
Jïï/uman Capital Investment 
And Economic Growth: 

New Routes in Theory 
Address Old Questions 

Ellis W. Tallman and Ping Wang 

Tollman is an economist in the 
macropolicy section of the 

Atlanta Feds research depart-
ment. Wang is an assistant 

professor in the Department of 
Economics of The Pennsylvania 

State University and visiting 
senior economist at the Federal 

Reserve Bank of Dallas. 

rhe question of how economies grow has been a central topic of re-
search for economists since the time of Adam Smith. The formal 
analysis of growth focuses on long-run economic progress, and 
since the mid-1950s the dominant theoretical framework for in-
quiry into economic development, the model proposed by Robert M. 

Solow (1956) and T.W. Swan (1956), has provided a paradigm for analyzing 
growth that formalizes how inputs of physical capital and raw labor com-
bine to create real (inflation-adjusted) output. In related empirical work Ed-
ward F. Den i son (1962) e m p l o y e d stat is t ical m e t h o d s in a p rocedu re 
referred to as g rowth account ing to inves t igate the sources of i ncome 
growth. Denison focused on the growth rates of physical capital and raw la-
bor to determine how much income growth can be explained by the growth 
in inputs. 

Unfortunately, in applications of the Solow-Swan model as well as growth 
accounting the empirical results show that the input growth rates fail to ex-
plain most of the variation in output. In general, the unexplained portion of 
output growth has been attributed to the area of technological progress, 
where measures of inputs do not capture improvements in output creation 
such as new methods of production and innovations in transportation. 

Theodore W. Schultz (1961) attributed the fact that the growth in output 
exceeds that of the measured inputs—the components of production, physi-
cally reproducible capital and raw labor worker-hours—to investment in hu-
man capital. His analysis focused on the concept that individuals invest in 
learning skills, gaining knowledge, and otherwise enhancing their physical 
or mental abilities. According to Schultz, improvements embodied in inputs, 
such as technological changes, are likely the products of human capital in 
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action, especially in the United States, where much 
le isure t ime is spent enhanc ing skills and ga in ing 
knowledge. His intuitive argument implies that tech-
nological change, often viewed as an exogenous or exter-
nal factor affecting the economy, may be explainable 
within a model embodying the human capital invest-
ment decision. While Schultz sought to address exist-
ing research on economic growth and development, he 
also related his comments to studies examining the re-
turns to education, which now make up a voluminous 
body of literature but were new discoveries at the time 
of his writing. 

The literature on human capital and growth high-
lights the concept of human capital as a mechanism to 
advance technology, improve productivity, and gener-
ate growth. This article reviews that research and elab-
orates Schultz's assertion appending human capital to 

Technological change, often viewed as an ex-
ternal factor affecting the economy, may be 
explainable within a model embodying the 
human capital investment decision. 

the Solow-Swan growth model. A discussion of the re-
lat ionship between educat ion and l i fe t ime earnings 
presents relevant empirical evidence. The article then 
synthesizes the recently developed endogenous growth 
literature—that is, the studies examining forces within 
the economy that may generate growth. The analysis 
considers the role of human capital in enhancing out-
put growth, emphasizing how the rational decisions of 
individuals choosing to invest in education may make 
a difference. Both theoretical and empirical deficien-
cies in the existing studies are summarized. In conclu-
sion, the article points out policy implications of the 
findings concerning human capital and its relationship 
to output growth. 

Observing that international trade and competition 
have drastically reduced earnings potential for lesser-
skilled workers, policy-oriented research has proposed 
that future job growth will be in technical fields, re-
quiring workers to have advanced educat ion levels. 

The crises in U.S. cities among the unskilled unem-
ployed and in education systems illustrate the need for 
investments in support of human capital formation, it 
is appropriate that the topic of human capital has re-
ceived attention not only from U.S. policymakers and 
the economics profession but also f rom the business 
world (see, for example, Bruce Nussbaum et al. 1988 
and Leonard Silk 1992). 

7Tie Solow-Swan Growth 
Model and Growth Accounting 

The Solow-Swan model in many ways revolution-
ized the theory as well as the measurement of economic 
growth. Its impact has been widespread across various 
economic disciplines. 1 The characteristics described 
here will paint at least a superficial picture of this in-
fluential model. 

The Solow-Swan growth model begins with a basic 
assumpt ion that output (Y) can be produced using 
combinations of physical capital (K) (including repro-
ducible machines, equipment, and buildings) and labor 
(L) in variable proportions. The model assumes con-
stant returns to scale {CRTS), implying that doubling 
the amount of each input in combination will double 
the output. However, if either input is held fixed and 
the other is doubled, output will increase by less than 
double. 2 In addition to using labor and capital as the 
only inputs, the economy's production function is sub-
j ec t to a t e c h n o l o g i c a l f a c to r (A) in the s t andard 
Solow-Swan model representa t ion. 3 The production 
function for the economy, often referred to as the ag-
gregate production function, is given below: 

Y = F(K, AL), (l) 

where the product ion func t ion , F, de te rmines how 
much output, Y, can be made by combining inputs of 
capital and labor, K and L, in the production process. 
The factor A represents the labor-augmenting techno-
logical advancement, which is exogenous. The labor-
a u g m e n t i n g cha rac t e r of the t e chno log i ca l f a c t o r 
means that it is like simply adding more labor to the 
production function. This specification of the factor is 
referred to as Harrod-neutral technological change. 

