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g4 The Contribution of Education to Economic Growth

jncome differentials in column 1 of Table 4 are actually atis

I
{0 education (see above Chapler 2, p. 51}, from wheh Ly Ao L0l
sew set of differentials shown in column 2 of Table 4. e

Table 4

Mean Income Differcntials by Years of i
e ¥ of Schooling Completed,

Income as Per-
centage of Mean  3[5 (col, 1~100)+100

Years of School Completed Tncome of Eight
Graders
1
None %
5 70
Benenaryschool: 143eas & s
57 vears 50 8 (86)
] 8 years 100 100 (100)
High school: 13 years 115 109 (110)
4 years 140 124 (126)
College: 13 years 165 139 (142)
4yearsormore 235 181 (183)

Source: Denison (1962, table 8).
Note: The figures in brackets in column 2 represent new estimates based onlater

findings (Denison, 1964).

The new differentials are now applied to the distribution of males by
years of schooling completed at various past dates so as to estimate the
growth in income that was due solely to the lengthening of education
since 1910, That is to say, Denison calculates what the average earn-
ings of males over twenty-five would have been in past years if earnings

at each educational level were a constant fraction of actual 1949
earnings of eight graders. Since there has been a rise in the number of
school days per year over the last fifty years as well as arise in the
average number of school years completed, it was necessary to adjust

the distribution of males by amounts of education completed. Thishe
did by making the simplest assumption possible, namely, thata given 2
Percentage increase in the numlhcr of days of sc)umli :ll‘l::‘:ldm r::fn:g

ayear is equivalent to an equal percentage increase

'cyh:rl‘ys;: completed. In other words, going to school 220 days per
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Production Functions and the Quailty of Labour 95

year instead of 200 has exactly the same effect on output as staying in
school eleven years instead of ten.

Table 5

Labour Earnings per Man Adjusted for Total Days
of Education Received, U.S.A., 1950

Percentage Annal
e Chian Percentage Rate
o of Change

1910-20 . —
1920-30 o5 o
1930-40 e by
1940-50 104 ot
1950-60 103 95
1910-30 7 o
1930-60 26 ok
1910-60 e P

Source: (Denison 1962, table 9),

The meaning of the results can be seen by considering the period
1930 to 1960. As Denison observes:
There are considerable advantages in using growth rates rather than per-
centage changes in the calculations, and this is what I have actually done.
‘Thus, if the labor input increased at an average annual rate of 1 per cent over
some period and labor earnings averaged 73 per cent of the national income.
in this period, the assumption is that the increase in labor inputs contributed
0-73 percentage points to the growth of total real national income.
Therefore, as carnings per man rose by 32-6 per cent at an annual rate
of 0:94 per cent over the period 1930-60, and since labour’s relative
share over the same period averaged out to 73 per cent, longer educa-
tion contributed 0:68 percentage points (being 73 per cent of 094)
to the growth rate of national income. National income in this period
wasincreasing at approximately 3 per cent per year. Thus,of thegrowth.
rate experienced from 1930-60, almost 23 per cent (since 068 is almost
23 per cent of 3-0) was due to the increased education of the labour
force. The result is even more impressive on a per capita basis: educa-
tion contributed 42 per cent of the 1-6 percentage point growth rate
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in otitput per man employed i)n the United States over the years 1929
57 (Denison, 1962, p. 73). . o
B i o cmomiogowth e
(@) increases in the physical quantities of labour and e o
improvements in the quality of labour, () improvementsin the qu: B
of capital, (d) removals of “restrictions against optimum use
resources’, (¢) reductions of “waste in agriculture’, (f) interindustry
shifts of resources, (g) the *advance of knowledge’, (h) the ‘change
in lag of application of knowledge’ and (i) ‘cconomies of scale’.
Factor (b), improvements in the quality of labour, is in turn broken
down {0 (i) more education, (i) increased employment of women,
(iii) changes in the age-sex composition of the labour force and (iv)
reductions in the length of the work week and in the work year. The
model he uses only permits precise calculations of the effects of (a),
(b) and (c), where the growth in the size of the labour force and
improvements in its education dominate all the other factors. The rest
of thelistis estimated on a more or less ad fioc basis. As any mistakes
inestimating factors (d) to (i) leave the estimate of (c) unaffected, we
may ignore the treatment of these other factors.

