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Abstract

This paper presers a simple model of human capital, ideas, and
economic growth that integrates contributions from seweral di erent
strands of the growth literature. The model generatesa regression
speci cation that is very similar to that employed by Mankiw, Romer
and Weil (1992), but the economicsunderlying the speci cation is
very dierent. In particular, the model emphasizesthe importance
of ideas and technology transfer in addition to capital accunulation.
The model suggestghat cross-coutry data on educational attainment
is most appropriately interpreted from the macro standpoint as some-
thing like an investmen rate rather than as a capital stock. Finally,
this setup helpsto resole a puzzle recertly highlighted by the empir-
ical growth literature concerninghuman capital and economicgrowth
by following Bils and Klenow (1996) in emphasizinga relationship be-
tweenwagesand educational attainment that is consistert with Min-
cerian wageregressions.
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1 Intro duction

This paper developsand analyzesempirically a simple model of human cap-
ital, ideas,and economicgrowth that integrates cortributions from se\eral
di erent strands of the growth literature. These strands, and a discussion
of what | try to emphasizein the paper, are outlined below.

Romer (1990) and the Resarch-Basal New Growth Theory. The re-
cent advancesin newgrowth theory emphasizethe importance of ideas,
nonrivalry, and imperfect competition for understanding the engineof
economic growth. Romer (1993) arguesthat these issuesmay also
be important for understanding economic developmert. Nelson and
Phelps (1966) provide a way of thinking about technology transfer
that incorporates both human capital and advantagesto \backward-

ness."

Mankiw et al. (1992) (MRW). MRW show that a simple necclassical
model can explain up to 80% of the cross-couitry variation in the log
of per capita GDP, especially if it incorporates di erences in human
capital investmert acrosscourtries.

Barro and Lee (1993) and Bils and Klenow (1996). Barro and Leepro-
vide an extensive panel data set on educational attainment for a large
number of courtries. Bils and Klenow argue for including educational
attainment in a model in a way that is consistert with Mincerian wage
regressions.

Benhabiband Spiggel (1994), Islam (1995), Pritchett (1996), and Jud-
son (1996). Thesepapersdocumert in various ways a puzzleinvolving
the relationship between human capital and economic growth. The
puzzle appearswhen one looks at a growth-accourting approacd that
involvesvariableslike the Barro and Lee (1993) human capital stocks.
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In either simple or multiv ariate regressionsof the growth rate of out-
put on the growth rate of the human capital stock, the human capital
stock appearswith a negative coe cien t.

Weitzman (1996) suggeststhat a useful analogy for understanding the
researt processis a child's chemistry set: researt proceedsby taking vari-
ous elemeris (various ideas) and joining them together. Most combinations
are useless,but a few combinations are extremely valuable. In this paper,
I consider the various elements of the growth literature just outlined and
combine them together in a particular |and hopefully valuable!|w ay.

Seweral insights emergefrom this combination. First, even though the
model emphasizesthe importance of ideas and researt), one can derive an
empirical speci cation from the model that is nearly identical to the re-
gressionestmated by Mankiw et al. (1992). The MRW level regressions
are a very useful way to organize one'sthinking about why di erent coun-
tries achieve di erent levels of income, but the speci cation says very little,
I think, about the importance of a \neoclassical" growth model versus a
growth model basedon imperfect competition and ideas?

Second,many authors haveinterpreted the Barro and Lee (1993) data on
educational attainment as measuringthe stock of human capital per person
in an econony. In the model preseried here,the most natural interpretation
of the Barro and Lee (1993) educational attainment data is as something
like a rate of investmen in human capital rather than as a human capital
stock. More precisely thesedata correspond to the fraction of an individu-
al's time endowvmernt that is spent accunulating skills. Unlik e the physical
capital stock or the capital stock per person,this variable is constart along
a balancedgrowth path. This hasimplications for how these data are used
in growth accourting exercises.

!Barro and Sala-i-Martin (1995) and Bernard and Jones (1996) make a similar point
with respect to the convergenceliterature.
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Third, the empirical estimation of the level regressionderived from the
model veri es seeral of the results found by Mankiw et al. (1992). However,
the t of the modelis far from perfect, suggestingthat an important feature
of the technology transfer processis not captured by the model that is
presered. | discusssomeavenuesfor future researt that | am pursuing in
order to addressthis issue.

Finally, the setup consideredhere provides one possibleresolution of the
human capital puzzlemertioned earlier. In particular, the formulation of the
model suggeststhat it is not the growth rate of the educational attainment
variable that belongsin the speci cation, but rather the changein the level.
Regressionghat follow this approad look remarkably similar to the MRW-
style level regressionsin which the educational attainment variables shon
up strongly.