The model ' s steady-state relationships—in which 
all var iables grow at constant ra tes—highl ight key 
impl ica t ions that have been a source of c r i t ic i sm. 
One important equation can be derived directly f rom 
the defini t ion of the growth rate of capital and the 
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equation for aggregate investment/savings. The steady-
state equation is below: 

s(Y/L) = (n + X)K/L, (2) 

where s is the savings rate, n is the rate of population 
growth, and A is the rate of technological advancement. 
With constant returns to scale, per capita output (Y/L) 
is a function of the capital-labor ratio (K/L) alone. Thus 
the equation can be used to determine the steady-state 
accumulation of physical capital in per capita units (al-
so see Chart 1). In the equation, two exogenous pro-
cesses (/?, A) determine the economy's growth rate. The 
savings rate determines the equilibrium output/labor 
and capital/labor ratios, but increased savings cannot 
alter the rate of economic growth in the model. In addi-
tion, the population growth rate cannot alter the per 
capita growth in output. The only way to achieve high-
er per capita output growth is to have a greater rate of 
technological advancement, something presumed to be 
outside the control of the agents in the economy. 

To explore the role of technological change for ex-
plaining growth in the United States, Solow (1957) 
employed a simple empirical analogue to the growth 
model . In it, he est imated a series he referred to as 
"technological change" (often called the "Solow resid-
ual") that reflects the concept of an external force gen-
erating economic growth. The notable finding was that 
almost 90 percent of the growth in the U.S. economy 
from 1909 to 1949 could be attributed to the techno-
logical factor. 

Chart 1 
Steady-State Capital Accumulation 

In the Solow-Swan Model 

Denison (1962, 1974) provided alternative estima-
tion of economic growth, referred to as growth ac-
counting. The empirical method begins with the basic 
assumption that output depends on numerous determi-
nants (inputs) and that changes in these inputs cause 
output changes. How much growth a particular source 
cont r ibutes depends upon its impor tance to output 
growth as shown in the amount that output growth 
changed. The statistical methods attempt to measure 
the sources of economic growth using data on relevant 
inputs. 4 The typical growth accounting equation is 

AY/Y=a(&L/L + AA/A) + (l - a ) A K / K , (3) 

w h e r e A A/A r ep re sen t s the g r o w t h rate of labor-
a u g m e n t i n g t echno log ica l c h a n g e , a is the l abor 
income share (that is, the return to labor from the pro-
duction of output), and (1 — a ) is the capital income 
share. 5 Denison measured the growth in labor hours 
and capital stock and compared these variables with 
the growth in output. In his 1962 study Denison found 
that in the United States over the 1909-57 period real 
ou tpu t , e m p l o y e d worke r hours , and capi ta l s tock 
grew an annual average rate of 2.9 percent, 1.4 per-
cent, and 2.4 percent per capita, respect ively. 6 That 
part of ou tpu t g rowth not a c c o u n t e d f o r by input 
growth, the residual measure that he interpreted as 
"advances in the state of knowledge," is comparable to 
the rate of technical progress in Solow (1957). Many 
researchers have found the significant proportion of 
output attributed to an external (exogenous) process of 
knowledge or technological advancement an obvious 
f law in the theory and its application. The model ap-
peared to leave an inordinate amount of variation in 
economic growth unexplained. 

/education and Human 
Capital Investment 

Schultz (1961) emphasized a linkage between earn-
ings and education, suggesting that investment in hu-
man capital accounts for most of the observed rise in 
real earnings. In addition, he proposed that the value of 
human capital may be as big or bigger than the value 
of the tangible physical capital stock, with a rate of 
growth in excess of capital growth. 7 Schultz also ac-
knowledged that improvements in factor input quality 
generally affect productivity. For example, suspension 
bridge construction methods illustrate how input quali-
ty has improved over time, increasing productivity. The 
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construction of the Brooklyn Bridge took fourteen 
years in the 1880s; during the 1960s the Verrazano-
Narrows Bridge, more than twice the span of the 
Brooklyn Bridge, was built in five years. Such im-
provements in productivity may result from advances 
in physical technology (new capital goods), the stock 
of knowledge, or human capital embodied in individual 
workers. The matter is a key issue in research. 

Although the idea of investment in human capital 
may seem intangible and difficult to quantify for sci-
entific analysis, measuring the individual's education 
levels has been a successful method. Gary Becker 
(1975), for instance, investigated the returns to educa-
tion in the United States. The theory analyzes the edu-
cational choice of consumers, using a model in which 
individuals choose the level of education that they de-
sire on the basis of expected returns to their invest-
ment of time, effort, and expense. Becker explicitly 
linked the education level of an individual to his or her 
productivity as a worker, implying that those workers 
with higher education are more productive and there-
fore receive higher wages. The human capital invest-
ment function is as follows: 

HCINV = G(R, T, B, H\ (4) 

where IICINV is the rate of investment in human capi-
tal, G is the human capital investment function, R is 
the input of other resources (capital and labor), T is the 
input of time toward education, B is the physical and 
mental powers of the individual, and H is the input of 
human capital. Additional amounts of any of these in-
puts result in increased production of human capital— 
that is, human capital investment is a positive function 
of all the inputs. 

in 1976 Sherwin Rosen published a breakthrough 
article that introduced dynamics to the theory of life 
earnings relying on human capital investment. The 
lifetime earnings function is below: 

W{t) = \"E(H,H,s)e-r{s-t)ds, (5) 

where W(t) represents lifetime earnings, N is the prede-
termined length of the work life, E is the current earnings 
function, 5 measures time, and r is the discount factor. 