A few minor caveats arc in order before attempting to evaluate
Denison’s general results. Denison’s findings on the contribution of
education are extremely sensiive to the alpha coeffcient, namely, the
assumption that 0'6 per cent of the earnings differentials associated
With additional education are directly attributable to education (see
dbove Chapter 2, p. S1). As Denison himself suggests (1962, pp,
73-4), the effects of alternative alpha coefficient can be approximated
by multiplying the figures in Table 4 by the ratio of some desired
alternative percentage to 60 per cent. Thus, if we assumed that alpha
s 0-75 ~native ability and social class background having a smaller
influence than Denison actually assumed ~ we would credit 29 per
centinstead of 23 per cent of the growth in income from 1930 to 1960
19 cducation. Similarly, the substitution of alpha = 05 would redyce
education’s contribution to economic growth to 19 per cent. The
evidence on the alpha-adjustment even for the United States s
from conclusive. And as we argued (see above Chapter 2, p. 43), for
purposes of predicting education’s contribution in the gy future,
fhere ia Jitl teason for making any alpha adjustmeat, Tt g
appear, ()l:r:fon:: that even the most convinced advocate. of Denison’s
method of assessing the economic contribution of edueation cannot
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e certain, inface of the available evidence, whether edugggio
‘past has contributed less than 20 or almost 30 per cent tg Anu‘:: the
growth rate. oy ) g’y

Further doubt about Denison's numbers i created by royy
his estimates using data on hourly carnings of non-agreyt..
workersinstead of the annual incomes of the total population, gy
has the surprising consequence of cutting in half his Eslim‘;‘e lis.
education’s contribution to the growth rate (Schwartzman, 196g. hn{
see Denison, 1969). Although it is probably better 10 use weckly or
annual earnings rather than hourly earnings as a measure of gy
productivity ofdifferently educated workers, Schwartzman's resulis g
indicate the extraordinary sensitivity of Denison's numbers to the
choice of the carnings index.

‘These and many other points one might make are little more than
quibbles: if anything they demonstrate the adyantages of Denison's
approach in that disputes are now tied to the discipline of providing 1

0
E

-

e

different estimates of the actual magnitudes of effects. What is really
mysterious about Denison’s work is the contrast between the pains-
taking calculations of most of his numbers and the cavalier pre-
sentation, without any attempt at justification, of his basic model
involving alinear aggregate production function of the Cobb-Douglas
type and neutrality of technical progress. To be sure, these are stan-
dard assumptions in neo-classical growth theory, butitis onethingto
‘make certain strong assumptions in order to display the pure logic of
the growth process and quite another to use such assumptions to
estimate the contributions of various components to growthin thereal
world. It is important to realize that, owing to the inherent limitations
of his model and the way in which he tacks on special assumptions at
‘various stages in the argument, his findings can be attacked at quite
different levels. Some critics, particularly if they have imbibed econo-
mics at Cambridge, reject his work in tofo simply because he operates
with the marginal productivity principle. Others, particularly mathe-
matically inclined economists, reject his conclusions on the ground
that aggregate production functions are meaningless without 501
rule for aggregating the production functions of individual industri

even if all industries operate with linearly homogeneous Cobb=
Douglas production functions, the aggregate production function s
only Cobb-Douglas under certain very restricted conditions. Yet
another group of critics accepts the marginal productivity theory
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or rewards, as far as it goes, and even e
juction function without an explicit my

‘put cannot swallow the notion of neuzm’]mm“_“nnmie o
{here are critics who are willingtoworkwith e EOBE: i
quarrel with the particular adjustments that he made e o0 but
Jabour and capital inputs. Many nr.h,c,mc,sm';‘:[:)‘“ measuring the
appearedin thellterature are spoiled by notrevealing the kel s
The Sources of Economic Growth n the United Siser e

Decison has given s criics new food for thought by agpigits 8
B tasic framework to a comparison of the pedtet 1 A
B opcan countsies. He compara eduestional iyt A
B inoer of years of achooling embodied fa {1 AR
weighted by the U.S. carnings differentials attributable to different
Jevels of schooling, This begs a number of questions, particularly that
of the different qualities of full-time schooling in the nine countris.
Taking this for granted, Denison (1967, p. 78) establishes unambigu-
ously that education does rof help to explain why growth rates in
Furope since 1950 have been higher than in the United States but, on
the contrary, adds to the difference that must be explained by the other
sources. Furthermore, educ tributed more to growth in
the United Kingdom than to growth anywhere else in Europe: 13 per
cont of the annual growth rate of the U.K. since 1950 but only 14 per
cent of the German growth rate and only 6 per cent of the French
growth rateis due to education (Denison, 1967, P 199). This is not to
say, however, that Britain’s slow growth relative to the rest of Western
Entope can be explained by the *human factor” Intercountry dif-
F D in the quality of labour do not in fac explain much of the
intorEuropean differences in growth rates (Beckerman, 1965, pp.
24-5, concurs enison), and Denison in the end seems to favout
2 o diferences in the intensty of work (an clement 1 in-
< model) as an explanation of Britain's economic

n has co

corporated in n exples
stagnation (Denison, 1967, pp- 13- ;
p -‘fkvli,xul\ % model has now been independently applied to (‘m\::da
e i cl a e 67) Greece (Bowles,
966; Lithwick, Post and Rymes, 1967), to .

