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ABSTRACT

This paper surveys and summarises theory and evidence from recent studies into
the contributions to economic growth of expenditure on education and on research and
development.  Investment in human capitd — in the form of skillsand ideas - has
fundamentaly different economic attributes to physica investment: exhibiting
complementarity, positive feedback and non-rivdry. These atributesimply that rasing
investment in human capitd has the potentia to enhance economic growth over along
time period.

In the case of education, there are debates over whether changesin educational
attanment ultimately affect the long-run growth rate of the economy, or only the long-
run level of output. The macroeconomic evidence on leve effectsis consstent with
microeconomic estimates of private rates of return to schooling. It appears, however, that
there are dso sgnificant long-term growth effects— the more educated is the workforce,
the better is it able to implement technologica advances.

Thereis congstent evidence of high socid rates of return on research and
development in both commercid areas of research and in more fundamenta research,
implying thet R&D is under-resourced. A number of studies have emphasised the
importance of internationa technology spillovers, particularly for smaler economies
such asAudrdia

Feasble increasesin Audrdian investiment in both education and R&D could be
expected to boost annua growth rates by around one half of a percentage point.
Furthermore, concerns about the economic implications of the ageing of the population
are misplaced to the extent that the underlying decline in fertility is driven by parents
choosing to invest more in the human capita of fewer children.



Introduction

The importance of human capital for economic growth was highlighted in much
of the ‘new growth theory’ that came to prominence in the late 1980s and early 1990s.
The neo-classica growth modd, formaised three decades earlier, had focused on the
accumulation of machinery and equipment and emphasised the feature of diminishing
returns— which implied that such investment would not be gble to drive long-run growth.
The new generation of studies switched attention to the accumulation of human capitd
and the possibility that returns to investment in education, training and research may not
suffer from diminishing returns.

There is an important distinction between embodied and disembodied human
cgpitd. Humean capitd in the form of abilities and skills, such asthe ability required to
drive acar or operate amachine or communicate viathe internet, is embodied inasmuch
asit lives and dies with particular people. We refer to these abilities as aform of capitd,
because people have to devote time and resources to the development of these abilities,
earning the financid and psychic rewards later. In this sense, we invest in human capitdl
not only through forma education and training programmes, but aso through experience
on the job and through domestic and socid interaction. The time and effort devoted to
parenting, for example, represents an enormous investment in the human capital of the
next generation.

The accumulation of abilities contributes both to psychic rewards, such as our
pleasure in conversation, and to marketed economic activity, such as sdlling one's
services as a computer programmer. Whilst the value of the former is hard to messure,
there are rdatively straightforward ways for us to measure the latter. Economists have
become adept a measuring the value of market activities, summed up in measures such
asrea Gross Domestic Product, and are only just beginning to address serioudy the task
of evauating non-market activities such as domestic labour — see, for example, Folbre
and Nelson (2000) and Apps and Rees (2001). | focusin this paper, however, on market-
related returns to human capital because we do not yet have internationally standardised
vauations of non-market activities.

The most extensgvely documented feature of embodied human capitd isthe
relationship between education and wages. Studies of earnings in advanced capitalist
economies typicaly find that eech extrayear of schooling raises earnings by five to ten
percent. Thesefindings are confirmed by Austradian studies such as Miller et al. (1995),
who analyse earnings of twins and find that the return to ayear of education lies between
4.5% and 8.3%, and Preston (1997) who reports high rates of return to advanced
educationd qudifications. The results of Miller et al. are particularly interesting because
they control for the influences of genetic and domestic background to identify the direct
contribution of education — folloning anumber of tudies by Ashenfelter and Krueger
(1994; Ashenfdter and Rouse (1997; Ashenfelter and Rouse (1998) which esimate US
rates of return between nine and sixteen percent .

This evidence leads us to expect that, if the average educationd atainment of the
working-age Audtrdian population were to rise by one year, red GDP should rise by up
to eight percent. Thisincreasein thelevel of GDP will, typicaly, take place gradudly.



Anincrease in the length of schooling of teenagers will only increase the average
educationd experience of the adult population as the new, better-educated cohorts enter
the workforce, replacing older cohorts. We expect the trangition to last four decades, if
people enter the labour force aged 16-20 and exit at an age of about 60. If thisis so, the
annua growth rate of GDP will be 0.2 percentage points above trend during the transition
period, resulting in an overal 8% increase, after which time the growth rate will revert to
trend — with, perhaps, some lagged adjustment to the stock of physica capitd. Inthis
sense, changes in educationd investment are predicted to have growth effectsin the short-
run (abeit a short-run of forty years), but only level effectsin thelong-run.

Thisisthe conventionad gpproach, which treats human capital as an investment
good in much the same way as afarmer might consider investing in tractors. There are,
however, features of human capitd that can give it amuch more important rolein
economic development. Thisis particularly true when we turn our attention to
disembodied human capitd, the realm of knowledge and ideas which do not live and die
with their inventors but can be transmitted fredly between people and carried forward
over generations.

A crucid economic attribute of disembodied human capitd, highlighted in recent
models of endogenous growth, is that ideas are both nonriva and cumulative. Norr
rivary implies that once theidea of using eectronic circuits to carry out binary
computations has been announced, people can smultaneoudy use thisideato develop a
wide range of applications. One person’s use of the idea does not prevent another person
from using it a the sametime. Moreover ideas are cumulative: the idea of eectronic
computing has lead to the idea of quantum computing which may in turn lead to yet
further idess.

Analysis of these attributes of non-rivalry and cumulative feedback hasled
growth theorists to speculate that investment in the generation of ideas can be the engine
of long-run growth. The non-rivary of knowledge aso leads us to expect market failure.
When others regp the benefits of someone' s new ideas, market forces done are unlikely
to generate the optima leve of investment in knowledge - implying aneed for
government subsidy.

If the generation of disembodied human capita — ideas/ technology - isthe
engine of growth, we should expect to find that embodied human capitd — skills and
abilities— aso affect long-run growth. Ideas do not reproduce themsdves without the
input of highly skilled researchers. Perhaps of equal importance, the more skilled the
workforce, the better they are able to absorb, implement and adapt the new ideas
emanating from the R& D sector. To the extent that technologica change is endogenous,
we expect educationd attainment to have long-run growth effects in addition to the
conventiond prediction of level effects.

In the following sections | review and eva uate evidence from recent theoretical
and econometric studies relating economic growth to investment in both embodied and
disembodied human capitd. | restrict my attention on the empiricd front to the rdatively
well-documented aress of investment in forma schooling and R& D, noting that this
omits potentidly important areas of investment in health and in informa education and
training that takes place within the family and within the workplace.






1. Re-thinking Economic Growth: the role of knowledge

Knowledge is fundamenta to economic progress. Our materid standard of living
would be reduced to unrecognisable levelsif we were to suffer collective amnesa -
forgetting that a circular shape reduces friction, not remembering how to read and write,
losing dl knowledge of eectro-dynamics.  All economic activities depend on inditutions
that encourage the preservation, transmission and development of knowledge.

This seems blindingly obvious. Y et for severa recent decades, the economic
andysis of growth was dominated by an approach that sdelined the role of knowledge.
Economists concentrated on the accumulation of objects rather than the accumulation of
idess.