The paper is organized as follows. Section 2 preseris the basic model,
integrating se\eral strands of the growth literature. Section 3 considersthe
empirical applications of the model, and Section 4 concludes.

2 The Mo del
2.1 Pro duction

Three kinds of goods are produced in the econony: a consumption good
(\output™), a human capital good (\exp erience" or \skill"), and new vari-
eties of intermediate capital goods (\ideas"). 2

Output Y is produced by competitive rms using labor Ly and a col-
lection of intermediate capital goods xj. The amount of human capital per
personin the rm determinesthe range of intermediate capital goods that
the rm can use. That is, human capital in this model is interpreted as
skill or experiencein using advanced intermediate goods. The production

2The model in this section draws heavily on Jones (1996).
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function for a rm employing workers of averageskill h is
Z h(t)
Y(t) = Ly()? xi(t) di; (1)
0

where0 < < 1, sothat a rm with skill level h facesconstart returns
to scalein production. This kind of speci cation diers from that usedin
Romer (1990) in that the range of goods that can be usedby a rm has
both a nonrivalrous and a rivalrous componert: the intermediate good must
have beeninvented, and the workersin the rm must have learned to use
the intermediate good.® Becausethere are constart returns to scale,given
h, and becauseindividuals in this econony are identical, we can focuson a
single, competitiv e represenative rm.

As an alternativ e to producing output, individuals can spend their time
acquiring skills. That is, they can learn to use more advancedintermediate
capital goods. Activities such as on-the-job training, education, and ap-
prenticeships are all examplesof skill acquisition. Individuals accunulate
human capital according to

A(t)

h(t) = e “On(t) ) : )

In this equation, u(t) is the fraction of anindividual's labor endovment spent
accurrulating human capital, is an arbitrary positive constart, and A(t)
represerts the technological frontier, i.e. the total measureof intermediate
goods that have beeninvented to date.

Equation (2) can be motivated in seweral ways. The equation is similar
to the speci cation employed by Lucas (1988), particularly if the last term
is ignored. Lucas favored a speci cation that was linear in h so that the
model generatedendogenousggrowth. The last term of equation (2) imposes
curvature on the model, rendering it lessthan linear in h. With > 0, the

3Similar speci cations have been employed by Ciccone (1996) and Easterly, King,
Levine and Rebelo (1994).
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eqguation incorporates an advantage to \backwardness"as in Gersdenkron
(1952). The curvature implies that it is easierto learn to useintermediate
goodsthat arefurther from the frontier; goods closeto the frontier are harder
to master. More generally, the notion that time spent acquiring skills and
\backwardness" interact to a ect the level of productivity in an econony
datesbadk at leastto Nelsonand Phelps (1966).

Another motivation for the speci cation in (2) isthat it is consisternt with
microeconomicevidenceon the relationship betweenwagesand schooling or
experience. According to Mincer (1974), an additional year of schooling or
an additional year of experienceshould increasewagesproportionally. That
is, the relationship betweenwagesand schooling or experienceis a semi-log
form. Equation (2) sharesthis property, as we will seeshortly. Bils and
Klenow (1996) emphasizethis microeconomicregularity in building a model
of human capital and growth.*

In order for individuals to learn to usean intermediate good, the design
for the intermediate good must have beeninvented. In thinking about the
production of \ideas" in this econony, it is usefulfor the momert to interpret
the model asone of a large, advancedclosedeconony. Later, we will discuss
the model's implications for idea ows acrosscountries. The production

function for ideasis given by

At) = ™h(t) La(t) 3
h(t) La()A(L) :

This production function follows the modi cation in Jones (1995) of the
Romer (1990) speci cation. Units of labor L o produceideasbasedon their
skill, with elasticity > 0. The productivity of a skill-adjusted unit of

labor, 7, is an increasing function of the existing stock of ideas( > 0).

4Their speci cation is one in which e explictly enters the production function for
nal output, where N is years of schooling.
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This incorporates an intertemporal knowledge spillover into the model.®

A feature of this equation not in Jones(1995)is that the skills of individ-
uals augmert their ability to produceideas,apart from knowledgespillovers.
One can interpret the di erence as follows: h captures the e ects of past
knowledge on future production of ideasthat can be \in ternalized" while
A captures the knowledge spillovers that are external in scciety. The ef-
fect of education increasing an individual's abilities, either in researt or
in the production of output, is potentially internalized either by markets
or by forward-looking individuals. On the other hand, the invention of the
laserand just-in-time production presumably generatespilloversinto future
researd that the inventors are unable to capture.