The model takes into account future as well as cur-
rent earnings, discounting future earnings and present-
ing a lifetime earnings function. In this framework, 
current earnings are positively related to the accumu-
lated human capital stock (//) but are negatively relat-
ed to increased current investment in human capital 
( / / ) because it takes time and resources away from 

current work effort and wages. Clearly, there is a 
trade-off between current earnings and increased fu-
ture productivity by further investment in human capi-
tal today, and the model takes account of these factors 
and determines an optimal level of human capital in-
vestment. 

Chart 2 reflects the earnings capacity (EC) and ac-
tual earnings (E) over an individual's lifetime. Earnings 
capacity exceeds actual earnings, and the difference 
between them reflects human capital investment. The 
chart illustrates the tendency of the lifetime pattern of 
earnings to peak during middle age and to show the 
greatest difference between earnings and earnings ca-
pacity in the early years. Human capital investment 
during the early stages of a lifetime has a long time to 
generate returns. An individual who invested less in 
human capital would have flatter curves on this chart. 

Rosen's work is important not only for adding the 
temporal dimension to the analysis of returns from ed-
ucation but also because it elaborates on the various 
ways that education enhances human capital. Certain 
processes that take place on the job—for example, 
learning by doing and specific job training—add to hu-
man capital by increasing worker productivity. Rosen's 
theory emphasizes that education both improves an in-
dividual's knowledge once and for all and strengthens 
the individual's capacity to learn on the job, thereby in-
creasing the worker's speed of human capital accumu-
lation. This insight implies that the labor productivity 
enhancement from investment in human capital may 
exceed that recognized by Becker (1975). 

Chart 2 
Earnings Capacity versus Lifetime Earnings 

EC 
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.Empirical Evidence on 
Returns to Education 

The evidence on returns to investment in education 
is voluminous, and the selective sample offered here 
attempts only to raise some issues that relate, directly 
and indirectly, to inquiries on economic growth. The 
work of T. Paul Schultz (1988), for example, raises ad-
di t ional ques t ions about our unde r s t and ing of the 
sources of growth, suggesting that although it may be 
comfortably assumed that the changing quality of cap-
ital and labor are likely sources of growth, accounting 
for such sources explicitly remains unresolved. Schultz 
presented a useful survey of the literature on the re-
turns to education as well as the link between educa-
tion and growth and concluded that " the record of 
sustained modern economic growth in real per capita 
income cannot be accounted for by the accumulation 
of conventional units of physical capital or by the in-
creased application of hours of labor per capita" (1988, 
544). 

B e c k e r ' s ( 1 9 7 5 ) e m p i r i c a l work s u p p o r t s h is 
premise that more education is correlated with higher 
earnings. At the same time, his interpretations of sev-
eral results hint at more general issues that have be-
come central in the recent endogenous growth literature. 
For example, he suggested that gains f rom college ed-
ucation are not fully quantified by earnings analysis 
because college graduates are only partially compen-
sated for their effect on the development and spread of 
knowledge. He observed that the accumulation of edu-
cation (by individuals) may be measured and con-
ceived of as separate f rom the growth in knowledge 
(or technology), although increases in both education 
and knowledge improve productivity. Becker 's inter-
pretations perceive part of education's effects as an ex-
ternal e f f ec t—tha t is, beyond the pr imary pos i t ive 
effect on an individual 's productivity—and not taken 
into account by an individual when choosing a desired 
education level. In reference to the "Solow residual" 
Becker quest ioned the size and composi t ion of the 
technological advance and what portions are attribut-
able to growth in human capital, the stock of society's 
knowledge, or education of individuals. 8 

In a cross-sectional sample of developed, develop-
ing, and less-developed countries George Psacharopou-
los (1984, 1985) found stable returns to education. His 
findings suggest that the returns to investments in pri-
mary education are greater than those to secondary and 
higher education. Notably, the overall returns profile 
declines as the education level increases. The results, 

however, cannot capture the potential external effects 
of higher education implied by Becker. 9 

Richard A. Easterlin (1981) examined a cross-section 
of countr ies and found a link be tween widespread 
public education and economic growth. In agreement 
with Becker 's ideas on the external effects of educa-
tion, Easterl in hypothes ized that modern economic 
growth relies on the diffusion and the advancement of 
knowledge. He viewed the spread of mass education, 
separate from the growth of science and technology, as 
a key to economic development, offering upward mo-
bility to a wider segment of the world population. His 
work suggests that a populace characterized by at least 
basic education is a precondition for economic growth 
and that widespread expansion of schooling reflects a 
voluntary move on the part of informed governments 
toward economic growth through education. 

One of the more fundamental external ef-
fects from human capital investment lies in 
the advancement of knowledge and the de-
velopment of new applications of knowledge. 