The object-oriented gpproach to economic growth was formalised in 1956 by two
economists operating at opposite ends of the globe: Robert Solow a the MIT in
Cambridge and Trevor Swan a the ANU in Canberra. Their neo-classcd growth modes
were formulated independently but in broadly the same way, leading to Smilar
conclusons.  Accumulation of cgpita — machinery, buildings, equipment, etc. - isthe
engine of growth in the short-run. Policies that increase the share of resources going to
investment will raise the productive capacity of the economy. But as the growth of the
capital stock outpaces the limited resources of land and labour, the impact of each
successive unit of investment isdiminished. However large the boost to the investment
rate, growth will eventually revert to some fixed rate determined by exogenous
technologica progress.

Thisimplication of the neo-classca growth modd isillugtrated in Figure 1. A
boost to investment at time Ty raises the rate of growth (the dope of the logarithmic
output line) from the solid line A to the dashed line B. Ultimatdy, however, growth
reverts to the exogenous rate, where line B becomes pardld to line A, dbeit with output
and incomes a a higher leve than would have obtained at the lower investment rate. Tax
incentives, or other policies that influence investment, affect only the level of output, not
the long-run rate of growth.

The key to this condlusion is the assumption of diminishing returnsto capitd
accumulation. Underlying this notion is the idea of capitd as a collection of amilar
objects. A sdlf-employed dress-maker who purchases hisfirgt sawing machine will
register alarge increase in annua output. Purchase of a second machine will reduce the
amount of down-time when the first machine is under repair — but the consequent
addition to annua output is rdaively smal. A third machine would probably be
redundant. This assumption about diminishing returnsistypicaly captured in growth
models by postulating an aggregate production function of Cobb-Douglas form, where
output per unit of labour at timet, v, is related to the net capital stock per unit of labour,
kt, as.

Yo =A(k) [1]

The eadticity of output with respect to capital, represented by the parameter a, is
assumed to be lessthan unity. The parameter A represents the leve of technology,



sometimes referred to as tota factor productivity.
The margina product of capitd is.
Ty _aA
ﬂk{ ktl— a

which, given a < 1, diminishes towards zero as capita intensity increases.

[2]

therevolution in growth theory: endogenous growth

Thisway of thinking about economic growth was chalenged in a series of papers,
garting with Paul Romer in 1986, heralded as * the new growth theory’ or *endogenous
1. A prominent feature of this new wave of economic models, indeed their
defining feature, is that policy intervention and the nature of indtitutions can influence the
long-run growth rate of the economy.

Figurel
Theimpact of increased investment in the neo-classical and
endogenous growth models
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In terms of Figure 1, the new modd s suggested that policy or indtitutional change,
indtituted at time To, could permanently dter the dope of the growth path — asillustrated
by the dotted path C.

There are various technical features of these models that make it feasible for the
long-run growth rate to be determined endogenoudy, i.e. determined by economic

! The key papersare Romer (1986), Romer (1990), Lucas (1988), Rebelo (1991) and Aghion and Howitt
(1992). Romer (1993) acknowledges the intellectud debt due to Adam Smith, Joseph Schumpeter, Arthur
Lewisand others. Further important contributions, analysing specidisation, have come from Austrdian
economigts: Yang and Borland (1991), Borland and Y'ang (1992) and Shi and Y ang (1995).




behaviour that is analysed within the model. One possibility arises where the degree of
subtitutability between capital and labour is sufficiently high thet returnsto the
accumulation of capital do not diminish to zero.? We can imagine that this might be the
case in some manufacturing processes where human labour is readily replaced by robots,
or in the delivery of somefinancid services such as ATM banking. But it isnot clear that
this robotic mode of growth is gpplicable to al sectors of the economy.

Moreinteresting, to my mind at least, are models of endogenous growth that build
on the economic properties of complementarity, dynamic feedback and nont-rivary in
investment. These are the properties thet distinguish the accumulation of idess and skills
from the accumulation of objects. It isworthwhile considering each of them in turn.

Complementarity of investment

Complementarity arises when your investment increases the return (monetary
and/or psychic) to my invesment. This may occur when we invest in activities that
exhibit network externalities. Learning to play chess, to speak Esperanto, or to read and
write becomes much more rewarding for me if othersinvest in the same skills.
Complementarity is not excdlusve to investment in human capita; the benefits | get from
investing in atelephone line and a fax machine are dso enhanced when others do the
same. But complementarity is probably more pervasive in the accumulation of skills than
in the accumulation of objects. Indeed such complementarity is an essentid ingredient of
the development of ‘socia capitd’.

Complementarity is afesture of the endogenous growth mode of Lucas (1988)
where the productivity of any worker is enhanced not only by ther individud leve of
skill but dso by the average ill level amongst their fellow workers. Thisimplies that
the economic analysis of externd effectsis relevant to growth. Although my productivity
depends in part on your human capitd, | cannot expect you to take that into account when
you decide how much education and training to undertake — and vice versa. Soif we
make individua decisons about the time and money we spend on education and training,
we are likely to under-inves.

It follows, from Lucas s andysis of such externdities, that there may be an
important role for government to play. Subsidising education will improve economic
welfare in the sense that everyone will be better off as a result of an increasein human

capita.3
Dynamic feedback

These education externdities are not, however, sufficient in themsdvesto drive
long-run growth. In Lucas modd, the rate of output growth is ill limited by
diminishing returns to the accumulation of both physica and human capitd. He
endogenises growth by appedling to another feature of education: dynamic feedback. As
we learn more, it becomes easier to acquire further knowledge and skills. An obvious

2 This possibility was canvassed by the Australian economist, John Pitchford (1960).

3 Thisis not the only reason for subsidising education. Given that many parents are constrained in
financing their children’s education, there are both equity and efficiency reasons for public support.



exampleisreading. Once we have learnt this skill, the acquistion of further informeation
and killsisfacilitated through book learning.

Thisview of dynamic feedback can be represented by a function expressing the
change in the level of human capitd in some representative household as afunction of the
amount of adult labour time, Ly, that is devoted to education (of self or of children) and
the current level of human capital per person, h.

dn _ o
el RR] [3]

The extent of dynamic feedback is captured by the vaue of the exponentia
parameter g¢ A vaue of zero implies that thereis no feedback.

Aggregate output per person, y, now depends on both physica and human capita

per person:
b

Y. =A(k)" (h) (4

where we maintain the assumption of diminishing returns by restrictinga, b < 1.

Endogenous growth is made feasible by the existence of postive feedback in the
second sector of this economy, the education sector. To demondrate this, take logarithms
of equation [4], differentiate with respect to time and subgtitute in equation [3] to derive
the growth rate of output per worker:

ddi/ti_a%imﬂi adkl  pth o

Whether or not the accumulation of human capita can drive long-run growth is
determined by the find term in this equation. With no postive feedback, i.e. if g=0, this
term diminishes to zero asthe leve of human capitd, h, increases over time. (Thisis
exactly what happens to the physica capita term, as a given investment rate leads to
dower and dower proportiond growth in the stock.) But if there is sufficiently high
feedback in human capitd accumulation, i.e. if g=1, thefind termin [5] isa pogdtive
congant. That isto say, the long-run growth rate is pogtive. Moreover, it isincreasng
in the amount of labour time that is devoted to education.

Given sufficient dynamic feedback, public subsidy of education and training can
increase long-run growth. In the presence of positive externdities, or other sources of
market failure, such policy will aso increase economic wefare.