2.2 Factor Accum ulation

Capital K is accurnrulated by foregoing consumption and is measuredin
units of the output good:

K(t) = sk ()Y (1)  dK(t); (4)

where sk is the investmert shareof output (the rest going to consumption)
and d > 0 is someconstart exponertial rate of depreciation.

Units of an intermediate capital good x; are created one-for-one with
units of raw capital. To simplify the setup, we assumethis transformation
is e ortless and can also be undone e ortlessly. Thus,

Z no) _
Xj(t) di = K(t): (5)

Intermediate goods are treated symmetrically throughout the model, sothat
Xi(t) = x(t) for all i. This fact, together with equation (5) and the produc-
tion function in (1) implies that the aggregate production technology for

5Other e ects, such as a duplication externality, can be included as well. SeeJones
(1995) and Jones and Williams (1996).
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this econony takesthe familiar Cobb-Douglasform
Y =K (hLy)t (6)

where we have suppressedtime subscripts (which we will continue to do
when the meaningis clear).

The fundamental factor of production in this model is labor, and we
have already described its various uses. The total quartity of labor in the
econony is given by L(t), which is assumedto grow exogenouslyat rate
n > 0.5 The labor market clearing condition is

Ly + Lh+ La = L; (7)

whereLy uL.

To summarize,the structure of the model is the following. An individual
accurrulates skills h which represen the range of intermediate goods that
the individual haslearnedto use. The individual then spendstime either
producing the consumption/capital good Y, accunulating additional skills,
or searding for new designsof intermediate goods. Individuals accurrulate
capital to smooth consumption, and the population of the econony grows
exogenouslyat rate n.

2.3 The Allo cation of Resources

The resourceallocation decisionsin this econony involve the allocation of
labor over time and the division of output into consumption and investmert
over time. Romer (1990) describeshow the market can be usedto allocate
resourcesn this econony only in the presenceof imperfect competition, and
a similar approac could be taken here. Intermediate goods rms own the
exclusive rights to sell their particular varieties and operate in a monopo-
listically competitiv e environment. Researters prospect for new ideasand

5In terms of human capital, we assumethat new units of labor are automatically
endowed with the averageskill level in the econony.
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are rewarded for their e orts with the presen discourted value of the ow
of prots that canbe earnedin the intermediate goods sector.

An allocation decisionthat is not preseri in Romer (1990) is the deci-
sion of how much time to spend learning to produce with new varieties of
intermediate capital goods. One can model this decisionas being taken by
forward-looking individuals who either recognizeor do not recognizethat
learning to use a new variety has dynamic e ects on future skill acquisi-
tion. In the secondcase,the amount of time spent accurrulating skills will
typically be suboptimal.

In this paper, we choosenot to spend additional time dewvelopingthe mar-
ket allocation of resources.Instead, we will assumethat theseallocations]|
i.e. sk, U, La=L, and Ly=L]are exogenouslygiven. This can be justi ed,
for example, by appealing to taxes and institutions outside the model that
impinge on the forward-looking setup to deliver allocationsthat are (at least
asymptotically) constart. We take these allocations as given and then ask
what the steady state of the model looks like.

2.4 Steady State Analysis

The steady state of the model is most easily described by considering the
production function for ideas. Rewriting equation (3) in terms of growth
rates,

A h La .
A A Al '
In steady state, the growth rates of A and h are constart and equal.” There-

(8)

fore, the ratio h=A is constart, and a balanced growth path requires the
numerator and denominator of the last term in equation (8) to grow at the
samerate. Therefore,

Oa = 9

1 ;

"The steady state of the model is stable, as can be shown by examining the dynamics
of the model.
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where the notation gx will be usedto denote the constart growth rate of
placeholderx, and we have usedthe fact that the share of labor devoted to
researd is constart.

Equation (9) is the human capital-augmerted versionof a result in Jones
(1995). A balanced growth path for the model with a growing population
existsonly if + < 1. This condition implies that the di erential equation
governing the production of ideasis lessthan linear and leadsto a \semi-
endogenous'growth model. Although technological progressis endogenized,
the model exhibits no long-run per capita growth unlessthe population is
growing over time.

Analysis of the production function in equation (6) and the capital ac-
cumulation equation in (4) revealsthat alongthe balancedgrowth path

H=K=0=0 G (10)

wherey Y=Ly andk K-=Ly.8 Becauseof the labor-augmerting nature
of technological changein the model, per capita (or per worker) growth rates
are all equalto the rate of technological progress.

