 (1.97) 0.009 (1.43)
9 0.055 (9.10) 0.003 (0.93)
12 0.056 (8.37) -0.002 (1.68) (max D = 0.058 @S = 10.75)
15 0.040 (7.01) -0.008 (2.97)
18 0.006  (O0.46) -0.014 (2.56)
East Germany (N=1227, w after tax) -18.074 17. 876 -4.765
(1.25) (1.54) (1.59)
6 -0.018  (0.45) 0.019 (1.49)
9 0.025 (2.17) 0.010 (1.39)
12 0.042 (6.65) 0.001 (0.55) (max D = 0.043 @S = 12.50)
15 0.034 (5.69) -0.007 (1.58)
18 -0.000 (0.00) -0.016  (1.63)
lreland (N=1147) -1.206 10. 414 -2.905
(0.12) (1. 20) 1.24)
6 0.082 (2.83) 0.010 (1.14)
9 0.105 (8.91) 0.005 (0.98)
12 0.112 (14.19) -0.000 (0.00) (max D =0.112 @S = 11.95)
15 0.104 (12.64) -0.005 (1.09)
18 0.081 (3.32) -0.011  (1.21)
New Zeal and (N=1079, w before tax) -13.131 14. 662 - 3. 640
(3.02) (3.45) (2.85)
6 0.005 (0. 49) 0.016  (4.01)
9 0.044 (5.21) 0.010 (4.68)
12 0.063 (8.44) 0.003 (1.86) (max D = 0.066 @S = 13.43)
15 0.063 (11.21) -0.003  (0.99)
18 0.043 (2.73) -0.010 (1.77)
Japan (N=851, w before tax) -55.739 55. 386 -1.502
(1.84) (2.31) (2.43)
6 -0.055  (0.65) 0.057 (2.20)
9 0.075 (2.73) 0.030 (1.98)
12 0.123 (10. 45) 0.003 (0. 49) (max D = 0.124 @S = 12.30)
15 0.091 (9. 26) -0.024 (2.69)
18 -0.023 (0.51) -0.051 (2.63)
Hungary (N=649, w after tax) 21. 767 -13.770 4.343
(1.17) (0.87) (1.01)
6 0.099 (2.18) -0.012 (0.73)
9 0.075 (5.58) -0.004 (0.46)
12 0.075 (6. 44) 0.004 (1.10) (min D =0.072 @S = 10.57)
15 0.098 (8.67) 0.012  (1.45)
18 0.144 (3.65) 0.019 (1.26)
t statistics are in parentheses. There are wunreported controls for a

fourth-order pol ynomni al

in potenti al

experi ence,

and for each year.



Table 5.3
I ndi vi dual Country Regression Results

S D(s) MDr Ms $,x10? $ ,x 103
$.x104
Sweden (N=600, w before tax) -3.994 8.217 -2.496
(0.92) (2.01) (2. 05)
6 0.032 (3.01) 0.007 (1.89)
9 0.047 (6.91) 0.003 (1.45)
12 0.049 (8.42) -0.002 (0.98) (max D = 0.005 @S = 10.97)
15 0.038 (7.24) -0.006 (1.88)
18 0.013 (0.86) -0.011  (2.00)
Slovenia (N=586, w after tax) - 34. 558 36. 657 -9.571
(2.71) (2.95) (2.51)
6 -0.009  (0.39) 0.039 (3.42)
9 0.081 (6.87) 0.022 (4.19)
12 0.120 (10.54) 0.004 (1.01) (mx D =0.122 @S = 12.76)
15 0.108 (6.01) -0.012 (1.25)
18 0.043 (0.79) -0.030 (1.78)
Israel (N=483) -26. 324 30. 432 -8.351
(3.30) (4.21) (4.01)
6 0.012  (0.56) 0.031 (4.28)
9 0.082 (6.29) 0.016 (4.04)
12 0.106 (9.79) 0.001 (0.28) (max D = 0.106 @S = 12.15)
15 0.086 (10.45) -0.014 (2.77)
18 0.021 (0.88) -0.029 (3.39)
Czech Republic (N=462, w after tax) -6. 289 9. 250 -2.537
(0. 46) (0.84) (0.87)
6 0.021 (0.53) 0.009 (0. 80)
9 0.042 (2.37) 0.005 (0.70)
12 0.050 (4.15) 0.002 (0.00) (max D = 0.050 @S = 12.16)
15 0.043 (5.56) -0.004 (0.77)
18 0.024 (0.96) -0.009 (0.87)
Bulgaria (N=377) -4.929 8. 281 -2.182
(0. 66) (1.11) (0.93)
6 0.027 (1.38) 0.009 (1.27)
9 0.047 (3.11) 0.005 (1.35)
12 0.055 (4.48) 0.001 (0.22) (max D = 0.055 @S = 12.65)
15 0.052  (3.90) -0.003  (0.44)
18 0.037 (1.02) -0.007 (0.63)
Sl ovak Republic (N=368) 4. 467 0. 986 -0.452
(0.18) (0.05) (0.09)
6 0.052 (0.77) 0.000  (0.00)
9 0.051 (2.41) -0.000 (0.00)
12 0.049 (3.61) -0.001 (0.28) (max D =0.052 @S = 7.26)
15 0.044 (4. 45) -0.002 (0.28)
18 0.036 (1.05) -0.003 (0.05)
Switzerland (N= 305, w after tax) 20. 296 -8.443 1.783
(2.09) (0.96) (0.69)
6 0.121  (4.70) -0.010 (1.20)
9 0.094 (6.24) -0.007 (1.52)
12 0.077 (6.51) -0.004 (1.13) (min D =0.070 @S = 15.78)
15 0.070 (6.17) -0.001 (0.14)
18 0.072 (2.21) 0.002 (0.22)
t statistics are in parentheses. There are wunreported controls for a