Embodied or dissmbodied human capital

Isit reasonable, however, to suppose that the feedback effect is sufficiently strong
to make education the engine of long-run growth? Note that even if the feedback
parameter is close to unity, say g=0.9, the long-run rate of growth in [5] will diminishto
zero astheleve of human capital increases. Stable long-run growth requires a parameter
vaue of unity. It aso requiresthat there be no limit to the accumulation of human
cgpitd. Human capacities to think, organise and remember are, however, usualy



presumed to be finite. Moreover, our skills and abilities die with us and have to be
replaced in every successive generation.*

In addressing the problem of limits to human capatiilities, Paul Romer (1990)
emphas ses the digtinction between the skills and abilities that are embodied in individud
humans, and disembodied knowledge. He focuses on the properties of the latter category,
the world of ideas and research, supposing that there is sufficient dynamic feedback in the
research sector to generate endogenous growth and that the scope for developing new
idessislimitless

In Romer’smodd, it is the number of people engaged in research and
development that drives long-run growth. His mathematica representation of the
generation of new ideas (or blueprints for new products) is smilar to that of Lucas
educational sector:

dA  _

e f LA (6]
where A; represents the number of productive idess that have been redlised at timetin
higtory and the differentid, dA/dt, is the current output of new ideas from the research
sector. L represents the amount of human capita, or the number of researchers,

devoted to innovation.

Crucialy, Romer assumes that the rate of innovation is directly proportiond to the
extant sock of knowledge. Thisisthe ‘standing on shoulders hypothesis of knowledge
accumulation, so labdled by Charles Jones (1998), in reference to Isaac Newton's
disclamer:

If I have seen farther than others, it is because | was
standing on the shoulders of giants.

In the accumulation of disembodied idess, rather than embodied skills, it isindeed
plausible to suppose that the level of current output might be directly proportiond to the
sze of the stock. The more ideas and theorems that we have to draw on, the easier it isto
generate new ones. Moreover, ideas do not necessarily disappear when their devel oper
dies— they can typically be recorded and transmitted a minimal cogt.

Implicit in Romer’s formulation of research output isthe ideathat thereis an
evenly distributed and infinite universe of potentid ideas waiting to be discovered. So a
given amount of research effort will produce a predictable number of new ideas. A more
redigtic approach, alowing the discovery rate to fluctuate, is summarised by Aghion and
Howitt (1998) in their discussion of General Purpose Technol ogies semming from
innovations such as the steam engine, the eectric dynamo and the computer.

Non-rivalry of ideas
Aswidl as hypothesising dynamic feedback in the generation of new ideas, Romer

* Lucas (1983) assertsthat his model of endogenous growth can be sustained across generationsif achild’'s
initial endowment of human capita is proportiona to thelevel aready attained by the adults— but, unless
Lysenko was correct, the genetic transmission of acquired human capital is unlikely.



emphasises that ideas have another significant economic property, non-rivalry. Objects
are usudly rivd, meaning that if you are usng something, | cannot use it & the same
time. But thisisnot true of ideas. Once the binomid theorem has been published, your
use of it does not in any way interfere with my use of it.

Of course, people can try to stop us making use of ideas. Theidea of the printing
press has, at times, been bitterly opposed by church and state. Bill Gates employs
lawyers who might try to prevent an entrepreneur from sdlling the new computer
operaing system ‘Box2002 which relies on opening and closing ‘boxes on the
computer screen by pointing and clicking with amoulded plastic ‘cat’. But these
examples refer to the excludability of ideas, which depends on the actions of people
supported by indtitutions of laws and property rights, rather than non-rivalry, whichisan
inherent features of idess.

Romer makes use of this distinction by assuming that ideas are fully excludable in
the gpplication of ideas or blueprints to the production of goods. For example, a
researcher can acquire full patent protection for the desgn of anew drug; it can only be
manufactured if royatiesare paid. On the other hand, she has no protection againgt other
researchers who can reverse engineer her ideas and come up with their own different but
improved drug design. Indeed, when the origina researcher files her patent, she hasto
describe her ideg, thereby providing her rivals with afree input into their subsequent
research.

Romer’s hypothesis that ideas are non-riva and nonexcludable in the research
process has important implications for public policy. Researchers may reap the benefits
from the direct gpplication of their ideas, but they do not receive monetary reward from
otherswho ‘ stand on their shoulders. Left to the market, there will be an under-supply
of research effort. Public intervention is required to subsidise research, hence stimulate
growth, up to the socidly optimum leve.

Other aspects of knowledge accumulation are analysed by Aghion and Howiitt
(1992) and Aghion and Howitt (1998) who emphas se the Schumpeterian notion of
‘crestive destruction’. Patent rights may bestow monopoly power on the producer of a
particular generation of an innovative good; but they cannot prevent the development by
ariva of the next generation of goods which are superior in quaity and/or price. The
creation of the improved verson destroys the flow of profits to the previous monopolit.
Unbridled competition in such amarket can lead to too much research being carried out,
where the research is concerned with margind quaity improvements rather than new
products and processes. Neverthdess, such researchis still cagpable of driving long-run
economic growth.

2. The Cambridge Counter-Revolution

Theintellectud euphoria of endogenous growth theory was chalenged by a group
of economists, mostly connected with or based in Cambridge, Massachusetts, who chose
to stand behind (or on the shouders of) Nobel laureate Robert Solow of MIT.

Solow (1994) himsdf is criticd of the knife-edge assumption required to generate
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gtable long-run growth in the models of Romer and Lucas. His point isthat these models
require the dynamic feedback parameter in the education / research sector to be exactly
equd to unity. If welook back to Lucas modd, where the growth rete of the economy is
determined by equation [5], we can see that avalue of 0.9 for the parameter, g, will,
eventually, reduce growth to zero: thefina term of that equation hash* 9 in the
denominator, which drives the term to zero as human capitd, h, risesif gislessthan one.
Stable long-run growth requires that the parameter be exactly one.

Romer (1994) has argued that this knife-edge property can be overcomein amore
complex modd. More damaging to the endogenous growth cause, however, has been the
empirical work of another Cambridge (Harvard)-based economist, Greg Mankiw. Ina
much-cited paper - Mankiw et al. (1992) - he and his co-authors do not tackle the
endogenous growth modelers head-on. Rather, they stedl the ball of human capital from
the endogenous growth scrum and use it to recongtruct the 1956 Solow model.

Their “augmented Solow modd” includes human capital as athird factor in the
aggregate production function, dongside capital and unskilled labour. They investigate
the rlationship between steady- sate levels of output and the three inputs, using
secondary school enrolment rates as a proxy for the rate of investment in human capital.
They conclude that the factors are of gpproximately equa importance— i.e. that the
eladticity of output with respect to each factor is gpproximately one third — and that
together they account for eighty percent of the observed variaion in 1985 income levels
across some 98 nations.

This was a neat Sdestep, rather than adirect hit on endogenous growth theory.
There was no attempt to directly confront the two models with a discriminating Satigtica
test, but the 1956 modd was effectively rehabilitated. And thiswas only hdf timein the
comeback maich. In an equdly influential second-half, the Mankiw et al. (1992) paper
provided a clever re-interpretation of an empirica regularity. Studies of post-war
economic growth had typicaly reported a conditional convergence effect. These studies
ran regression models of the form:

(Inyr-Iny,) = a + biny, + gX, + & [7]

where the dependent variable is the growth rate of y, output per capita (or per worker),
over aperiod of T years. X; represents avector of additiona explanatory variables.
‘Conditiona convergence issaid to exist if the regresson parameter, b, is negative—a
lower gtarting value for y is associated with a higher subsequent rate of growth,
conditional on the X variables that explain differencesin rates of growth.