Further analysis of these equations allows us to solve for the level of
output per worker in the nal goods sector:

Sk =@ ) h

m A A (1), (11)

y (t) =

where we have used the superscript asterisk (*) to denote the balanced
growth path.

Moreover, from the production function for skills in equation (2), the
ratio of skills to ideasalong a balanced growth path is given by®

1=
h . —et : (12)

81t turns out to be conveniert to think about output per worker in the nal goods sector
rather than output per member of the labor force. For example, much international data
doesn't include time spent in education in the labor force data.

SWerequire < ge to guarantee that h=A is lessthan unity.
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Combining theselast two equations,

= (1 ) 1=
Sk u

)= ——— —e : 13

YO e ; (13)
This last equation makes clear the appeal of ertering time spent accurru-
lating skill in an exponertial form. Increasesin the level of u will have pro-
portional e ects on labor productivit y and wages,thus matching evidence

from Mincerian wageregressions.

2.5 Comparisons to Previous Work

1. Jones (1995) and Romer (1990). The model illustrates how one can

add human capital to the model of Jones(1995) without changingthe basic
results. In the extended model, standard policies such as investmert tax

credits, subsidiesto R&D, or subsidiesto skill acquisition | at least to

the extent that we think of them as permanert increasesin the rate of

investmert, the shareof labor devoted to R&D, or the amount of time spent

accurrulating skill | have levele ects but no long-run growth e ects in the

model. This results from fundamental lack of linearity in the production

equation for ideas,and asin Jones(1995), this lack of linearity is a necessary
condition for the existenceof a balanced growth path in the presenceof

population growth.

This result can be overturned, but only by making arbitrary assump-
tions about the strength of externalities in appropriate places. For example,
one could set = 0 and have human capital be an input into the produc-
tion of ideasbut not into the production of output (so that designscan be
used immediately after they are created). Segerstrom(1995) follows this
approad, and the linearity of the human capital equation generatesen-
dogenousgrowth, asin Lucas (1988). Howewer, the linearity of the human
capital accunulation equation is then somewhatarbitrary, and the endoge-

nous growth arisesfrom human capital accunmulation, not from researd.
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2. Jovanovic (1995) and \Scale E e cts". Jovanaovic (1995) emphasizeshe
importance of adoption costsrelative to researt costs. He arguesthat if
there are costsproportional to the size of the population that must be paid
in order to implemert ideasthat thesecostswill asymptotically swamp any
xed cost of creating the ideas. This approach might call into question
the signi cance of \scale e ects" and the importance of thinking about the
nonrivalrous nature of ideas.

The model in this paper incorporatesboth an adoption cost(skill acquisi-
tion) and the nonrivalrous nature of ideas. However, the model still corntains
a\scale e ect" and it is still important to recognizethe nonrivalrous nature
of ideas.

Consider rst the issueof \scale e ects." Supposethere are two nearly-
identical economiesof the kind described in this paper. The economiesare
not allowedto interact or shareideas(for example,they are on opposite sides
of the universe). The only di erence betweenthe two economiesis that one
hasa much larger population than the other. Starting from the sameinitial
conditions, it is obvious that the larger econony must grow more rapidly in
the short-run, and this transition e ect leadsthe larger econony to bericher
in the long-run, when both economiesare growing at the samerate. This
can be seenmost easily by consideringthe production function for ideasin
equation (3).

Is this kind of \scale e ect" relevant to the courtries of the planet earth?
Clearly, an issuethat complicates matters is the fact that courtries in the
world share ideas. Moreover, casual empiricism suggeststhat scaleis at
most one among many important factors. For example, China is much
poorer than Hong Kong. In the next section, | will discussinterpreting this
model in the context of a multi-country setting, and the particular version
consideredwill not exhibit scalee ects. Howewver, a more detailed model in
Jones(1996) still exhibits scalee ects in a multi-country setting.
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What about the importance of the nonrivalrous nature of ideas|do es
this becomenegligible in the presenceof adoption coststhat grow with the
population? The answer to this question is surely in the negative, and the
argumert follows Romer (1990). With a nonrival input, all factors cannot
be paid their marginal product, sothat imperfect competition must be in-
troducedinto the model. Intermediate goods will be priced above marginal
cost, with a markup that depends,for example,on the elasticity of substitu-
tion betweenintermediate goods. None of this changesas a result of adding
another rivalrous factor (the training of labor) to the model.

