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l. Accumul ation and Assim |l ation Theories of the Asian Mracle

Over the past thirty-five years Korea, Taiwan, China, Singapore, and Hong
Kong, have transforned thensel ves from technol ogi cally backwards and poor, to
relatively nodern and affluent econom es. Each has experienced nore than a
four fold increase of per capita incones. Each now has a significant
collection of firns producing technologically conplex products conpeting
effectively against rival firns based in the United States, Japan, and Europe.
The growth performance of these countries has vastly exceeded those of
virtually all other economes that had conparable productivities and incone
levels in 1960. On these grounds alone the question of "how they did it"
obviously is of enornous scientific and policy inportance.

It has been less well noted that their growh has been historically
unprecedented. The devel opnent of Japan in the half century after the Miji
restoration is widely regarded as conparable. However, Japan's per capita growh
rate over this period was less than half that of the Asian nics since 1960. O
course, growh rates in general were slower during this earlier period. But the
rate of catch up by the nics still is remarkable. It certainly woul d seem that
there is an "Asian Mracle" that cries out for explanation.

O course, economsts have not been blind to or wunattracted by the
chal | enge. Over the last decade a nunber of different theories have been put
forth purporting to explain the "Asian Mracle.” (Arsden 1989, Kimand Lau 1994,
Krugman 1994, Pack and Westphal 1986, Rodrik 1994, \Westphal Kimand Dahl man 1985,
Wrld Bank 1993, Young 1993). There is unaninity anong the different theories
regarding the identity of some of the key causal factors. Al of the Asian nics
have experienced rapid gromh of their physical capital stock. Al have been
mar ked by very high rates of investment in human capital. Virtually all theories
about "how they did it" place these investnments center stage in the explanation.

However, there are significant differences in the causal nechanisns
stressed. At the risk of doing some violence to the actual diversity, for our
purposes we find it useful to divide up theories of the Asian Mracle into two
groups. One group, which we will call "accumul ation"” theories, stresses the role
of these investnents in noving these economes "along their production
functions." The other group, which we wll call "assimlation" theories,
stresses the entrepreneurship, innovation and |earning that these econom es had
to go through before they could naster the new technol ogies they were adopting
from the nore advanced industrial nations; it sees investnment in hunman and



physical capital as a necessary, but far from sufficient, part of the
assimlation process.

The "accumul ati on" theory has been pushed hard over the past few years by
several econonmists, in a way clearly designed to strip away nost of the
"mracul ous” from the Asian mracle. What lies behind rapid devel opnent is,
sinply, very high investment rates. Econom sts who take this point of view do
not deny that adoption and mastering new technol ogy and other nodern practices
was an inportant part of the story. Rather, the position is that one should try
to explain as nuch as one can in ternms of investments that enabl e novenments al ong
a production function, and see if anything nmuch is left over, thus requiring
expl anation on other grounds. Several econonists who have followed this path
find that, according to their calculations, the lion's share of increased output
per worker can be expl ained sinply by increases in physical and human capital per
worker. Thus there is little need to assign much of the credit for the growh
"mracle" to entrepreneurship, innovation, or |earning, except insofar as these
are terns given to the shift to nmore capital and education intensive ways of
production. (See e.g. Young 1993, Kimand Lau 1994, Krugnman 1994).

To assimlation theorists, this point of view seens odd. The technol ogi es
that the nics came progressively to master during the 1970's and 1980's were ones
with which, in 1960, they had no experience at all. To learn to use them
effectively required the developnent of new sets of skills, new ways of
organi zing economc activity, and becoming famliar with and conpetent in new
mar ket s. To do this was far from a routine matter, but involved risk taking
entrepreneurship as well as good nmanagement. ( See e.g. Pack and Westphal 1986,
Dahl man 1994, Anmrsden 1989.) What nakes the Asian mracle mraculous is that
these countries did these things so well, while other countries were nuch |ess
successful . To be sure, adopting the technologies of the advanced countries
requi red, anong other things, high rates of investment in physical and human
capital, and the nics achieved these high rates. But to say that these
investments sinply enabled these econonies to "nmove along their production
functions" seens a strange use of |language. At the least, it poses the question
of just what is meant by "noving along a production function."