Dale W. Jorgenson and Barbara M. Fraumeni (1991) 
presented measurement of investment in human capi-
tal f rom a perspective different from previous stud-
ies: they measured the investment in terms of the in-
come produced by human capital rather than using 
the more typical method of examining the outlays for 
educat ion. 1 0 Their study found that the overwhelming 
portion of economic growth in the United States is 
based on investment in both human and physical capi-
tal. Estimates show that in the United States invest-
ment in education dwarfs other kinds of investment. 
Jorgenson and Fraumeni also noted that their esti-
mate of the stock of human wealth, derived f rom the 
measures of educational output, is ten t imes greater 
than p r e v i o u s e s t i m a t e s ( s ee J o h n W. K e n d r i c k 
1973)." 

As Schul tz (1988) pointed out, the exist ing evi-
dence on educat ion and returns suffers f r o m some 
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measuremen t p rob lems . First , the studies over look 
immeasurable components like effort and innate abili-
ty. Second, although there is a correlation between ed-
ucation and income, the nature of the underlying link 
between them is uncertain. For example, the rich are 
generally well paid and well educated. Does higher in-
come result f rom better education or from nonhuman 
(financial) wealth? 

An additional concern is whether, in certain envi-
ronments, there may be overinvestment in education. 
Psacharopoulos (1985), for instance, argued that cer-
tain underdeveloped nat ions have placed too much 
emphasis on higher education without enough atten-
tion having been placed first on primary education; the 
profile of estimated returns suggests that the compo-
sition of educat ion expendi tures should be skewed 
toward widespread elementary education f irst . 1 2 How-
ever, the assumption that there is overinvestment in 
education may overlook the potential external effects 
of human capital (which will be further examined be-
low) so that the returns resulting from additional hu-
man capital are not l inked to inves tments made in 
human capital accumulation. 

/ /uman Capital Accumulation 
And Output Growth 

A relatively new direction of study has arisen to 
explain economic growth and development without 
appealing to an exogenous source of technological ad-
vance as the main source of economic growth. The 
models offer a way to identify the role of human capi-
tal in enhancing output growth, to emphasize individu-
a l s ' dec i s ions to invest in acqui r ing skil ls , and to 
rationalize how these actions allow the economy to 
grow endogenously—that is, as a result of the actions 
of individuals represented in the model. In this frame-
work human capital accumulation provides the engine 
of growth by achieving the technological advance that 
previous models assumed to be exogenous. Thus, the 
endogenous growth theories attempt not only to identi-
fy the main sources of technological change (such as 
endogenous human capital accumulation) but also to 
design models in which economic incentives (such as 
greater returns to higher levels of education) explain 
what drives economic advancement. 

The aggregate production function that incorporates 
the endogenous growth feature is 

Y = AF(K, HL), (6) 

where the disembodied technological factor, A, is out-
s ide the f u n c t i o n and h u m a n capi ta l , H, is labor-
augmenting technical change. The function is assumed 
to display constant returns to scale in two reproducible 
capitals—physical , K, and human, H—in contrast to 
diminishing returns in the Solow-Swan model. 

One of the main issues of contrast between the 
S o l o w - S w a n and the e n d o g e n o u s g r o w t h m o d e l s 
concerns the predicted growth rate of output per ef-
fective unit of input in the steady state, or the long 
run. The Solow-Swan growth model predicts a zero 
growth rate of output per effective unit input because 
output growth is entirely determined by exogenous 
f ac to r s l ike the popu la t ion g rowth rate ( a f f ec t ing 
labor input) and the l abor -augment ing t echnology 
s h o c k . T h e l o n g - r u n c a p i t a l and e f f e c t i v e l a b o r 
growth rates are the same as the exogenous rate of 
g rowth—the sum of the growth rates of population 
and the technology shock. If a Solow-Swan growth 
model is examined wi thout the e x o g e n o u s rate of 
t echnolog ica l a d v a n c e m e n t , the rate of per capi ta 
growth in the model economy is zero. On the other 
hand, for endogenous growth models the growth rate 
of output per capita is a positive constant because the 
advancement in technology results f rom the choice 
of individuals to invest in human capital. As human 
capi ta l accumula te s , t echnology improves . Ra the r 
than exogenous factors determining growth, the tech-
nological advances that enhance productivity are at-
tained endogenously. 

The rate-of-returns equation f rom an endogenous 
growth model is useful for distinguishing between the 
extended, opt imizing Solow-Swan and endogenous 
growth models (also see Chart 3 ) : 1 3 

/• = MPK = p + n + (g/a), ( 7 ) 

where MPK is the marginal product of capital (which 
equals the real rate of return, /•), p is the rate of time 
preference (which measures a consumer 's preference 
for present rather than future consumption), n is the 
rate of population growth, g is the rate of (endoge-
nous) economic growth, and a is the intertemporal 
elasticity of consumpt ion subst i tut ion (which mea-
sures the will ingness of consumers to substitute be-
tween current and future consumption). 

The character izat ion of the marginal product of 
capital is a key difference between the two theories. 
In both mode l s the rate of popula t ion g rowth , the 
time preference rate, and the intertemporal elasticity 
of substi tution are general ly assumed to be exoge-
nous . To de te rmine the equal i ty, ei ther the rate of 
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Chart 3 
Exogenous versus Endogenous Growth 

r 

economic growth or the rate of return to capital must 
be determined a priori. The key difference between 
the models involves the choice of which rate will be 
considered endogenous (determined by the equation). 