Previous authors® had interpreted conditional convergence as evidence that
technologicd spillovers from the most advanced economies enabled |ess advanced
economies to imitate and thus enjoy relaivey fast productivity growth. The Mankiw-
Romer-Wall re-interpretation of such evidence, echoed by their Harvard colleagues
Robert Barro and Jeffrey Sachs,® involves treating the X variables as determinants of the
neo-classica steady State, rather than the long-run growth rate. They then interpret the

® For example, Abramovitz (1986) and Dowrick and Nguyen (1989).
6 Se Barro and Lee (1994) and Sachs and Warner (1997).
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initia income variadle (Inyp) as ameasure of distance from steady state and the b-
coefficient as ameasure of the speed of convergence to steady dtate.

Thisre-interpretation of the evidence in favour of the neo-classical mode has
been complemented by the more direct approach of MIT graduate, Charles Jones.” He
highlights the fact that endogenous growth models based on the accumulation of
knowledge, such as Romer’s model, typicaly suggest that the rate of growth should be an
increasing function of the resources devoted to R&D.2 He cites evidence from the US
that contradicts this prediction:

“ Snce 1950, the fraction of the labour force engaged in formal R& D has increased
by almost a factor of three. Despite these changes, average growth rates ... are no
higher today than they were from 1870 to 1929..”

Jones (1998)

Jones aso criticises some of the key assumptions underpinning the knowledge-
based models of endogenous growth. In particular, he suggests that knowledge creation
may become more difficult over time asthe easy ideas are discovered firs, leaving
subsequent researchers with a pool that has been *fished out’. He also suggests that
researchers may often duplicate each other’ s efforts. * stepping on toes' rather than
‘standing on shoulders .

These critiques of endogenous growth theory seem to imply that policies aimed at
increasing investment in education and/or research will not be successtul in raising the
rate of economic growth for asustained length of time. | will argue in the next section of
the paper that thisis not necessarily the case.

3. Reconciling conflicting theories of growth

A crucid difference between the neo-classica and new growth theories concerns
the question of whether the long-run rate of growth of the economy is some exogenous
constant or whether it can be influenced by public policy. Put another way, the question
iswhether policies and inditutions that influence the rate of accumulation of physica
and/or human capital have long-run effects on the level of economic activity or on itsrate
of growth. For purposes of practical policy-making, however, this distinction may be
relatively unimportant - if the ‘long-run’ never arrives. Looking back to Figure 1, if
economies are subject to shocks of sufficient magnitude and frequency, it may be
difficult, if not impossible, to tell whether the long-run growth path redlly looks like path
B or path C. Inthe ‘short-run’ — between time Tp when the first mgor shock occurs and
some time Ty, when another such event occurs — the paths may be virtualy
indistinguisheble.

The evidence of the neo-classicd revivaists can be interpreted to support this

7 See Jones (1995a) and Jones (1995h).
8 Although Aghion and Howitt (1998) show that their Schumpeterian model of endogenousinnovation can
be adapted to diminate the scale effect

12



view. Mankiw et al. (1992), Barro and Sda-i-Martin (1995) and Sachs and Warner
(1997) dl report growth regression evidence suggesting that the rate of convergence
towards steady dtate is of the order of two percentage points per year, implying that it will
take more than thirty years for a country to halve the gap between its current income and
the steady tate level.® Within ahalf-life of several decades, we must surely expect that
there will be changes in invesment rates and changesin technology such that the neo-
classca economy israrely able to get close to steady Sate.

A useful way to think of this problem isto congder the specification of the Error
Correction Modd. The ECM is commonly used to decompose macroeconomic time-
seriesinto cydica and long-run components and to test for long-run cointegrating
relationships. A typica regresson is of the form:

(Iny-Iny.,) = a{X,- X4} +1[Iny,-bZ )] +e [8]

wherey represents rea output and the dependent variable is the growth rate of output.
The explanatory variables are segregated. The X variables, which influence short-run
movements, are entered in first differences. The Z factors are entered as lagged
variables, dong with the lagged vaue of output, yi-1. For analysis of the long-run path,
the firgt differences are set to zero, yielding the long run path for output as a function of
the Z varidbles

Iny,. = b Z. [l

Thisvery generd empirica specification is consistent with both exogenous
growth and endogenous growth modes. If the Z vector contains atimetrend, T, the
regression coefficient on T is an estimate of the exogenous rate of technologica progress
—asinthe neo-classcad model. However, the Z vector may equdly wel contain the time
trend interacted with another variable, such asthe leve of human capitd. If S0, the
coefficient on this term captures the impact of human capital on the long-run growth rate
of the economy — as predicted by some endogenous growth models.

In the ECM framework, the sign of the regression coefficient | indicates whether
output convergesto the long-run path. The square bracketsin [8] capture last period’'s
deviation from the long-run path. The negative vdue of | indicates the proportion of last
period's ‘error’ that is‘ corrected’ in the current period.

A typicd time-series sudy that istrying to identify bregksin trend growth, using

thirty to forty annua observations, might find a half-life for the business cycle of two to
three years.*® In this context, the ‘trend’ growth is approximated by the average growth

9 Subsequent studies on panel data have estimated higher speeds of convergence: in particular, [Idam
(1995) and Lee et al. (1997) etimate annua convergence rates up to nine percent and thirty percent
respectively. But Dowrick and Rogers (2002) show that these studies confound the effects of neo-classca
convergence— due to diminishing returns to investment — with the effects of internationa technology
diffusion. Separating out these effects, they find that the half-life of neo-classcal convergenceis more than
fifteen years.

10 A pooled time-series cross-section study by Leeet al. (1997), allowing for heterogeneity in country-
specific time trends, has estimated convergence in the Solow-Swan modd to have ahdf-life of 2.5 years. |
interpret this as afailure to distinguish the speed of trangition to steady state from the fluctuations of the
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rate over one or two decades, averaging out fluctuations over three or four business
cycles. But if convergence to the neo-classical steady state growth path has a hdf-life of
thirty years, thistime-scaeis dearly insufficient to cgpture the underlying long-run rate
of growth. Rather, we are identifying changesin the dope of the trangtiond growth
path.

This supposition is confirmed by the recent study of Jones (2001). He adopts a
modified growth accounting gpproach to anadlyse the last fifty years of US growth. He
finds that only onefifth of the actud growth rate of labour productivity (averaging 2.0
percent per year) has been attributable to exogenous technical change. The remaining
four-fifths of growth (1.6 percent per year) is attributable to continued growth in
education and research intengity. In histerms, (p. 23): “Trangtion dynamics associated
with educationd attainment and the growth in research intengity account for 80 percent of
growth”.

Jones conclusion is couched in the language of the neo-classical approach.
Sustained growth above steady state levels can only be trangtiona and is driven by
sugtained (but ultimately bounded) growth in the share of GDP going to investment in
human capitd. An dterndive interpretation of the same evidence might claim that
increased investment in human capital has raised the long-run endogenous rate of growth.