Are we drawing a distinction without a real difference? W do not think
so. The accunul ati on account stresses, sinply, investnents. The nessage is that
other countries could have done as well as the successful nics if they had nade
the sane investnent effort. If the nation nakes the investnents, narshals the
resources, developrment wll follow In contrast, the assimlation account



stresses learning about, risking to operate, and comng to master, technol ogies
and other practices that are new to the country, if not to the world. The
"marshalling of inputs" is part of the story, but the enphasis is on innovation
and learning, rather than on marshalling. Under this view, if when one marshal s
but does not innovate and | earn, devel opment does not foll ow

A convinced accurul ationi st mght respond by saying that, if one educates
the people, and provides them with nodern equipnment to work with, they wll
learn. An assinilationist mght respond that the Soviet Union, and the Eastern
European communi st economes, took exactly that point of view, nade the
investments, and didn't learn.' There is nothing autonatic about the | earning
busi ness. The response of the accunul ationist mght be that the old comruni st
countries provided an econom c environnment where there was no incentive to learn
to be efficient, either in a technological or an economc sense, much less to
i nnovat e. The assimlation theorist mght agree, but then propose that it is
important to understand, therefore, just how the successful nics did it. The
accumul ationi st would reply that they got the prices right and rmade the necessary
public investnents. Econom sts who stress entrepreneurship, innovation, and
learning would reply that it is not all that sinple, and point to countries |ike
Spai n that have had high investment rates, and have got nost of the prices right,
but which are growing at far lower rates than the Asian nics.

The difference between the theories shows up strikingly in the way they
treat the following four matters: what is involved in entrepreneurial decision
maki ng, the nature of technology, the economic capabilities lent by a well
educated work force, and the role that exporting played in these countries' rapid
devel opnent .

Accumul ationists pay little explicit attention to firns, seeing their
behavi or as being basically determined by the environnent - the incentives and
constraints - they face, which deternmines the actions that are nost profitable.
Assimlation theorists, on the other hand, see entrepreneurial firns, and their
ability to learn rapidly, as a critical factor behind the success of Korea and
Tai wan, China, with their behavior supported by their environnents, but only
partially determned by external forces. (See e.g. Hobday 1995, and Kim
forthcomng.) For an assinmlation theorist, at l|east our brand, when firns

! Easterly and Fischer, 1995 stress the low ex post elasticity of

substitution as an explanation of slow Soviet growh. This could also be
interpreted as reflecting insufficient effort to identify and master new
t echnol ogy.



contenplate venturing on to ground that is new for them the profitability of
such venturing is highly uncertain, in the sense of Knight. Some firm nmanagers
will dare to venture; others will choose to stick close to the famliar. Thus,
what firnms do is determined by the daring of their decision nmakers, as well as by
their environment. And whether an entrepreneurial effort wll succeed or fail
also is only partly determ ned by environmental factors. It depends, as well, on
the zeal and snarts and learning abilities of firm managenent and workers.

Part of the difference here resides in how the differ ent theories see
t echnol ogy. Accumul ationists seem to believe that the state of technol ogical
know edge at any time is largely codified in blueprints and associ ated docunents
and that, for a firmto adopt a technology that is new to it but not to the
world, primarily involves getting access to those blueprints. In contrast,
assimlationists argue that only a small portion of what one needs to know to
enploy a technology is codified in the form of blueprints; much of it is tacit
and learning is as nuch by doing and using as by reading and studying. (See e.g.
Nel son and Wnter 1982, and Rosenberg 1994.) More, while nmany econonists believe
that technology is defined in terns of engineering and physical science, in fact
the lines between the engineering aspects of technol ogy, and the organizational
aspects, are blurry, and controlling a technol ogy often involves know ng how to
manage a very conplex division of labor as nmuch as it involves knowi ng the
rel evant physics and chemstry.