The Solow-Swan model assumes diminishing re-
turns to capital, implying a marginal product of capital 
that falls as additional capital accumulates , holding 
other inputs f ixed. As a result, the rate of return to 
capital is endogenous, depending on the level of the 
capital-labor ratio. However, as described above, the 
rate of growth in the model economy is constant and 
externally (exogenously) determined. In contrast, en-
d o g e n o u s g rowth mode l s imply that the marg ina l 
product of capital is constant—that is, the rate of re-
turn on capital, r, is fixed and determined solely by the 
production technology. This restriction is implied by 
the assumption of constant returns to scale in the re-
producible factors so that additional amounts of capi-
tal do not reduce the rate of return. These assumptions 
allow the model to determine the growth rate (g) en-
dogenously. Thus, the Solow-Swan model allows the 
marginal product of capital to vary but fixes the rate of 
economic growth while endogenous growth models 
fix the marginal product of capital but allow the rate of 
economic growth to be endogenous. 

In Chart 3 the upward-sloping line is the Keynes-
Ramsey formula (equation [7J) for the real interest 
ra te . T h e ver t i ca l l ine at g = g~ r e f l e c t s how the 
Solow-Swan model fixes the growth rate but can de-
termine the rate of return to capital because of dimin-
ishing returns to capital. In contrast , the horizontal 

line at r = T indicates how the endogenous growth 
models fix the rate of return based on constant re-
turns to reproducible capitals but can determine the 
(endogenous) growth rate. 

The amount of research in this f ield has g rown 
rapidly. While a comprehensive survey of the litera-
ture is beyond the scope of this article, it should be 
useful to present several of the main ideas that char-
acter ize the role of human capital in an aggrega te 
production function and to provide some empirical ev-
idence that relates to the predictions of theory. 1 4 

Robert E. Lucas (1988) provided a clear-cut link-
age b e t w e e n the a g g r e g a t e p r o d u c t i o n m o d e l s of 
growth (Solow-Swan) and the idea that human capital 
levels directly affect output. The model suggests that 
human capital accumulation is the main driving force 
of economic growth. Moreover, Lucas 's work empha-
sizes an external effect of human capital—that the av-
erage level of human capital can magnify the impact 
of individual human capital and lead to greater output. 
For example, the concentrated, collaborative effort of 
great scientists on the Manhattan Project produced the 
atomic bomb perhaps more quickly than if they had 
not benefited f rom the simultaneous group effort. The 
individual deciding to invest in human capital fails to 
accoun t f o r th is ex te rna l e f fec t of h u m a n capi ta l , 
though, basing his or her choices solely on the per-
ceived private returns. Thus, one of the main impli-
ca t ions of L u c a s ' s f i n d i n g s is that h u m a n cap i ta l 
investment is likely to be below the socially optimal 
level unless there is market intervention in the form of 
a subsidy for accumulating additional human capital. 

Unl ike Lucas (1988) , Paul R o m e r (1990) env i -
sioned a model in which human capital is an essential 
source of economic growth but human capital levels 
have no external effect. Human capital has two differ-
ent de f in i t ions—cogni t ive skills tied to individuals 
and agg rega t e k n o w l e d g e not tied to ind iv idua l s . 
Cognitive skills are often measured by variables like 
individuals ' years of education, which cannot grow 
perpetually and are perceived as unlikely to explain 
the sustained growth of per capita output. However, 
the stock of human knowledge (scientific understand-
ing) may grow without bound, and the key to growth 
and development is its exploitation. In Romer ' s mod-
el, effective use of human knowledge leads to devel-
oping new capital goods that are more productive than 
previous versions. Old capital goods may still be use-
ful, but the new goods are more efficient. Consider, for 
example, the personal computer. Five years ago, the 
80286-based PC was state-of-the-art; it remains useful 
now, but it is far less productive than either the 80386- or 
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80486-based m a c h i n e s . Thus , improved m a c h i n e s 
essent ial ly e m b o d y the h u m a n capital of advanced 
knowledge . 1 5 

Nancy Stokey (1991) brought together two key 
points from the Lucas and Romer models. The Stokey 
model includes the external effect of education sug-
gested by Lucas but also separates the stock of human 
knowledge f rom individuals as in Romer (1990). The 
external effect is seen as coming about f rom individu-
als ' investment in human capital. Human capital accu-
mulation is a conscious decision of an individual to 
invest and enter school, but as individuals accumulate 
human capital the aggregate stock of knowledge in-
creases as well. Additional human capital improves la-
bor quali ty, increases the stock of knowledge , and 
directly affects the product pattern, leading to the de-
velopment of new and higher-quality goods. 

The Lucas, Romer, and Stokey models present nu-
merous insights into the character izat ion of human 
capi ta l as the engine of g rowth in an endogenous 
growth model. The key aspects of each study revolve 
around the treatment of human capital in an aggre-
gate p roduc t ion func t ion and the ques t ion of how 
human capital enhances output. The empirical impli-
cations of the models remain somewhat limited, but 
the empirical work is enough to give a general im-
pression of the evidence and the direction research is 
likely to t ake . 1 6 

Empirical Evidence on Human 
Capital and Growth 

Romer (1990) investigated whether the literacy rate 
in 1960, a proxy measure of the initial level of human 
cap i ta l , a f f e c t s the g r o w t h e x p e r i e n c e of a c ross -
sect ion of count r ies in the subsequent twen ty- f ive 
years. The results suggest that the literacy rate fails to 
affect output significantly once the rate of investment 
is included in the analysis. On the other hand, Romer 
found that the initial level of human capital (and the 
change in literacy) does have a significant effect on 
the rate of investment, providing an indirect link be-
tween human capital and output growth through physi-
cal capital investment. 