Evidence that reconciles the two approaches to understanding growth comes from
Benhabib and Spiegel (1994) who carry out econometric estimation on various models to
explain variation in 20-year growth rates (1965-85) on a cross-section of 78 countries. In
their preferred model, technologica progressis the sum of two components. an
exogenous component, as in the neo-classca modd; and a semi-endogenous component,
related to the rate of absorption of technology from the technologica |eading country,
captured by an interactive term between the productivity gap and the level of human
capitd. Ther preferred mode draws on the earlier analysis of Nelson and Phelps (1966).

They report that the interactive term is satisticaly sgnificant, supporting the idea
that there is an endogenous component to technologica progress. At the same time, they
estimate an output dadticity doseto 0.5 for physical capitd, suggesting diminishing
returns to investment and a dow rate of convergence towards the steady State capita
stock.

Broadly smilar results are reported by Dowrick and Rogers (2002). Our study
differsfrom that of Benhabib and Spiegel (1994) in that we carry out the andysison a
pand of growth data. This enables usto test for country-specific effects. We aso use an
instrumenta variable estimator to control for reverse causation between growth and the
explanatory variables. Country-specific effects, which we interpret as endogenous
components of technica progress, are found to be important. We confirm the finding that
the leve of human capita facilitates technologicd catch-up, especialy amongst the
middle-income and richer countries.

These modd's combine features of the neo-classical theory with the new growth
theory. Changesin therate of physica investment have, ultimately, only levd effects;

busnesscycle.
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but within atime frame of one or two decades thisis indigtinguishable from a growth
effect. At the same time, countries have different rates of technologica progress with an
endogenous component, dependent on the stock of human capital and the dlocation of
resources to research, and a semi-endogenous component, dependent on the rate of
technologica progress at the frontier and on the country’ s ahility to absorb ideas from
abroad.

4. Evidence on Education and Growth

Some of the earliest Sudies that investigated the link between education and
economic growth were conducted by Mankiw et al. (1992) and Barro (1991). They
examined variaionsin school enrolment rates, using a single cross-section of both the
industrialised and the less-developed countries. Both studies concluded that schooling
has a sgnificantly positive impact on the rate of growth of real GDP. They interpreted
this as evidence of changes to (short-run) trangtiona growth paths. Barro and Sda-i-
Martin (1995) dso investigated the impact of educationa expenditures by governments,
finding that they have a strong positive impact. Using instrumenta variable techniques to
control for smultaneous causation, their regressions suggest that the annud rate of return
on public education is of the order of twenty percent.**

A series of subsequent studies made use of panel data, examining changes over
time in both education and growth. Severd of these pand studies - induding Benhabib
and Spiegdl (1994), Idam (1995) and Cadlli et al. (1996) - failed to detect any
sgnificant relationship between the rate of increase of educationd capital and the rate of
economic growth. They suggested that the positive findings of the earlier cross-section
studies were due to omitted variable bias, failing to control for country-specific effects.

More recently, athird generation of studies has suggested a number of reasons
why the negative findings of previous pand studies might have been biased. Pritchett
(2001) has argued that poor policies and indtitutions have hampered growth in many of
the least developed economies, directing skilled labour into relatively unproductive
activities, hence disrupting the satistica relationship between education and growth in
samples that include less-devel oped economies. Krueger and Lindahl (2001) suggest that
the problem of unobserved variation in educationd qudlity is exacerbated in pand data
Taking data quaity into account, they show that increases in the stock of schooling do
improve short-run economic growth. Hanushek and Kimko (2000) confirm that direct

1 Barro and Sdai-Martin (1995) report an incressing marginal effect on growth of years of schooling — but
thismay be due to alack of variaion in the data. on primary enrolments. More surprising istheir finding
that positive growth effects are confined to male education. On the other hand, astudy by Casdlli et al .
(1996) uses amore sophigticated panel estimation technique (Generd Method of Moments) and reverses
the result — it is fema e secondary education rather than male education that promotes growth. Thisfinding
is confirmed by Knowles et al. (2002). These contradictory results probably reflect strong colinearity
between fema e education, male education and other measures of development, such aslife expectancy and
fertility, which areincluded in the regressons. Moreover, where many women are involved in domestic
rather than market economic activity, the educationa enhancement of their contribution to economic
welfare may not be picked up directly by standard measures of GDP.
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measures of labour-force quality, from international mathematics and science test scores,
are rongly related to growth. Temple (2001) finds that growth effects are positive, but
nor+linear. These nontlinear effects may be missed by studies that impose linearity.

Ovedl, it seems that dudies that pool the leest and the most developed
economies do not find consgtent and robust relationships between education and growth.
For evdudion of Audrdian policy, it is probably more ussful to examine dudies that are
restricted to OECD economies.

Mankiw et al. (1992) edimate the determinants of countries steady-dtate income
levels as a function of invesment in both physcd and human capitd. For their cross
section of OECD countries, they edtimate an dadticity of 0.76 between steady-date
output and the proportion of the workforce enrolled in secondary school. Trandating the
dadicity into the margind impact of an additiond year of schooling in OECD countries
(where average schooling varies between five and twelve years), this implies that steady-
date red GDP increases in a range of gx to fifteen percent, with an edtimaed eight
percent increase for a country like Austraia with average schooling of ten years.

Bassanini and Scarpetta (2002) andyse pane data, usng annud data for 21
OECD countries from 1971 to 1998. They use a Pooled Mean Group estimator, which
dlows for cross-country variations in short-run coefficients, but they test for and impose
homogeneity on long-run coefficients.  They conclude that the socid return to an
additional year of schooling is a Sx percent increase in Steady-state output, according D
their most religble estimates.

Tablel

Predicted increase in the leve of output for an additional year
of schooling in the adult population of an OECD country

STUDY LEVEL
EFFECT

Bassanini and 6%

Scar petta (2002)

M ankiw et al. (1992) 6% - 15%

These macroeconomic edtimates refer to that pat of the socid returns to
schooling that is captured in GDP. It gppears that these etimates are close in magnitude
to microeconomic estimates of private returns to the education of individuds — This
implies that the externd effects of education are rdaively smdl, & least in the context of
the level effects of education.

These conclusons must be modified, however, in the light of a series of empiricd
sudies that have been inspired by the hypothesis of Nelson and Phelps (1966) that human
cgpital may influence the rate of introduction of new technologies. Benhabib and Spiegdl
(1994), for example, compare models that treat human capitd as adirect input into
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production with mode s tresting human capitd as an intermediate input into the

acquisition of skills and/or knowledge. The former implies arelaionship between output
growth and educationa growth, whereas the latter implies a relationship between output
growth and the average stock of human capita per worker. Their study favours the latter
model. A more educated work-force can more readily identify, adgpt and implement new
ideas — whether the ideas are generated domestically or oversess.

Thisfinding, that education levels affect long-run technologica progress, is
confirmed by Frantzen (2000) who analyses the growth of tota factor productivity (TFP)
between 1961 and 1991 in the business sectors of 21 OECD countries. Itisaso
confirmed by Dowrick and Rogers (2002) who investigate the rate of technologica
convergence between 1970 and 1990 for awide sample of 51 countries and for a sample
of 35 relatively rich countries.

These sudies share acommon regression specification of the genera form:
TFP growth in country i = a S+b S f(pr)+.. (10
where S isthe average years of schooling in the adult population, and pr; isthe retio of
productivity in the technologically leading country relative to country i.

Thefirgt regression coefficient, a, captures the impact of schooling on domestic
innovation. The second regression coefficient, b, captures the impact of schooling on the
absorption of technologica spillovers from the technologicaly leading country.