Both of these differences show up in terns of howthe two theories go about
explaining the fact that the nics were able to increase greatly and rapidly their
capital -labor ratios (by mnmore than four fold over the thirty five years in
question) w thout experiencing a significant decline in the rate of return to
capital. The accumulationist is inclined to try to explain in terns of the
technol ogi cal alternatives that were available to firns in the nics. The ability
to hold off dimnishing returns is a reflection of the fact that the nics could
draw on a very extensive frontier of technologies that already were in use in
other countries. The richness of the frontier was nanifest in the fact that the
"elasticity of substitution"” was high.

The assimationist, on the other hand, would argue it is msleading and
inconpl ete analytically, to try to specify a set of technological possibilities
without considering the decision nakers' ability to search and see and
effectively take on board new technol ogy. That is, what the accunul ationi st
would explain in terns of the nature of the paraneters of a conventionally



defined production function, an assimlationist would explain in terns of
skil | ful entrepreneurship and | earning.

Along the sane lines, the two theories also differ regarding how they see
the effects of the rapidly rising education levels in these countries. For the
accumul ationist, rising human capital is treated sinply as an increase in the
quality or effectiveness of labor. Assimlationists, on the other hand, tend to
see the effects of sharply rising educational attainments, in particular the
creation by these countries of a growing cadre of reasonably well trained
engi neers and applied scientists, in ways simlar to that sketched out many years
ago by Nelson and Phel ps, 1966. Well educated managers, engineers, and workers
have a conparative advantage in seeing new opportunities and effectively |earning
new t hi ngs. Thus the growi ng human capital of the nics was a very inportant
support for successful entrepreneurship.

Note that the difference here nmirrors the difference regarding how to
interpret the high ex-post elasticity of substitution. The accunul ationist sees
both the ability to hold off dimnishing returns to capital and the high economc
returns to education in ternms of the paraneters of a conventionally defined
production function. The assimlationist sees both as manifestations of the
effective | earning that was goi ng on.

This same difference between the two theories al so shows up sharply in how
they treat the strong export performance of the nic manufacturing firns. The
accumul ationists tend to see the steep rise in manufacturing exports as just what
one woul d expect in econom es where the stocks of physical and human capital were
rising rapidly, and shifting conparative advantage towards the sectors that
enpl oyed these inputs intensively. From this perspective, there is nothing
noteworthy about the surge of manufacturing exports, save that it is evidence
that the economc policies of these countries |et comparative advantage work its
ways. In contrast, the assimlationists, while not denying that the nics were
building a conparative advantage in various fields of nanufacturing, tend to
hi ghlight the active efforts by government to induce, alnost force, firns to try
to export, and the entrepreneurship, innovation, and learning the firns had to do
in order to conpete effectively in world markets, even w th government support.

Econom sts of the assinilation school have argued that exporting stinul ated
and supported strong learning in two ways (VWestphal, Kim and Dahl nan, 1985, Pack
and Westphal 1986). First, being forced to conpete in world markets made the
managers and engineers in the firns pay close attention to world standards.
Second, much of the exporting involved contracting with American or Japanese



firns who both demanded hi gh performance and provi ded assistance to achieve it.
The story here clearly is different than one which sees the devel opment of these
new conpetencies as, sinply, the nmore or less automatic result of changing factor
availabilities which called theminto being.

VW have noted that the assimlationist's position, at l|least the one we
espouse, sees the high rates of investnent by the nics in physical and human
capital as a necessary, if not a sufficient, conponent of the assimlation
process. These high rates thenselves are renarkable, even if not mracul ous.
Under the argunent of the assimlationists, these investments were at |east
partially induced by, and sustained by, the rapid innovation and |earning that
was goi ng on.