Robert J. Barro (1991) used enrollment rates in pri-
mary and secondary schools as human capital proxies 
in a cross-country empirical study. He found signifi-
cant positive effects for primary and secondary enroll-
ment rates for 1960 on output growth averaged over 
the per iod f r o m 1960 to 1985. It should be noted , 

however, that enrollment rates for 1950 and 1970 are 
not significant for explaining average output growth, 
suggesting that the positive results based on 1960 en-
rollments may be not be robust. 

Costas Azariadis and Allen Drazen (1990) related 
human capital and income growth in a framework that 
presents a threshold level of human capital beyond 
which a country may experience accelerating growth. 
Essentially, beyond the threshold level the social re-
turns to scale for human capital investment increase. 
For empirical application, Azariadis and Drazen used 
a literacy rate of 40 percent as an initial threshold and 
found that this proxy is positively related to output 
growth in their sample of countries. Thus, the private 
yield on education is higher in more developed coun-
tries, and additional education precedes but is not suf-
ficient to cause accelerating output growth . 1 7 

The empi r i ca l s tud ies of R o m e r (1990) , B a r r o 
(1991), and Azariadis and Drazen (1990) found , in 
varying degrees, some support for the idea that human 
capital has significant explanatory power for output 
growth. Their perspective is that human capital pro-
vides for endogenous growth. In contrast, N. Gregory 
Mankiw, David Romer, and David N. Weil (1992) de-
signed human capital accumulation as an exogenous 
process rather than a function of individual decisions. 
Their evidence supports a role for human capital, but 
it is contrary to the idea that human capital has exter-
nal effects and to the framework of perpetual growth. 
Using a t ransformat ion of secondary school enroll-
ment as the human capital proxy, Mankiw, Romer, and 
Weil show that the role of human capital in the aggre-
gate product ion func t ion is consis tent with d imin-
ishing returns to scale in all reproducible f ac to r s . 1 8 

Unlike in the endogenous growth models, their results 
imply that perpetual output growth cannot emerge as a 
result of physical and human capital accumulat ion. 
They argue that the S o l o w - S w a n growth mode l is 
preferable for analyzing economic growth. 

While suggestive, the existing empirical results do 
not o f fe r conclus ive evidence in support of human 
capital having a significant role in economic growth. 
Ross Levine and David Renelt (1992) examined the 
robustness of correlations between long-run growth 
rates and policy variables (several of which are human 
capital proxies) found in cross-country empirical stud-
ies. Their findings indicate that regression results that 
capture a positive relationship between human capital 
and growth are not robust to the inclusion of other rel-
evant variables. 1 9 As a consequence, they suggest a rea-
sonable degree of skepticism about inferences f rom 
empirical studies linking human capital and growth. 
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In another recent study, Jess Benhabib and Mark 
M. Speigel (1991) estimated an aggregate production 
function specification of growth by constructing phys-
ical and human capital series for a selection of coun-
tries. Cons i s t en t wi th R o m e r (1990) , their resul ts 
suggest that human capital does not enter significantly 
into the explanation of aggregate output growth but re-
mains important in explaining capital accumulation. 

These empirical studies embody a number of is-
sues to be addressed by future research. Measurement 
problems in particular are commonly pointed to as a 
criticism of these initial studies. One concern is that 
the studies examine cross-sections of data, and the da-
ta—how they were collected, how reliable the num-
bers are, and so for th—may not be consistent across 
countries. In addition, the human capital proxies are 
necessarily c rude . 2 0 For instance, although the literacy 
rate may be a fairly consistently measured variable, it 
may only tangentially measure the human capital con-
cept of interest (that is, a measure of knowledge or 
achievement , a more advanced human capital vari-
able). Further, enrollment rates are f low variables that 
measure the proportion of the population attending ed-
ucational institutions but do not necessarily pick up 
relevant movements in the stock of human capital or 
knowledge. Another limitation is that simply compar-
ing average output growth rates with initial levels of 
some human capital proxy fails to examine some of 
the interesting dynamics that take place over time be-
tween human capital and growth. 

In an alternative empirical strategy, Ellis W. Tall-
man and Ping Wang (1992) have focused on the growth 
experience of an individual country, Taiwan, over time 
to examine the effect of human capital on output. This 
approach has several advantages. First, there is a more 
appropriate measure of human capital that focuses on 
achievement levels—that is, an aggregate human cap-
ital measure created by weighting levels of education 
comple ted . 2 1 The human capital measure is used in 
combination with the raw labor measure to form an ef-
fective labor input. Estimating an aggregate produc-
tion funct ion yields the f inding that e f fec t ive labor 
added to measured physical capital directly a f fec ts 
output growth. In addition, it is shown that the income 
shares f rom most estimates are consistent with con-
stant returns to scale and are robust to adding variables 
that are typically correlated to output in the output re-
gressions. The research complements cross-country 
studies that attempt to find more general human capi-
tal/growth relationships. 