All three sudies find that the level of schooling isa datigticdly sgnificant
determinant of growth. The predicted effect of an additiona year of schooling in the

adult population on the annud rate of growth of total factor productivity isa +b f (pr,) .

Conddering the case of Audtrdia, where the US productivity ratio is approximately 1.5,
we compare the predicted growth effects of schooling in Table 2.

Table?2

Predicted increase in long-run economic growth in Australia
dueto an additional year of schooling in the adult population

STUDY GROWTH EFFECT

Benhabib and Spiegel (1994) 0.3 percentage points

Frantzen (2000) 0.8 percentage points

0.2-05

Dowrick & Rogers (2002) percentage points

* The lower of these estimates is derived using the coefficient reported in Table 2, using the full sample of
countries. The higher esimate is from the coefficientsin Table 3, using the 35 country sample of relatively
rich economies with better data quality.
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Even the lowest of these estimates predicts a highly significant boost to annud
economic growth, one fifth of a percentage point, for every additiona year of schooling.

Ausgtralia’s educational attainment report

In the light of these estimates, it is of interest to draw up areport card on
Austrdia s record of educationd attainment. The data we use are taken from Barro and
Lee (2001) who have revised and updated their previous estimates of the average years of
schooling in the population aged 25 and over. Figure 2 showsthe time path of this
messure for Australia and selected OECD countries.

Forty years ago, Audtrdian adults averaged 9.4 years of schooling, aleve of
atainment that was not only significantly above thet of the other countries illustrated, but
was surpassed only by New Zedland out of the one hundred countries covered by Barro
and Lee. By theyear 2000, Audrdia s average schooling level had climbed to 10.6
years. Attainment rose faster, however, in dl of our comparator countries, with the result
that Augtrdia has dipped below the USA, Norway, Sweden and Canada and is only
fractiondly higher than Korea.and dightly higher than Japan.

Of course, the average of years of schooling is an imperfect measure of skills and
abilities, snce educationd quality varies across countries and over time, and because it
ignores the abilities acquired through experience and workplace training. In the mid-
1990s twenty countries participated in the OECD’ s International Adult Literacy Survey.
This survey provides adirect comparison of work-relaed skills, including measures of
literacy and numeracy. Figure 3 presents a scatter plot which demonstrates that, on either
measure, Australian adults rate close to the OECD average.

The Third Internationa Maths and Science Study, conducted in 1994 and 1995,
confirms Australia s average performance. On measures of 7" grade proficiency in
Maths and Science, Audiralian school students ranked fifteenth and twelfth respectively,
out of the 37 country scores reported by Barro and Lee (2001).

These international comparisons suggest that Audtraia s educationa report card
Sarted well, but slackened off. Substantial room for improvement.’
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Adult quantitative score

FIGURE 2

Average Yearsof Schooling in the Adult Population
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Education, Fertility and the Ageing Population

Asliving standards rise, so families choose to have less children and the rate of
populaion growth tendsto fal. Thisisevident in the historicad development of many
countries™ and it is awell-documented observation when comparing modern nations.

Economic andysis suggests that the driving force that Smultaneoudy raises
income levels and reduces fertility is the accumulation of human capitd. Barro (1991)
reports that countries with higher human capitd tend to have lower fertility rates and
higher rates of physca investment. Becker et al. (1990) develop amodd of endogenous
fertility and human capitd accumulation in order to explain the Barro finding. They
hypothesise arising rate of return on human capita — as in some of the endogenous
growth models. Parents depend on their children for support in old-age. Thisimplies
that when human capitd is abundant, rates of return on education are high rdative to
rates of return on the number of children. Asaresult, societieswith limited human
capital choose large families and invest relatively little in the education of each member.
Societies with abundant human capitd invest relatively more in the education of asmdler
number of children — opting for quality rather than quantity

More recent studies suggest that gender differentials in education are of particular
importance. Aswomen catch-up on the educationd attainment of men, hence on ther
earning power, they are motivated to have fewer children and to trandfer more time to
working outside the home.

It does seem likely that one of the driving forces of Audtrdian prosperity over the
past few decades has been the huge improvement in the educationd attainment of young
Audrdians, particularly young women. More than three-quarters of the current
generation of young Australian women (born between 1975 and 1980) have completed
Year 12 of their schooling. In their grandparents' generation, only one third of young
women born between 1925 and 1939 completed their secondary education. Whilst the
educationd attainment of young men has dso increased over the past fifty years, they
darted from a higher leve, with fifty percent of pre-war boys completing their secondary
education.*?

This massive shift in educational aspirations and achievement has had a profound
effect on fertility and population growth - both in Austrdia and overseas. Aswomen
have attained higher levels of education, and as discriminatory barriers, such as the public
service marriage bar, have been abolished or reduced, so their potentia earnings have
risen. They have chosen to increase their participation in the labour force and to have
fewer children.

The fertility rate of Augtraian women fell below the replacement rate of 2.1, for
the first time this century, in 1976 and has since fdlento alow of 1.75. Figure4
illugtrates the time path of both fertility and femae schooling over the past three decades.

12 Once they have dlimbed out of the Malthusian trap of extreme poverty, whererising living standards are
associated with rising population growth.

13 Datasources: ABS6235.0, Feb. 1993, ABS 6227.0. Callins et al. (2000).
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The baby-boom years ended abruptly in the 1970s, with the average Audtrdian family
choosing to have two rather than three children. A large increase in the proportion of
girlsstaying on to Year 12 occurred in the 1980s, more than doubling from 38% in 1981
to 78%in 1991.

Meanwhile, women participated in the labour force in ever increasing numbers.
Figure 5 charts the rise from a participation rate of 33% in 1964 to over 50% in the
1990s. Austraian women, in the 1970s and 1980s, made a mgjor break with past patterns
- choosing to spend lesstime in domestic work and more in the labour force, whilst
having less children but investing more in their educeation.

FIGURE 4

Female Education and Female Fertility
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FIGURE 5

Female Fertility and Participation in the Labour Force

55 3.3
-
- 1 ’ - .’ r3.1
< 50 4 F2.9
- ” _
[ r ©
=) 2.7 €
c 45 ’ s o
T -
S s ., =" -—2.5?_)
Z ” = = Labour force participation (left scale) 1.3 &
o 40 T+ - 2
2 - —&— Fartility Rate (right scale) 21 E
Y— - fe)
o r
L 354 , 1.9
’ 1.7
30 -ttt 1.5
1964 1969 1974 1979 1984 1989 1994 1999

Of course, fdling fertility not only dows down the rate of population growth, it
aso changes the age composition of the population. A standard demographic projection
by McDonald and Kippen (1999) suggests that over the next forty years the proportion of
the population aged 65 and over will double from its current leve of twelve percent. As
the rdaively smadl current cohorts replace the older cohortsin the workforce, so the
working age population shrinks relative to the retired population. But these younger
cohorts are, on average, much better educated than those that they are replacing.
Although the workforce is becoming relatively smdler, it is dso becoming rdaivey
smarter.

5. The contribution of R&D to Economic Growth

| have dready discussed the attributes of knowledge that make it sgnificantly
different from the accumulation of items of physical capitd. These specid atributes are
non-rivalry and dynamic feedback. Once a new idea has been generated, it can be used
smultaneoudy and costlesdy in many different processes — whilst a particular ball
bearing can operate only in one machine a onetime. Furthermore, the idea can serve as
an example and ingpiration for further research.