Successful entrepreneurship in the nics certainly was facilitated by the
growing supply of well trained technical people. On the other hand, it was not
automatic that newly trained engineers would find work in entrepreneurial firns.
There had to be entrepreneurial firnms in which to work, or the opportunity to
found new ones. Thus in the nics aggressive entrepreneurship supported and
encouraged rapidly rising educational attainment, and served to nake these
i nvestments economcally productive. In contrast, in nany other countries
initially as poor as Korea and Taiwan, China, the narket for coll ege graduates was
al nmost excl usively the Governnent bureaucraci es, where their skills arguably made

little contribution to econom c devel oprent.

Successful production of new products alnost always required that firns
acquire new physical capital. There's no question that policies in these
countries encouraged saving. But on the other hand, what made saving and
i nvestment profitable was the strong and effective innovative performance of the
firns that were entering new |lines of business.

VW think it apparent that the two broad theories differ both in their
causal structures, and in the hints they give about "howto do it." The enphasis
of the accumul ationists is on getting investnent rates up and the prices right.
The nessage of the assimlation theorists is that successful industrial
devel opnent requires innovation and learning to master nodern technol ogies;
effective innovation and | earning depend on investnments, and a market environnent
that presses for efficient allocations, but it involves nuch nore. And, indeed
to a considerable extent, the investments needed are induced by successful
ent r epr eneur shi p.

Section Il considers the argunent that careful attention to the nunbers and
rigorous calculation supports the accumul ationist theory, and there is little
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evidence that innovation and |earning played much of a role. W argue that the
commonly used calculations do not do what their proponents claim In Section
11, we propose a different way for discrimnating between a change in output
acconpani ed by changes in inputs that can be considered sinply "a novenent al ong
the production function,” and a change that seens to involve innovation and
| ear ni ng. In the light of the argument we develop there, in section IV we
consider the evidence. W propose that that evidence strongly supports the
assimlationist's case. Section V considers in what ways the differences between
the two theories natter.

. Why the Standard Cal culations in Fact Don't Discrimnate

The case put forward by its proponents for the accumul ationist theory is
based on calculations of two sorts. Ohe is a growh accounting. The ot her
involves fitting a dynam c production function. In both nethods the strategy
is, basically, to try to calculate the effect of input growh on output growh,
hol di ng the "production function"” constant, and see (under growth accounting) if
anything much is left over as a "residual,” or (under production function
fitting) whether the passage of time itself seens to contribute to output growth
over and above what is explained by input growth over tine. W argue here that,
contrary to wi despread views in economcs, neither kind of calculation can
separate out growh that "would have occurred w thout technical advance" from
grow h that involved techni cal advance.

It often is not recognized adequately that the sinmple logic of growh
accounting is only applicable to the analysis of small changes in inputs and
outputs. (See e.g. Nelson 1973.) The procedure basically involves making
estimates of the marginal productivities (or output partial elasticities) of the
various inputs that have changed and, in effect, using these to calculate the
contribution of input expansion to output growh by using a first order Taylor
seri es. However, in the case of the Asian tigers the investnents whose
contribution to growh is being estinated have been cumulatively very |arge.
Wiile repressed by the format of growh accounting, which usually sets up the
calculations in terns of average yearly changes, and thus makes the changes
appear relatively small, in the countries in question capital per worker
increased nore than four times over the past three decades, and years of average
educational attainnent al so increased greatly.