Even among endogenous growth theories there are 
differences on a number of issues. Distinctions between 

human and physical capital are not made entirely clear, 
for instance. In Romer, human capital accumulation oc-
curs, but it is new capital goods that provide the key 
input toward output growth. If human capital in the 
form of knowledge represents potential capital but on-
ly becomes a driving force of growth when it is em-
bodied in physical capital, which of these factors is 
the true driving force? Another question centers on 
whether human capital depreciates. Capital embodied 
in individuals likely depreciates, but it is unlikely that 
the stock of knowledge declines in value (although it 
might be subject to shocks, such as the complete de-
struction of the Mayan libraries). 

A fu r the r shor tcoming is that the predic t ions of 
both the Solow-Swan and endogenous growth models 
appear somewhat unrealistic regarding observed be-
havior of economies. Instead of either zero or constant 
positive growth rates, there are variable growth rates 
of output per effective unit input depending on a coun-
try's stage of development. Less-developed countries 
appear to experience a low growth rate until a crucial 
(perhaps human capital level) threshold is passed. New-
ly industrialized countries may have high, sustained 
growth rates whereas developed countries may experi-
ence slower output growth. 

It is also true that the two model f rameworks ap-
pear difficult to disentangle empirically despite some 
obvious contrasts. The Solow-Swan model predicts 
that output levels across countries possessing the same 
parameters of technology and preferences will con-
verge over time. According to this assumption, poor 
countries should grow faster than rich countries. In 
general, however, endogenous growth models offer no 
such predict ion. 2 2 Empirical tests of this "convergence 
hypothesis" have not reached a consensus. The results 
of Mankiw, Romer, and Weil (1992) and Barro and 
Xavier Sala-i-Martin (1992) show evidence consistent 
with convergence; Barro (1991) f inds evidence of in-
come nonconvergence . 2 3 Unfortunately, the evidence 
supporting convergence suffers from a problem in the 
estimation methods that renders the empirical results 
equivocal . 2 4 To make things more complicated, some 
endogenous growth models imply convergence, and 
some extended Solow-Swan models predict noncon-
vergence. 

It appea r s that in the l i te ra ture on e n d o g e n o u s 
growth models theory may be ahead of the measure-
ment. Applications of the endogenous growth litera-
tu re a r e o n l y b e g i n n i n g to c o n f i r m a s i g n i f i c a n t 
relationship between human capital and growth (but 
not all imp l i ca t i ons f r o m the mode l s are d i rec t ly 
testable). Improvements in formulating human capital 
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measures may establish a stronger link between hu-
man capital and growth. In addition, more intensive 
examinations of specific case studies may be a promis-
ing path toward understanding the role of human capi-
tal in economic development. 

Conclusion 

Numerous studies in the economics literature pro-
pose that through a variety of roles human capital pro-
vides increased earnings for individuals and generates 
economic growth. Although the empirical evidence in 
support of a link between education measures and out-
put growth is equivocal, all studies suggest a beneficial 
effect of education on output or individual earnings. 2 5 

Few, if any, would argue that an economy can have 
too much human capital or too much educat ion. 2 6 In-
creased demands for technically skilled workers make 
it clear that improved human capital is essential for 
economic progress. The economics literature offers an 
overview of the part icular characterist ics of human 
capital that may be impor tant fo r growth , some of 
which may require activist pol ic ies to achieve the 
most desirable outcomes. 

First, the diffusion of education may be essential to 
the spread of modern economic growth. Widespread 
public education at at least a basic level sets the stage 
for development , as in the idea of a threshold, dis-
cussed above (Azariadis and Drazen 1990). Such a 
policy is likely to be more appropriate for an economy 
in the early stages of development, when primary edu-
cation should be a first priority. Educational improve-
ments can be expected to allow a higher level of future 
growth because workers would be better able to oper-
ate and exploit modern, sophisticated physical capital. 

In developed nat ions with widespread educat ion 
systems, like the United States, the emphasis should 

be on the quality of education at the primary as well as 
higher levels. Greater investment in human and physi-
cal capital appears necessary for the United States to 
regain sustained economic growth. Recognizing prob-
lems in urban public schools may help galvanize a fo-
cus on the long-term economic benefits to be realized 
by improving the quality of our school systems nation-
wide. Unfortunately, because human capital involves a 
long gestation period and is costly consider ing the 
time value of the investment, no immediate solutions 
are at hand for the United States. With substantial in-
vestment and considerable patience we may at least 
anticipate future returns. 

An important point to keep in mind is that individu-
als do not take into account the positive external ef-
fects of human capital. The overriding implication is 
that individuals are likely to underinvest in education 
and, in terms of enhancing growth, there may need to 
be subsidizing policies that encourage the accumula-
tion of human capital. Such policies may help explain 
the rapid development of newly industrialized coun-
tries like Taiwan. More specifically, one of the more 
fundamental external returns to human capital invest-
ment lies in fundamental research in basic sciences. 
The advancement of knowledge and the development 
of new applications of knowledge—technological ad-
v a n c e m e n t s — p r o v i d e for fu ture economic growth , 
and in the long run the United States would benefit 
f rom directing individuals into the fields of scientific 
research and engineering. 

It is generally agreed that there are potential gains 
f r o m greater emphas i s on higher educat ion, which 
improves learning e f f ic iency on the j o b and yields 
s ignif icant posit ive external ef fec ts . This improve-
men t in o n - t h e - j o b l ea rn ing is a lso impor tan t fo r 
promoting perpetual economic growth, adding signif-
icantly to individual human capital stock as well as 
to the stock of society 's knowledge that may improve 
the quality of life. 