These are the attributes of knowledge that give it the potentid to drive long-run
growth. But the properties of non-rivary and feedback also suggest that the market may
fall to dlocate sufficient resources to knowledge generation because individuas have
difficulty in establishing and enforcing property rights over their new ideas— some of the
benefits of an innovation are likdly to accrue to others. When the private return to
innovation is less than the socid return, governments need to subsidise R&D.

Paul Romer (1993) has argued that whilst governments should fund fundamental
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research, it may well be appropriate for self-funding industry associations to fund
development and gpplied research - using government only to enforce the collection of
agreed contributions™* Weder and Grubel (1993) expand this point in their discussion of
the 'Coasean’ indtitutions which operate in various countries to internaise knowledge
gpillovers and promote technica progress. In particular, they cite the occurrence of three
types: (i) industry associations such as the Japanese Keiretsu or Swiss Verbande; (i)
conglomerate corporations, including multi- netiond enterprises; and (iii) geographic
clustering of indudtries, such as Silicon Valey or the Northern Itdian networks. They
point particularly to the Swiss and Japanese examples, where voluntary associations,
supported by public policy, encourage long-run relationships between verticaly related
firms and encourage joint ventures and cooperation including joint research and training
schemes.

R& D expenditures typicaly condtitute, for advanced economies, only afew
percent of GDP - perhaps one tenth of the expenditure devoted to investment in physica
equipment and structures. In a standard growth accounting framework, variationsin
research effort will, therefore, explain very little of the differencesin growth rates
between countries. But the point of much of the new growth theory is precisdly that if
knowledge spillovers are substantid, and if knowledge exhibits dynamic feedback
effects, then even small changes in the resources devoted to the production of knowledge
may result in substantiad changesin economic growth. This point is made by Grossman
and Helpman (1991) who cdibrate their modd to match the US growth experience. They
predict that, whilst businessinvestment congtitutes around ten percent of GDP, R&D - the
engine of growth - need comprise aslittle as 1.6 percent to generate economic growth of
2.5 percent per year.

Lichtenberg and Siegel (1991) surveyed some fifteen previous sudiesinto R&D
investment by US firms and industries, reporting red private rates of return averaging
25%. Their own econometric study of two thousand US firms revealed a 30% rate of
return on company funded R& D, a‘ productivity premium’ on basic research, and a 7%
return on federally funded company research. These estimates of private rates of return
on company-funded R& D are very high, given that investment in physica capitd might
be expected to earn areturn closer to ten percent. The higher rate of return on research
reflects, presumably, alarge premium for risk and problems in diversfying or pooling
such risk.

Nadiri (1993) confirmsthet private returnsto R& D are particularly highin his
review of the literature: * .. net rates of return on own R&D of 20% to 30% at the firm
level and 10% to 30% at the industry level are reasonable sets of estimates.” He goeson
to examine spilloversto other industries and concludes:

“The spillover effects of R&D are often much larger than the effect of own R&D at
theindustry level ... socid rates of return often vary from 20% to over 100% with an
average somewhere close to 50%.” (Nadiri, pp 34-35)

A subsequent paper by Lichtenberg (1992) is one of the first attempts at studying
the cross-country evidence on the impact of R& D expenditures on both the level and the

14 Australian agricultural research haslong been funded on this basis.
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rate of growth of real GDP. Using a sample of 74 countries, his growth regressons,
using the neo-classica framework, reved that returnsto R& D are approximately double
the returns to physical invesment — aresult that is broadly congstent with estimates from
the microeconomic studies of firms and indudtries.

Coe and Helpman (1995) try to quantify the magnitude of internationd R&D
spillovers. They seek to explain variationsin the annua growth of total factor
productivity (TFP) for 21 OECD countries, plus Isragl, over the period 1970-90. Their
econometric andyd s finds that the stock of knowledge in one country, measured by
cumulated historical R& D expenditures, raises productivity in foreign countries with
which they trade. It isnot clear exactly why the extent of technology transfer should
depend on the magnitude of trade with atechnologicaly advanced economy, though their
empirical findings appear to be quite robust and have been confirmed by subsequent
studies. One plausible explanation stems from the observation by Eaton and Kortum
(2001) that the high R& D economies are aso the magjor world exporters of capita goods.
The generd trade variable used by Coe & Helpman may be acting as a proxy for the
import of high tech capital goods for which the producers are unable to expropriate al of
the rents.

Frantzen (2000) has extended the Coe and Helpman approach and provides us
with estimates of rates of return on domestic R& D as wdll as estimating the strength of
internationd technologica spillovers. He finds that the following regresson has strong
datigtical significance on asample of 21 OECD countries:

The annual growth rate of TFP in the business sector, 1961-91
= 0.59 x (grossexpenditureon own R& D) / (business sector GDP)

+ 1.52 x SUM { (research intensity in country i) * (import share from country i) }

Thefirgt regression coefficient is an estimate of the nationd (socid) rate of return
to R&D — capturing not only the productivity benefits that accrue to the firms which
make the investments but aso the spillover benefits that accrue to firmsin the same or
related industries. The second regression coefficient captures the spillover benefit that a
country can gain from research carried out by atrading partner. This benefit is
proportiond to the share of imports from that country in GDP — perhaps reflecting the
embodied technologica improvementsin imported capital equipment.

It isingructive to compare Frantzen' s estimates with other estimates of returnsto
R&D expenditures. A summary isprovidedin Table 3. Interestingly, he estimates a 59%
socid rate of return on national R& D expenditures, which is close to the average figure
suggested by Nadiri’ s review of firm and industry-level studies. Itisaso closeto the
resultsof Lichtenberg and van Pottel sherghe de la Potterie (1996) who estimate that the
socid rate of return on domestic R& D is 51% in the large G7 economies but 63% in 9x
smaller European countries.

All of these estimates lie substantially above the various estimates of private retes
of return, implying that there are very sgnificant spillover effects between the firms and
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industries within a nationa economy.

Theimplication for Austrdia of the benchmark Frantzen estimate can be
caculated asfollows. Our gross annua R& D expenditure (public and private combined)
of around ten billion dollars amounts to one and a haf percent of tota GDP, or
approximately two percent of business sector value added. An additiond hillion dollars
annua expenditure on R& D, representing one fifth of one percent value added, is
predicted to increase the annual growth rate by just over one tenth of a percentage point.

Table3

Estimated Rates of Return on R& D Expenditures

Study Sample Rates of Return
Private Social Cross-
Returns Returns country
Spillovers
Lichtenberg and i) survey of fifteen previous 25%
Segd (1991) dudies of USfirmsand
industries
i) 2000 USfirms 30%
Nadiri (1993) survey of fifty US and other 20%to 50%
dudies at firm and industry 30%
leve
Lichtenbergandvan | GDP growth across OECD 51-63%
Pottelsberghe de la countries
Potterie (1996)
Frantzen (2000) Business sector TFP growth 59% 45%*
across OECD countries

* if theimportsGDP retio equals 0.3.

What would happen if the countries from which we import our capita goods were
each to increase their research intendty by 0.2 percentage points (the samerise asin the
example above for Audrdia)? If we multiply the regresson coefficient on foreign R&D
by Audrdid stotal share of importsin GDP, which isthirty percent, we find that
technology spillovers are predicted to increase Audtraian growth by just over one tenth
of apercentage point. In other words, domestic R& D and spillovers from foreign R&D

are of roughly equa importance for productivity growth.