The cal culations in standard growth accounting take marginal productiviti es
as estinmated by factor prices (or output elasticities as estimated by factor



shares) as exogenous. However, under the assunptions of neocl assical production
function theory (which lie behind the growh accounting logic), large finite
changes in inputs can lead to large finite changes in marginal productivities.
Table 1 shows, for a CES production function, what happens to the share of
capital, initially at .3, for different proportional increases in the capital-
| abor ratio, for different elasticities of substitution. Note that for snall
increases, capital's share does not change very nmuch, regardless of the
elasticity of substitution. For |arge changes, however, the elasticity of
substitution nmakes a huge difference in terns of what happens to capital's share.
For exanple, 300% increase in the capital labor ratio and an elasticity of
substitution of .2 inplies a decline in the capital share from.30 to .0017.

VW know that, in the countries in question, despite the large changes in
their quantities, the rates of return on physical capital and on education stayed
high. Indeed, capital's share of output certainly didn't fall nuch and nay have
i ncreased. VW noted earlier that one explanation is that technologically
determned elasticities of substitution, in the sense of standard production
function theory, were quite high, and thus significant increases in these inputs
relative to others had only a nodest effect on marginal productivities as the
econony noved along its ex-ante production function. Under this explanation a
good share of output increase indeed would have occurred without any technical
advance. This seenms to be the inplicit argunent of the proponents of the
accumul ation theory. However, another explanation is that the elasticities of
substitution, defined in the standard way, were quite low, and that only the
rapi d taking on board of new technol ogi es prevented the sharp di m ni shing returns
and falling partial output elasticities for the factors that increased nost that
one would have observed had these econom es stayed on the production functions
that existed at the start of the devel opnent traverse.

Consider the latter explanation, which we believe is the correct one.

Under it, innovation and rapid |learning are driving grow h. However, a growh
accounting of a standard sort mght show a very small residual, or even a
negative one. The factor shares of the nmore rapidly growing factors - physical
and human capital - would be and woul d remain high, as a consequence of the rapid
learning that nade their continued expansion productive. Rapid factor
accumul ation was not an exogenous phenonenon but a response to high private
profitability. A growth accounting mght "attribute"” the lion's share of output
gromwh to input grow h. There would be little left to explain in terns of
innovation and learning, despite the fact that these are the basic factors
driving grow h.



The use by sone scholars of the Tornqvist index for the weights applied to
i nput increases represents acknow edgenment that, if one is interested in the
i mpact on output of finite changes of inputs along a production function, output
elasticities can change along the way. But the use of such an index (as by
Young, 1995) does not deal with the problem highlighted here. The index uses
actual shares for each year throughout the period. But the actual shares at the
end of the period can be, and in the case in question alnost surely were,
affected by the technol ogi cal changes that occurred over the period. In general
they are not what the shares woul d have been at the new input quantities had the
production function stayed constant over the traverse. As shown in Table 1, the
evol ution of shares depend on the value of the elasticity of substitution and the
magni tude of the increase in the capital-labor ratio. A so, while not shown in
Table 1, they al so depend on technical change itself. It is thus inappropriate
to use the observed factor shares as weights since they assune sonething one
is trying to estimte, namely, TFP growth. ?

VW want to underline this point because nany econonists seem to believe
that the absence of a large residual in a growh accounting is strong evidence
that the lion's share of growh was due to novenents along a prevailing
producti on function. This is just not so if the input changes involved are
large. Gowth accounting alone cannot tell whether the relevant elasticities of
substitution were large or small, and thus cannot distinguish between the two

2 The fol | owi ng equations can be derived for the rate of change of factor

shares for a general production function, Q = f(K, nL) in terns of the initial
share of capital, a, the elasticity substitution, s, and the rate of Harrod-

neutral, |abor augrenting technical change, m

S =1[(1-a)(1- s )/s] (m- k) (1)

S =[a)(1- s)/s] (K- m (2)

Equations (1) and (2) show that the factor shares utilized in Tornqvist
calculations will be affected by both technical change, in this case |Iabor
augrmenting, and changes in capital-intensity. The inpact will be smaller the

greater s and m In estinating the Tornqvist index of inputs,

T=S [1/2(S,: - St (Inxi¢ - In X)), (3).