1. Notably, in the analysis of real business cycles Prescotl 
(1986) employs Solow's (1957) method for accounting for 
technological change. The Nobel Prize given to Solow indi-
cates the significance of his work. 

2. Economists refer to this characteristic of a production func-
tion as displaying the "diminishing marginal product" of 
the single factor. 

3. The factor grows over time but may be subject to random 
shocks. This factor, proposed as an exogenous (that is, deter-
mined outside of the model) rate of technical change, has 
been interpreted as the rate of knowledge advancement 
(Denison 1962) and also as the "measure of our ignorance" 
(Abramovitz 1956). The large proportion of growth ascribed 
to this factor led to inquiries into its composition. See note 8. 
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4. A shortcoming of this process is that Dcnison attributes a 
proportion of economic growth to numerous sources that 
make sense theoretically but that may not represent direct 
inputs into the aggregate production function. 

5. The term AX/X represents percentage changes, or growth 
rates in X. 

6. See Denison (1962, 142, table 18). Denison (1974) refines 
the input measures, weighting the labor input, for example, 
to account for the distribution of education level and, in 
turn, for the increase in labor productivity. Despite the re-
finement, he still finds a large residual component—that is, 
that advances in exogenous technology contribute signifi-
cantly to output growth. 

7. Weisbrod (1961) estimates the capitalized value of human 
capital. 

8. Note that Denison (1974) attr ibutes 25 percent of U.S. 
growth since 1930 to the economic effects of education and 
still has more than 40 percent of U.S. output growth ex-
plained by the residual, which lie interprets as the growth in 
knowledge. 

9. Lucas (1988) and Stokey (1991) also suggest that external 
effects from human capital and knowledge accumulation 
may be a major source of economic growth. 

10. Jorgenson and Fraumeni estimate the value of increased life-
time earnings related to further educational attainment by 
comparing the incomes of individuals that are the same age 
(and sex) but with different levels of education. This differ-
ential becomes the basis for a measure of the output of edu-
cation. The procedure is similar to Denison (1962, 67-69). 

11. Jorgenson and Fraumeni (1991) conclude that their labor 
input measure accounts for more than 61 percent of the esti-
mated growth in U.S. output; the capital input accounts for 
more than 22 percent, and the residual (technology) input 
accounts for only about 17 percent. Theirs are time-series 
estimates versus Denison's long-run averages. 

12. Easterlin (1981) appears to take this perspective toward de-
veloping nations but also hints at external effects of educa-
tion by discussing the growth in knowledge separate from 
educational investment. 

13. The analysis and graph are taken directly from Sala-i-Martin 
(1990a, 1990b). The rate of return equation is often referred 
to as the Keynes-Ramsey equation. 

14. Useful surveys of the endogenous growth literature include, 
for theory, Sala-i-Martin (1990b) and van de Klundert and 
Smuldcrs (1991). See Renelt (1991) for a review of the em-
pirical work as well. 

15. Romer 's empirical work, which will be examined later, in-
vestigates his contention that the initial level of human cap-
ital may explain subsequent growth (similar to the ideas of 
Easterlin 1981). 

16. This discussion, of course, fails to convey the technical dif-
ficulty of creating these models and deriving the results. 
For the purposes of this study, however, the main results 
and implications are the relevant portions of the papers. 

17. Romer (1990) suggests that this finding may be the result of 
measurement error. Azariadis and Drazen ( 1990) do not in-
clude the rate of investment in their regressions to examine 
whether their human capital proxy would retain its signifi-
cance in the output regression. 

18. They use the average (from 1960 to 1985) percentage of 
secondary school-aged individuals in school as the human 
capital proxy. The output variable is the natural logarithm 
of output per working-aged individual. 

19. They employ a version of Learner's variance bounds tests 
that examines how much a coeff icient est imate changes 
when the set of explanatory variables is altered (see Learner 
1978). The variables that they examine include the 1960 lit-
eracy rate used in Romer (1990) and Azariadis and Drazen 
(1990) as well as the 1960 levels of primary and secondary 
school enrollment rates used in Barro (1991). 

20. Benhabib and Speigel (1991) provide a recent exception. 
21. The study examines several different weighting schemes, in 

each assigning greater weight to better-educated workers 
(assuming more productive workers). Additionally, a con-
sistent capital stock time series is created using the estimat-
ed capital stock from 1975 and the aggregate investment 
series. 

22. Lucas (1988) suggests that the growth rates of countries 
may converge but there is no sense of convergence in the 
level of output per capita. 

23. Levinc and Renelt (1992) find a convergence result that ap-
pears robust in a specification that includes a human capital 
measure in the regression. 

24. Quah (1990) emphasizes the problem known as Gal lon 's 
fallacy of regression toward the mean. The tests use the out-
put level at the beginning of a period as an explanatory 
variable for the subsequent output growth rate. Quah shows 
that the estimated coefficient can be negative, positive, or 
zero for the same cross-sectional distribution. As a result, 
the sign of the estimated coefficient of initial levels pro-
vides no information about whether the cross-section of 
country outputs converges or diverges. The negative coeffi-
cient on initial output level found in the studies cited above 
is viewed as evidence in support of convergence. 

25. Learning on the job and specific job training, additional im-
portant sources of human capital investment, appear more 
difficult to examine empirically. 

26. Although some research (cited above) argues for a better al-
location of educational effort toward primary education, 
there is no call for a net reduction in total education level. 
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