fourth-order polynonial in potential experience, and for each year.



Table 5.4
I ndi vi dual Country Regression Results

S D(s) MDr Ms $,x10? $ ,x 103
$.x104
Czechosl ovakia (N=301, w after tax) -15. 125 8. 889 -0. 965
(0.50) (0.38) (0.16)
6 -0.055  (0.63) 0.014  (0.55)
9 -0.015 (0.48) 0.013 (0.81)
12 0.020 (1.22) 0.011 (1.72) (max D = 0.122 @S = 30.70)
15 0.050 (4.05) 0.009 (1.09)
18 0.075 (2.02) 0.007  (0.40)
Spai n (N=284) 3.204 2.194 -0.469
(0. 65) (0.67) (0.29)
6 0.053  (4.33) 0.003 (0.57)
9 0.060 (5.50) 0.002 (0.79)
12 0.064 (6.75) 0.001 (0. 40) (max D = 0.066 @S = 15.58)
15 0.066 (7.04) 0.000 (0.00)
18 0.065 (2.68) -0.001 (0.10)
Canada (N=257) -6.962 6. 456 -0.868
(0.33) (0.38) (0.20)
6 -0.002  (0.00) 0.010  (0.53)
9 0.026 (1.12) 0.008 (0.75)
12 0.048 (2.49) 0.007 (1.46) (max D = 0.090 @S = 24.80)
15 0.065 (4.71) 0.005 (0.77)
18 0.078 (3.17) 0.004 (0.26)
Phi | i ppines (N=184) -4.263 12. 637 -2.235
(0. 24) (0.61) (0.30)
6 0.085 (3.02) 0.017 (1.10)
9 0.131 (4.42) 0.013 (1.91)
12 0.164 (6.63) 0.009 (0.63) (max D = 0.196 @S = 18.85)
15 0.186 (2.78) 0.005 (0. 20)
18 0.195 (1.19) 0.001 (0.00)
Latvia (N=154, w after tax) 61. 064 - 40. 655 9. 880
(0.96) (0. 85) (0.84)
6 0.229 (1.20) -0.046  (0.85)
9 0.119 (1.73) -0.028 (0.84)
12 0.062 (1.95) -0.010 (0.69) (min D =0.053 @S = 13.72)
15 0.058 (1.93) 0.008 (0.52)
18 0.107 (1.63) 0.025 (0.76)
t statistics are in parentheses. There are wunreported controls for a

fourth-order polynonial in potential experience, and for each year.



Table 6
Dummy- Vari abl e Regressi on Results

S 3 Ps- s 1

1 -.0267 (1.73) -0.267 (1.73)

2 0.147 (1.02) 0.415 (2.72)

3 -0.074 (0.60) -0.221 (1.83)

4 0.004 (0.03) 0.078 (0.93)

5 0.028 (0.25) 0.024 (0.39)

6 -0.031 (0.29) -0.059 (1.23)

7 0.055 (0.52) 0.086 (2.28)

8 0.010 (0.96) 0.045 (1.89)

9 0.015 (1.48) 0.054 (4.03)

10 0.233 (2.24) 0.079 (6.28)

11 0.285 (2.74) 0.052 (4.50)

12 0.357 (3.43) 0.071 (6.45)

13 0.438 (4.19) 0.081 (6.95)

14 0.469 (4.48) 0.031 (2.09)

15 0.530 (5.07) 0.061 (3.76)

16 0.667 (6.39) 0.138 (9.03)

17 0.675 (6.43) 0.007 (0.44)

18 0.716 (6.81) 0.041 (1.98)

19 0.691 (6.48) -0.025 (0.88)

20 0.736 (6.93) 0.045 (1.39)
t statistics are in parentheses. There
are unreported controls for a fourth-
order pol ynomi al in potenti al
experience, and for each year in each

country.