If these estimates of nationa rates of return are gpproximately right, Augtrdiaand
other OECD countries appear to be suffering from gross under-investment in R&D.
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Public and private funds that are currently being devoted to investments with much lower
rates of return would be profitably diverted into R&D. Jones and Williams (2000) reach
agmilar condusion in ther analyss of returnsto investment in R&D in the USA.

Australia’ sinvestment in R&D

Compared with the leading indugtrid economies of the OECD, Audrdiainvests
less of its resourcesinto R& D — and alesser proportion of that investment is carried out
within the business sector. In Figure 6 we see that the share of GDP devoted to R&D in
Augtrdia has been growing over the past few decades, from under one percent to around
one and a hdlf percent. Our research intengity is, however, still well below that achieved
by other mgor industria economies such as Jgpan, the USA and Germany where the
R&D ratio has averaged two and a half percent over the past twenty years.  On the other
hand, Audtrdian R&D intengity is close to or above that of Canada and New Zedand,
countries with comparably large rurd sectors. R&D intensity dipped after peaking at
1.7%1in 1996. Thisisattributablein thefirs indanceto afdl in R&D within the
business sector of the Audtrdian economy, which was driven in part by the reduction in
the tax concession for R&D.

Even a its peak, the Austrdian business sector’ s contribution to R& D has been
comparatively low. In Figure 7 we see that the proportion of total R&D that is carried
out in the business sector had been rising from 1981 up to 1995, from 25% to 51%, but
then fell to 45% by 1998. In the other economies that areillugtrated in Figure 5, with the
exception of New Zedand, well over hdf of nationd R& D was carried out by the
business sector.

An interesting perspective on Australian performance on a broader measure of
‘Investment in Knowledge' comes from OECD (2001) which aggregates expenditures on
R& D, higher education and computer software. On this measure, Audtrdiaranks
fourteenth out of the 24 countries surveyed. Interms of the rate of growth of knowledge
investment over the 1990s, Audtrdiaranks tenth.
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FIGURE 6

Gross Expenditure on R&D as % of GDP,
1981-99
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FIGURE 7

Sectoral Composition of Australian R&D
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FIGURE 8

Business Enterprise R&D as Share of Total (1988)
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6. Conclusions

The neo-classical revivd in growth theory has had the paradoxica effect of
reinforcing one of the mgjor points of the endogenous growth revolution. The driving
force of economic growth isinvestment in human capital — skills and ideas — rather than
invesment in machines and buildings. The academic debate will no doubt continue over
whether government policies that affect the rate of investment have any influence on the
long-run, aswdl as the short-run, rate of growth of the economy. For practical purposes,
however, if the ‘short-run’ involves atrangition period of several decades, this debate
may be drictly academic - in the pgorative sense of theword. Policiesthat affect
investment, particularly in embodied or disembodied human capital, can have a sustained
impact on economic growth.

A review of empirical studies on sources of economic growth confirms these
cdams both education and R&D are important sources of sustained growth. In the mid
1990s, a number of studies were published claming that there was no systematic
relationship between changesin nationa educationd atainment and changesin economic
growth. Subsequent studies have, however, established that this lack of correlation was
due to amix of factors. poor ingtitutiona performance in some less developed
economies, and afailure to account for internationd variation in educationa qudity.
Once we account for these factors, the evidence suggests returns to educeation thet are
consigent with micro-economic evidence on individud earnings. An increase of one
year of schooling in the average educationd attainment in the workforce, for example,
can be expected to increase the leve of output by around eight percent in atypicad OECD
country.

These are estimates of the level effects of education. A one-off increasein
attainment will produce a one-off rise (dbeit spread over time) in the level of GDP per
capita. Thereismounting evidence, however, that there are dso substantia dynamic or
growth effects, which are linked to a country’ s ability to implement new technologies.
This evidence suggests that Austrdliawould do well to increase its educationd levelsto
match the OECD leaders — the USA and Scandinavia

One of the concerns of current public debate is that the ageing of the Audtraian
population over the next fifty years will over-tax (literaly and metaphoricdly) the
working-age population. From the perspective of growth theory, however, there may not
be so much to fear. The ageing of the demographic structure is being driven by the
revolution in female education and workforce opportunities. For the generation born in
the 1930s, only onethird of girls and one haf of boys completed high school. For the
current generation, over seventy percent of boys and close to eighty percent of girlsare
completing Year 12. The padt fifty years have aso witnessed the end of legdly enforced
discrimination againgt women in the workforce — in the form of the marriage bar and
legdised wage discrimination.  These huge improvements in fema e education and
workforce opportunities have been mgor factorsin the fal in fertility, which isthe
driving force behind the changing age structure of the population.

The very factor thet is causing the ageing of the population, the revolution in
women'’ s educetion, gives us reason to expect continued strong growth.  The average
educationd attainment of the workforce will continue to rise for the next three decades as
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higtorical increasesin school enrolments work their way through the adult population.
Hence we can expect continued strong productivity growth, which will substantialy
offset the fiscal problems associated with an ageing population. These effects will be
enhanced should educationa enrolment continue to rise — particularly if the educationd
participation and achievement of Audrdid s young men rises to meet the levels of young
women.

The evidence on the benefits of innovation isclear. A wide range of sudiesfinds
that private rates of return on R&D expenditures are very high, and that socid rates of
return — taking account of intra-national spillovers of knowledge — are even higher. Even
though an open economy can benefit substantialy from research conducted oversess, the
magnitude of the returns to domestic R& D are such that amgjor increasein research
effort is caled for, especidly in the case of ardatively poor R&D performer like
Audrdia

We can summarise the potentia productivity benefits for Austraia of increased
investment in education and research by using relatively conservative benchmark
estimates, basad on the large number of studies that have been summarised in this paper.
Taking education first, an increase of 0.8 in the average years of schooling of the labour
force would take usto 11.4 years, the average of the levels of attainment in North
Americaand Scandinavia. The effect on the Austrdian economy would be an increase of
onethird of a percentage point in the annua growth rate — coming both through human
capital deepening and more rapid adoption of new technologies*

Turning to investment in R&D, it is probably unredligtic to suppose that Audrdia
could maich the research intensity of the world leaders such asthe USA or Germany.
Adopting amore redigtic role model, France, would require that an extra 0.6 percent of
GDP be devoted to R& D — taking our research intengity from 1.6 percent to 2.2 percent.
Using a conservative estimate of the social rate of return,*® theimpact on the Australian
economy would be an increase of one quarter of a percentage point in the annud rate of
productivity growth.

To sum up, positive progpects for continuing strong productivity growth will be
enhanced if we can emulate the higher rates of investment in knowledge — both in
education and in research and development — that we observe in the leading OECD
economies. An increasngly well-educated (albeit shrinking) workforce, operating in an
economy that continues to be open to trade in goods and ideas, will be well placed to
identify, introduce and manage the new technologies that will emerge over the next few
decades.

15 From Table 1, the conservative estimate of the level effect is 0.8 x 6% =0.048, which is equivaent to
0.0012 per year over forty years. From Table 2, aconsarvative estimate of dynamic efect is 0.8x0.003=
0.0024 per year. Thetwo effects sum to 0.0036, or 0.36 percentage points per year.

16 Assuming the socidl rate of return is 0.4, which is substantially below the estimates summarised in Table
3
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