5‘;;:;;":‘{ I’\lc\xcn. Mle and India (Sclowsky, 1967), to Havelt

cc the OECD. Josium on Denlson’s
s, e the OECD symposiih 08 Clfjogg)

ope st balanced: assessments are:

a5 Perhaps the mos

book (Vaizey, 1969
and Bowman (19649)
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(Psacharopoulos, 1969a), to the Philippines (Williamson, 1969) and
tothe U.S.S.R. (Bergson, 1968, pp. 25,92), cach time with provocative
results. Of course, such estimates do not prove or disprove anything
by themselves and to take them at face value would be hopelessly
naive, Nevertheless, they present us with rough indicators of the
quantitative significance of different sources of growth and thus mark
out the ground for a fruitful debate on short-term growth policies.
Jorgensen and Griliches (1967, pp. 273-4) have taken Denison one.
step further by showing that virtually the whole of the growth of
output can be explained by movements along alinearly homogeneous
aggregate production fuction, once we climinate errors in the measure-
mentofinputs and adjust the capital variable for quality changesin the
same that Denison corrected the labour variable. Their four de
Jorce reduces ‘technical progress”, or *the residual to a trivial 0-1 per
education to American

cent per year and demotes the contribution of
economic growth to a relatively minor element compared to quantita-
tive and qualitative changes in the capital stock, And so the debate
continues.

‘The fundamental difficulty is not only that the empirical evidence
for the linearity and homogeneity of aggregate production functions is
still somewhat shaky10 but that 5o far no one has suc ceeded in intro-
ducing education into production functions except as a pure labour-
augmenting variable. What if improved education, better machines

and greater allocative efficiency are all interdependent contributors to
Browth, or fatany rate education contributes justas much o speeding
up the introduction of new technology as it does to multiplying the
power of the labour input? The model that answers this question has
¥et to be constructed (Nelson, 1967, pp. 482-4; Welch, 1970)
Denison-type measurements of the contribution of education to
economic growth depend on many of the same assumptions as ratecof:
return calculations of educational investments, such as that the bulk
of earnings differentials associated with differences in educational
ltainments are attributable to the effct of education, that earnings
differentials refect differences in the marginal productivity of indivt.
dual workers, and so on. Nevertheless, there i no simple and obvious
connexion between Denison's estimate of the fraction of growth that
can beascribed to education and the notion that investments in various

10. Walters (1968, pp. 327-39) provides an excellent review of the evidence,
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amounts of education yield particular rates of return. It is. Herrml]y
possible o believe that earnings differentials are largely attributable
to education, and also that education contributes a great deal o
growth, without accepting the numbers that appear in Denison’s
book or even the idea that we can approximate these numbers by
estimating an aggregate production function. *What is the contri-
bution of education to economic growth?" is simply  very ambitious
Question. We may be able to allocate resources in education more
efficiently than we now do without knowing precisely how much more
efficiently; investment criteria provide signals of direction, not
quantitative estimates of amounts of growth secured. It is worl}l
remembering, however, that the really disputable issuc about economic
growth is not so much whether education is one of the sources of
growth but whether it is a more significant source than physical
capital or than other types of social expenditures

‘We have covered so much territory in this chapter that we have prac-
ticallylost sight of the problem to ywhich it was addressed, Can we infer
from the higher carnings of the better educated that education renders
people more productive? Or are educated people simply exploiting
their less fortunate contemporaries ? Despairing of finding the answers
to these questions in interpersonal and intertemporal comparisons
Within countries, we turned to international comparisons. Are nations
sich because they are better educated or are they botter educated
because they are rich ? We have seen that this simple question has no

simpleanswer. Indecd, the question s badly formulated because i oo
sense both are true, depending on time, place and circumstance, Even
at the level of an occupation within a given industry, no univessal
relationships can be laid down between the education of workers and
the output of the productive processs in which they participate
Countries progress along a variety of man-power grouth paths and
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of Labour

Production Functions and the Qu

We bring our tour to a close with & study by Dl:nison Which v

itially addressed to the problem of measuring the contribution of

cducation to American economic growth in recent decades, ang

‘which only later came to be used for purposes of making internationg|

N raparisons between the growth rates of various countries. Furthe.

from all the other studies reviewed in this chapter ip
That tuses carnings differentials attributable to education s ameasure
of the economic value of education and in that sense fails to answer
the question we posed at the outset of the ch_apler. Nevertheless,
Denison'’s study is o famous in its own right — its results have been
cited more frequently than any other mentioned in this book - that
it deserves something like full-scalc treatment; it is, after all, the only
work in the lterature that actually assigns a cardinal number to the
contribution of education to national income.