3. Mankiw et al. (1992). The result derived in equation (13) is very sim-
ilar to the result derived by Mankiw et al. (1992) for the human capital-
augmerted Solov model. A courtry is richer along its balanced growth
path the higher is its investmen rate in physical capital sk, the higher is
its investmert rate in human capital u, the lower is its rate of population
growth n, and the higher is its level of technology A.

Howewver, the model underlying this result is very di erent. The MRW
approad builds on a Solov model with exogenoustechnological progress.
There is no researt), no nonrivalry, no imperfect competition, and no learn-
ing to use newly-invented technologies. This suggeststhat macro evidence
of the kind preseried in their paper cannot distinguish betweena \neoclas-
sical" growth model and an R&D-based growth model. Additional evidence
must be brought to bear in order to make this distinction.

2.6 Interpreting the Mo del with Many Coun tries

Up until now, we have been interpreting the model primarily as one of a
large, advancedclosedeconony that grows by pushing out the technological
frontier. In orderto apply this model to a cross-sectiorof courtries, we must
discussthe important issuesof how ideas o w betweeneconomiesand which
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economiedecideto engagen researd. To pushour model asfar aspossible,
we will make another simplifying assumption, motivated in part by what we
have already developed. We assumethat the world consistsof alarge number
of relatively small economies.This is really the opposite of the assumption
we have maintained sofar, soit allowsusto exploreadi erent extreme. The
economieswill besmallin the sensehat the e ect of anindividual econony's
researt on the state of the world technological frontier is small, and in
fact we will ignore this e ect empirically. From an individual econony's
perspective, the world technological frontier is expanding exogenouslyat
rate g ga given by equation (9). We also assumethat the amourt of
researd undertaken in any single econony is small.

Under this assumption, the skill-acquisition equation (2) becomesatech-
nology transfer equation. In order to useatechnologythat hasbeeninvented
somewherein the world, a country must learn the skills assaiated with that
technology. Although from the standpoint of the invention of ideas, knowl-
edgeis nonrivalrous but partially excludable, from the international stand-
point of technology transfer, it may be a useful starting point to assume
that technology is a public good. That is, a developing courtry seesa new
technology being usedin the OECD, and that technology is like a public
good. Provided the deweloping courtry can learn to usethe technology, it
neednot pay for the invertion itself.1?

In the next section, we will discussthe empirical implications of the
model. One can interpret the empirical results as describing how far the
simplifying assumptions made in this model can go in terms of explaining
the cross-sectiondistribution of income.

This approach implies large international knowledge spillovers of the kind explored
recertly by Coe, Helpman and Ho maister (1995). Eaton and Kortum (1995) provide a
more detailed analysis of how ideas might be transferred acrossadvanced economies.
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3 Empirical Applications

Three empirical applications of the model are considered. First, we address
an important question of interpretation that has been overlooked by the
empirical growth literature. The question is how to map data on educa-
tional attainment into our growth models. Second,we considerthe empiri-

cal estimation of equation (13), asin Mankiw et al. (1992), emphasizingour
underlying model's focus on researti and technology transfer. Finally, we
analyze a question recertly raisedin empirical growth literature concerning
the relationship betweenhuman capital and growth. As phrasedin the title

of Pritc hett (1996), \Where hasall the education gone?".

3.1 Years of Schooling: Stocks or Flows?

How to measurehuman capital has beenone of the di cult questionsfaced
by the empirical growth literature. Various authors have employed data on
literacy rates, school enrollmert rates, and public expenditures on education.
Recertly, however, Barro and Lee (1993) have assenbled data on average
educational attainment (i.e. yearsof schooling) per adult in the population
for a large number of courtries at v e year intervals going back to 1960t
This data has been used in a number of recert studies, including Islam
(1995), Barro (1996), Pritc hett (1996), and Judson (1996). In thesestudies,
the practice has beento interpret the averageeducational attainment data
as a measureof the stock of human capital per personin the econony.!?

This practice presumablyis carried over from the labor economicsliterature

" More sophisticated approaches exist as well. For example, Judson (1996) computes a
value of the human capital stock by weighting years of educational attainment by the cost
of various levels of education. Jorgenson and Fraumeni (1992) and Mulligan and Sala-
i-Martin  (1994) use wage di eren tials between educated and uneducated labor to infer
values of stocks of human capital.

12This practice extends beyond the Barro and Lee data set. For example, Benhabib and
Spiegel (1994) interpret alternativ e measuresrelated to educational attainment as stocks
of human capital.
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in which individuals accunulate \sto cks" of human capital that augmert
their wagesfor a lifetime.