The S are taken to be exogenous and, assuming conpetitive input nmarkets, (3)

measures the contribution of inputs x; to output. T is then substracted
fromthe log difference in output to obtain the desired neasure of TFP growt h.
But the S ; are not in fact exogenous but are thenselves affected by

techni cal change as shown in (1) and (2).
10



stories sketched above about the sources of growth. There is an "identification"
probl em

One mght think that the fitting of a dynam c production function can avoid
this logical limtation of growth accounting, when input changes are |arge and
finite. However, in practice the identification problem cannot be resolved this
way.

The basic issue in question is how much of experienced growth of output per
wor ker can be ascribed sinply to the | arge experienced increases in physical and
human capital per worker that were achieved over the period between 1960 and
1995, and wthout recourse to the argument that the production function
"shifted". Let us focus on the growth of physical capital. Table 2 shows, for a
CES production function, the increase in output per worker that would be
generated for different increases in the capital-labor ratio, and for different
values of the elasticity of substitution. As with our earlier analysis of what
happens to capital's share, for large changes in the capital labor ratio, the
elasticity of substitution matters, a |lot.

Consider then the two "explanations," depicted in Figure I, for a large
increase in output per worker, between time one and tine two, associated with a
large increase in capital per worker. In the explanation on the left hand side,
in which the elasticity of substitution is assumed |arge, nuch of experienced
| abor productivity increase would have occurred even had the econony stayed on
its production function of period one (the dotted curve). The way the production
function is drawn depicts only weak dimnishing returns to increasing capital
intensity. The firmor econony in question is presuned to know, at tine one, how
to operate effectively at rmuch higher capital intensities than were enployed
then, but chooses not to do so because prevailing factor prices nade it nore
profitable to operate at |low capital intensity. Between tine one and tine two,
factor availabilities changed.

In contrast, in the explanation on the right hand side, experienced
productivity growh is alnost totally the result of the establishment of a new
production function (the solid curve) in that very little productivity growh
woul d have occurred had the econony remained on its old production function.
Under this explanatory story, at time one the firm or econony in question knew
very little about how to operate effectively at significantly higher capital
intensities. (The elasticity of substitution that would have obtained if the
firmhad been linted to operating technologies it knew initially was very |ow)
To have increased capital per worker without |earning about and learning to use

11



new t echni ques woul d very quickly have led to | ow or zero narginal returns. Thus
the econony, in order to deal productively with the changed factor price regime
of period two, had to do a lot of "learning," or "innovating," and in fact it
di d.

Both explanations fit the data at time one and two. The "levels" and the
"sl opes” of the old production functions are the same at tine one, and the |evels
and sl opes of the new production functions are the same at tine two. This point
was highlighted by D anond, MFadden, and Rodriguez (1971), and Nel son (1973),
over twenty years ago. It seens to have been forgotten

When one "fits" a dynamc production function statistically (through nmany
not just two points and slopes), how does one discrimnate between these two
expl anations? (Cbviously one needs to place sone restrictions on the formfitted,
for exanple, that the rate and direction of "technical advance" be constants over
the period, or that the underlying production function always have a particul ar
"kind of general shape." Mst of the econonetric exercises we are concerned with
here have inposed relatively |loose restrictions, although sufficient to enable a
best fitting equation to be calculated. However, even if an equation that | ooks
like the left hand side explanation wins the "maxi mum |ikelihood" contest (as in
Kimand Lau, 1994), if the constraints on functional formare relatively |oose it
is a good bet that an equation that |ooks |ike the right hand side explanation is
not very far behind. Standard regression techniques of the sort that have been
enpl oyed do not enable confident acceptance of one explanation and rejection of
t he ot her.