Denison's magnum opus, The Sources of Economic Growth in the
United States and the Alternatives before Us, consists essentially of
(a) an implicit estimate of the aggregate production function of the
American economy with the aid of data for the years 1910 to 1960,
and (b) an attempt 1o resolve ‘the residual that always tends to
emergefrom statistically fitted aggregate production functions intoits
constituent elements. One, but only one, of these constituent elements
is education and Denison concludes that the diffusion of education
in the United States during the period 1930-60 accounted for as much.
a5 23 per cent of the annual growth rate, more in fact than any other
single source of growth, except the increase of the labour forco itself
The basis of this magical number is step (a) rather than step (b) and
we must, therefore, digress a moment on the question of production
functions if we are to grasp how Denison actually arrived at his
results.”

VA production function defines a boundary in the input-output spa%
Speitingthe masimun plysicaloutput tha can be oblaned
i km:nl cl;auo; of physical inputs, given the existing lfem
engineering probl ge. It assumes, as it were, the solution o

problem before turning to the economic problem of

9. N
o e e i
arose, sce Blaug (19668, pp. 43;“3'7‘;“ in the historical context in which e

e B e @l

more, it differs
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| joosin the optimum combination of i
input pnc:sr. Asl‘rclauvc input prices ch
duction function. On the other ha; i
fe productivity of all input combinn?i’n‘:?: glccxxlcfh; oo
shift of the function; if the function shifts willm‘\,( i pe i
ape, technical change is ‘neutral”, "R
I ﬁig;(;lxg\v:izi‘l‘)‘/:;:::;:iﬂé‘llpmfiuuion functions archomogencous
‘ nctions can be of any degree, Amon
all possible types of homogeneous production functions sconomist:
ave always favoured those of the first degree because of their con.
yenient properties such as constant returns to scale. Similarly, among,
all possible types of first-degree homogeneous production fu}\clmns,
economists have long been fatally enamoured of the so-called Cobbe
Douglas production function which not only possessesall the beautiful
properties of lincarly homogeneous functions but a few additional
ones as a pleasant bonus
A simple two-factor Cobb-Douglas production function takes the
following form:

puts in response to relative
ange, we move along {he

0 =ANK?
where @ = physical output,

N

e

nputs of labour measured in man hours,

niputs of capital measured in machine hours, and

A, «and f§ = constants to be estimated.

If we write this in logarithmic form, we end up with a logHlinear

equation:
log 0 =log A + alog N + flog K
i esti (ime series observations by ordinary
uhich can be e s shiparamler epreening
least squares. 1T A = A,
“techs ¢ 1 progress’ so-called. « and f, on the other hand, stand for
it i to N and Krespectively: they
the elasticities of output @ with referenceto] et
tell us, for every given 4, the percentage increas 1001' o e
B!so:i;tcd with a1 per cent increase in (he_an‘\ounmd it
1 per cent increase in the amogmtt hof Zﬁ‘iﬁs;”h’l B e
‘more than this: they ot
enough, « and ﬂﬁar:_n et i the 40 oductive f
- wages and profits in £
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rewarded in accordancy
that, once having estim;
can ask whether they d. i
output must by definition do so, If they do, we have d:Vllhlreln!
that the production function in question s linearly hom o
that constant returns to scale prevail, .

When a and  do not add up to unity,
factors are not being p:
decre:

© With their mar,

u we can only conclude that
aid their respective marginal product; indeed,
g or increasing returns to scale imply disequilibrium in both

product and factor markets and hence violation of the marginal
productivity conditions.