From the standpoint of the macroeconomicanalysisof incomeand growth,
however, | believe this interpretation is incorrect. Instead, the educational
attainment data is more appropriately interpreted asa o w variable similar
to aninvestmert rate rather than asa capital stock. Educational attainment
per personis plausibly thought of asa constart, at leastasymptotically. For
example, one might think that averageeducational attainment in the U.S.
will evertually level o at somethinglike 14 yearsof schooling per person. In
contrast, the physical capital stock per persongrows over time (e.g. because
of technological progress). The most natural mapping of the educational at-
tainment data into models of economicgrowth is asthe time an individual
spends accunulating human capital. Taken as a fraction of an individual's
total time endovmert, this data correspondsto the variable u in the model
outlined in the previous section.

It is dicult to judge how much of a problem interpreting educational
attainment asa stock of human capital is in the empirical growth literature.
In cross-coutry growth regressionssuch as Barro (1996), it is plausible to
reinterpret the log of averageeducational attainment as (the log of) an in-
vestmert rate. The regressionvariable then proxies (perhaps with other
variables) for the steady state level of income as in Mankiw et al. (1992)
and makessensein terms of \conditional corvergence." On the other hand,
in growth-accourting regressionssuc as those employed by Benhabib and
Spiegel(1994) and Pritc hett (1996) the interpretation may be more di cult.
In these papers, the estimation is motivated by log-di erentiating the pro-
duction function. That is, output growth is regressedon the growth rates
of the physical capital stock, the human capital stock, and the labor force.
Asymptotically , however, the human capital stock should stop growing if it
is measuredby the averageeducational attainment of the labor force, and
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it is unclear how to interpret the results of the regressionin this context.

3.2 Level Regressions

With this as badkground, we can now proceedto estimating equation (13).
First, however, considerthe equation in logarithmic form:

logy (t)= log A (t)+ EIoga + 1 log sk

log(n+ g+ d)+ —u (14)

As speci ed, the equation does not cortain an error term. We will in-
troduce one in two ways. First, we will assumethat all courtries are on
their steady state balancedgrowth paths. To the extent that they are not,
this will be captured by an error term. Second,accordingto the model, all
di erences in labor productivit y are accourted for by physical investmert
rates, population growth rates, and time spent learning about the technolo-
giesavailable in the world. To the extent that the model is misspeci ed, we
will nd large residuals. We will exploit this argument belov as a \test” of
the model.

In general,there is no reasonto supposethat these sourcesof the error
term are uncorrelated with the variables on the right-hand-side of equa-
tion (14). However, we will proceedwith ordinary least squaresto seewhat
kind of relationships the data and the model together suggest.

The data usedto estimate equation (14) are primarily taken from the
Penn World TablesMark 5.6 of the Summersand Heston (1991) data set.
For logy we usethe log of real GDP per worker for 19901 For sk we use
the averageinvestmert rate from 1980to 1990.

13Recall that according to the model, the appropriate variable is output per wokrer in
the nal goods sector. Becausetime spent in sdool is not counted in the labor force,
this is a reasonablemeasure. Also, we are ignoring labor employed in researd. Since the
measured shares of labor in researd are quite small, even in advanced countries, this is
probably inconsequertial.
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To measureu, onewould ideally prefera measurethat includeson the job
training aswell astime spent in the formal education sector. However, this
data doesnot seemto be available for alarge number of courtries. Therefore,
we measureu using the averageeducational attainment variable from Barro
and Lee (1993), including primary, secondary and tertiary education. Data
is reported at v e yearintervals from 1960to 1985, and we usethe average
of the 1980and 1985 obsenations.

To compute u, oneneedsto divide educational attainment by the average
time endovment of individuals in years. Instead of picking an arbitrary
number, we instead simply use educational attainment as the independert
variable sothat the averagetime endavmert is included in the coe cien t.14
We will usethe notation N for the averageeducational attainment in years.

Table 1 reports the results of estimating equation (14). As the regression
is very similar to the one implemented by Mankiw et al. (1992), the basic
results are familiar. In a large sample of courtries, a simple speci cation
involving physical investmert rates, population growth rates, and a human
capital investmert rate can explain a large fraction of the variation in (log)
output per worker acrosscourtries. Here, the R? is 0.713. In addition,
the estimate of , the elasticity of the production function with respect to
physical capital, is 0.344,which agreesquite well with evidencefrom income
sharesand other empirical studies.

Interpreting the coe cient on u is more complicated. In terms of the
parameters of the model, the coe cient is = divided by the averagetime
endovment (lifetime) of an individual. A more direct interpretation is the
econometricone: an increasein averageeducational attainment of one year
raisesoutput per worker by approximately twenty percert. In terms of stan-
dard deviations, a one standard deviation increasein average educational

attainment is assaiated with an increasein log Y=L of 0.56 standard devia-

4 Notice that the levels speci cation cannot separately identify and anyway.
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Table 1: Level Regression,1990

Variable Unconstrained Constrained
Constant 7.402 (1.294) 7.785 (0.135)
log sk 0.519 (0.118)
log(n + g+ d) -0.688 (0.567)
logsk =(n+ g+ d) 0.525 (0.118)
N 0.191 (0.031) 0.195 (0.029)
0.344 (0.051)
p-value .76
R2 710 713

Note: NumObs=90. The p-value corresponds to the test of whether or
not the coe cien ts on logsk and log(n + g+ d) are the same. White
heteroskedasticity-robust standard errors are reported in parentheses.

tions. Finally, the coe cien t suggeststhat if Cameroon wereto increaseits
educational attainment from 2.00yearsper personto the U.S. level of 11.84
years per person, its output per worker would rise from $2,490to $16,963
(compared to a U.S. level of $36,754). Of course, these numbers are only
meart to be suggestie, as the causality of the relationship is not rmly
established,but clearly the educational attainment variable is economically
aswell as statistically signi cant.

Another way to analyze these results is to think of them as a test of
the model proposedin the previous section. To the extent that we have ac-
counted successfullyfor the important sourcesof income di erentials across
courtries, the residuals from this estimation should be small. The R? of
0.713is somewhatfavorable, but it masksimportant di erences in residuals
acrosscourtries. Theseresidualsare plotted in Figure 1.
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Figure 1: Residualsfrom Equation (14) versuslog Y=L
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The generalupward slope in the gure suggeststhat courntries that are
rich arericher than the model would predict, and courtries that are poor are
poorer than the model would predict. In other words, there is a systematic
di erence in incomesacrosscounries that the model doesnot capture. To
seethe magnitude of this di erence, notice that the residual varies from
about -1 for poor courtries to about +1 for rich courtries. That is, it is not
uncommonto nd courtries that are either 2.7 times poorer or 2.7 times
richer than the model would predict.

This suggeststhat, while capturing signi cant di erences in income
acrosscourtries, the model still omits important determinants.’® An av-
enue | am exploring in Jones(1996) is that circumstancesbeyond learning
to usenew technologiesa ect whether new ideasare implemented. In par-

Giventhe fact that N and s are probably correlated with whatever it is that we are
missing, the amount of variation that remains to be explained is likely even larger.
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ticular, ideasare likely to be put into place only when an investor expects
to earn a sucien tly large prot on the idea. Even in a society in which
educational attainment is fairly high, if entrepreneurs are not allowed to
capture rents from their e orts, new ideasmay not be taken advantage of.
It remainsto be seenwhether a model that incorporates these additional
e ects can make progressin explaining the cross-sectionaldistribution of
income.

3.3 \Where has all the education gone?"

Sewral recert studies in the empirical growth literature have emphasized
the following nding: although levels of various measuresof human capital

have explanatory power in growth regressionsthe growth rate of the stock of

human capital hasvery little explanatory power and often erters regressions
negatively instead of positively. Thesestudiesinclude Benhabib and Spiegel
(1994), Islam (1995), and Pritc hett (1996). This leadsthe authors to ask,

quite naturally, why the courtries that have increasedtheir human capital

more rapidly have not performed better. Why haven't these investmerts

paid of in the aggregate? Benhabib and Spiegel (1994) and Islam (1995)

answer the question by arguing for a di erent empirical speci cation, one
in which the level of human capital enters instead of the growth rate of

the human capital stock. However, in many ways, this simply ignoresthe

problem.

Intuitiv ely, the problem arisesbecausese\eral very poor courtries with
very low levelsof educational attainment have increasedtheselow levelsby a
large percertage amount: e.g. from 1 yearto 2 years,or 100%. In cortrast,
rich countries have increasedtheir levels by one or two years as well, but
starting from a much higher base. This is shavn by plotting the educational
attainment data by continent in Figure 2.