If we are talking about an aggregate production function for the
cconomy as a whole and assume competitive equilibrium and, there-
fore, payments to factors in accordunce with marginal productivity,
we have already constrained the production function to be linearly
homogeneous. Tn that case, we do not need to estimate « and § but
can simply read them off from data on the factor shares of national

income, data that are available for any advanced country. Not quite,
however: the argument so far refers only to infinitely small changes
in N'and K along the production function. But the statistics on relative
sharesinvolve annuai and hence rather large changes, confusing move-
ments along the production function with shifts of the production
function itself. In order (o equate « and f to relative factor shares, we.
have to place constraints on the character of technical progress. A

measure of how relative shares change as we move along the produc-
tion function is provided by Hicks’ *clasticity of substitution’, defined
as the percentage change in the ratio of capital to labour employed
{o produce a given level of output that results from a 1 per cent change
in the relative price of labour to capital. For a Cobb—D‘nnglas pro-
duction function, this measure is by definition equal to unity, meaning
that the relative shares never change along the production function be-
cause as the amount of capital increases relative to the amount of
labour, its relative price (the rental per machine hour divided by the.
wage rate per man hour) declines at the same rate. If we now add the
condition that technical progress is ‘neutral’, so that a and B are con-
stants through time because the production function never changes
shape as it shifts upwards, we can estimate & Cobb-Douglas pro-
duction function effortlessly by consulting income accunnun]g dataon
relative shares. This is the free bonus of which we spoke earlier.
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¢ produc-
Thus, if one can be persuaded to belicve that the ags:;gﬂhf Cob
tion function ofan cconomy s lincarly homogencousante®’ o 1 ion
Douglas form, and that technical pwgr:ss.s_'x:euml ;
of the magnitude of technical progress is child’s play: i

Q=ANKP  (a+p=1).
Taking logs and differentiating with respet to time, the rate of growth

of output is
O=A+aN+pK.

Since « and ffare constants, we can interpret A as the rate of growth of
total-factor productivity or *technical progress’, frequently called ‘the
residual’, namely, that part of the rate of growth of total output that
cannot be explained by the growth of labour and capital. For example,
for the United States over the period 1929 to 1957,

0 =293 per cent

N=1:09 per cent

K =045 per cent

=073

p=027

al+pK =092 per cent
s that 4 =201 per cent.

In short, two-thirds of America’s growth rate
cannot be explained by a Cobb-Douglas pmd'fle;:: ';u‘ngj?o:nd i
We are now ready to consider Denison's approach to the +-yreece
of economic growth. The unexplained ‘residual’ A g5 gy <=
grab-bag of many dimensions. One of these dimensions i viously a
quality of labour and capital: in the course of g |- IO
additional men and machines, the men and the macty o PP
become beter. Oneof the waysin which the men got aps " HOW
have more education. Within the context of the chlr;J::glls:‘ﬂl mez
growt]
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model, any improvement in the quality of labour is bound tq pg,, a
much Jarger effect on national incorne than improvements iy y°
quality of capital simply because the elasticity of output with Tespect
to labour (x) is so much larger than the :Iamc_uy of output With
respect to capital (B). In fact, o is roughly three times the value of, 8,
that is, labour receives about three-quarters of national income While
capital reccives only one-quarter. No wonder then that Densoy
concludes that education is an important source of growth,

Denison achieves numerical precision in measuring the sources of
growth by equating « with the relative share of labour, a procedure
which implies a Cobb-Douglas production function and neutral
technical progress. But Denison never mentions the concept of a
production function in his book, much less the Cobb-Douglas pro-
duction function and, in fact, attributes about 10 per cent of economic
growth in the U.S.A. between 1929 and 1957 to “economies of scale’,
thus denying the constant-returns-to-scale property of linearly
‘homogeneous production functions. The truth of the matter is that he
can only be said to have implicitly estimated an aggregate production
function. What he actually did was to construct an index of national

product per unit of composite inputs, or in National Bureau language,
an index of total-factor productivity (4). The problem in such an
index is how to choose weights to combine the various inputs for

‘purposes of dividing them into an index of output. Economic theory
suggests that the appropriate weights are base-year factor prices.
Unfortunately, relative factor prices are always changing and hence
base-year weights give different answers from end-year weights. It i
much casier 0 use base-year factor shares as weights, since these are
fairly stable over relatively long periods of time. At this point, we can
appeal Lo @ priori reasoning to show that estimates of A whereinputs
areweighted byfactor shares gives the same answer as an estimate which
weights inputs by relative factor prices, provided the aggregate
production function is linearly homogencous and technical progressis
neutral. We have come back full circle: Denison’s results do dependon
a Pf_lmcular form of the aggregate production function and on
particular assumptions about the character of technical progress.
Denison starts with the mean incomes of American males twenty”
five years of age o over, taken before tax and classified by age and
Jears of schooling completed, s derived from the 1950 Census o
Ppulation. Next he makes the assumption that three-fifths of the