One possible resolution of this puzzle is that it is not the percertage
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Figure 2: Educational Attainment in Yearshby Continent
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change in educational attainment that matters, but rather the changein
levels. In fact, this is exactly what a model basedon the Mincerian micro-
foundations suggests,as shown in the previous section.1®

Table 2 illustrates the puzzle by including the logarithm of averageedu-
cational attainment in the regression.The speci cation is rst estimatedin
levels for 1990 and 1960, treating both years as steady state obsenations.
As reported in the table, the results are very similar to those in Table 1.
The last regressionof the table is the di erenced speci cation; all variables
are the 1990 level minus the 1960level, and the negative coe cien t on the
changein the log of averageeducational attainment replicatesthe traditional

18] do not desene any of the credit for making this point. | rst heard the suggestion
from the participan ts of an N.B.E.R. conferenceon human capital and economicgrowth in
February, 1996, at Stanford. As | recall, Kevin Murphy, Alwyn Young, and Pete Klenow
emphasized this in discussing Pritc hett (1996). Independertly, Julie Scha ner made a
similar suggestionto me.
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Table 2: RegressiondJsing the Log of Educational Attainment

Di erence

Variable Level, 1960 Level, 1990 1990{1960
Constant 5.350 (0.580) 5.814 (0.783) 0.621 (0.085)
logsk =(n + g+ d) 0.425 (0.149) 0.437 (0.168) 0.394 (0.095)
logN 1.032 (0.184) 0.500 (0.137) -0.050 (0.128)

0.298 (0.073) 0.304 (0.081) 0.282  (0.049)
R2 668 522 141

Note: NumObs=78. White heteroskedasticity-robust standard errors are reported in
parentheses. For the 1990 regression,sk and n are computed as averagesfrom 1986 to
1990 and the Barro-Lee data for 1985 is used. For the 1960 regression, sk and n are
computed as averagesfrom 1960to 1964 and the Barro-Lee data for 1960 and 1965 is
averaged.

puzzle. The partial correlation is displayed graphically in Figure 3.

In corntrast, Table 3 and Figure 4 illustrate that thereis nolongerapuzzle
when the level of average educational attainment is used, as suggestedby
the Mincerian approac usedin the model here. Even in the speci cation
using the 1990-1960di erenced data, the level of educational attainment
enters positively and signi cantly with a coe cient that is quite closeto
the coe cien t in the level speci cations. This positive partial correlation is
illustrated graphically in Figure 4.
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Table 3: RegressiondJsing the Level of Educational Attainment
Di erence
Variable Level, 1960 Level, 1990 1990{1960
Constarnt 5,512 (0.538) 5.950 (0.650) 0.301 (0.123)
logsk =(n+ g+d) 0506 (0.128) 0.377 (0.138) 0.353 (0.095)
N 0.191 (0.031) 0.189 (0.031) 0.159 (0.064)
0.336 (0.056) 0.274 (0.073) 0.261 (0.052)
R? .678 571 .205

Seenotes to Table 2.

Figure 3: The \Puzzle" using Logs
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Figure 4: The Resolution: No Logs
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4 Conclusion

Combining insights from Romer (1990), Mankiw et al. (1992), Nelson and
Phelps(1966), and othersto obtain a model that emphasizeghe importance
of technology transfer in understanding cross-courtry di erences in income
seemsto be a promising avenue worthy of further researtt. The analy-
sispreseried here suggestghat a model emphasizingreseard and ideascan
generatethe relativ ely successfutross-coutry regressionpursuedby MRW.
But it alsohighlights the failings of this simple framework: it is not uncom-
mon to nd economies2.7 times poorer or 2.7 times richer than what the
model predicts.

The paper also suggestsseveral insights related to human capital. First,
the educational attainment data assenbled by Barro and Lee (1993) and
other similar data seriesare most accurately interpreted as something anal-
ogousto an investmert rate rather than as a capital stock. This inter-
pretation is consistert with the obsenation that educational attainment is
asymptotically bounded;it doesnot grow without bound over time like the
physical capital stock per worker.

Finally, the model followsthe lead of Bils and Klenow (1996) by including
educational attainment in the model in a way that is consistert with Min-
cerian wageregressions.This framework provides a natural resolution to a
recertly documented empirical puzzle. Benhabib and Spiegel(1994), Islam
(1995), and Pritc hett (1996) report negative coe cien ts of human capital
growth rates in growth accourting regressions.The speci cation suggested
here implies that it is not the growth rate of educational attainment that
belongsin these regressionsbut rather the changein the level. Empirical
analysis of this speci cation reveals a relatively stable coe cien t on edu-
cational attainment regardlessof whether the speci cation is estimated in
levels or di erences.
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