The graphs drawn in Figure 1 are in fact regressions estimated from the
actual data for Korea's manufacturing sector for the years 1962-91. The dynamc
production function fitted to the data is a standard CES, with two inputs-capital
and labor- and constant returns to scale. To keep the analysis sinple and
transparent we constrai ned technol ogi cal advance to be neutral and constant over
the period in question. The key paraneters to be estimated are r, the rate of
t echnol ogi cal progress, and e, the elasticity of substitution

In the left hand figure we forced e to be large, .9. Since gromh of K/'L
then "explains" a lot of the growmh of QL, the estimated rate of technol ogica
change, r, came out |low, .016. For regression runs in which we set e as greater
than one, the estimated rate of technol ogical change was even smaller. In any
case, once the analyst built in a term accounting for the effects of rising
educational attainments, there would be little room for "technol ogi cal advance"
in the explanation for econom c grow h. In the right hand figure we constrained
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e to be low .2. Since under this constraint the growh of K/ L cannot "explain"
much of the growth of QL, the estinmated rate of technol ogical progress, r, cane
out high, .045. Wile growing human capital can cut down on this figure, taking
this factor into account is unlikely to make the rate of estimated technol ogi ca
progress trivial.

Both of these regressions, and one in which all paranmeters were chosen by
| east squares, yield values of R? of around .98, leaving little to choose anong
the regressions on a statistical basis. Again, we want to underline the point.
The fact that the best fit of a dynamc function provides an explanation for
gromth in which technol ogical advance plays a small role, and input growth
accounts for the lion's share of growh, does not itself provide strong evidence
agai nst the argunent that, in fact, growth would have been far less if there had
not been significant technol ogi cal advance. Only the inposition of particular
constraints on the dynam c production function enables econonetric technique to
choose between the explanation on the left had side and the right hand side of
Figure 1. These constraints are basically arbitrary. And the inposition of
sonewhat different ones can change radically the estimated contribution of
techni cal advance in the attribution

The authors in question certainly have been careful with their data, and
in the use of their methods. The problemis that the nethods enpl oyed just don't
do the job they are thought to do. Nor, at this stage of our argunent, are we
i ntroduci ng "new data", although we agree that the issue is an enpirical one.

Bef ore consi dering new evidence, it would seeminportant to do somne rethinking of
the kind of data that would discrimnate between growth where entrepreneurship,
i nnovati on, and | earning were central, and growh where they were not.

1. Back to Basics

How is one to decide between two different explanations, each broadly
conpatible with the macroeconom c data, when one stresses "novenents along a
production function" and the other enphasizes "entrepreneurship, innovation, and
learning"? W propose that to get an enpirical answer requires that one first
ask some conceptual questions. Wat mght one nean when one says that an
observed change in inputs and outputs sinply reflected a nmove al ong a production
function? What mght one nean if one argued it was not that sinple, but that
entrepreneurship and innovation in fact were involved? |If we agreed on answers
to these conceptual questions we mght be able to agree on what kind of enpirica
evi dence woul d be rel evant.
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Regardi ng what we econom sts seemto mean by "a nove along the production
function,"” reflect on the sinple treatment in undergraduate m croeconom cs texts.
The production function, there, is said to be the "efficiency frontier" of the
"production set" - the set of all input-output conbinations a firm can choose
among. One way of explaining the set to students is to say that a firm"knows" a
certain set of production techniques or activities, and the production set is
generated by different levels and mxes of those activities that a firm m ght
choose. In any case, the firmis viewed as both "know ng about"” each of the
alternatives, and "knowi ng how' to do whatever is associated wth achieving the
i nput - out put vector associated wi th each

The verbal articulation may admt that there m ght be nodest "set-up" costs
associ ated with marshalling and organizing to shift operations to a point within
the set that is different fromwhat the firmcurrently is doing, and that some
adj ustnents (another form of set-up cost) mght be required to get the new choice
operating snoothly, although these shift costs are generally repressed in the
formal nodeling. However, it seens inconsistent with the "operating within the
production set" idea if the set up costs for shifting to a new point involved
doing a lot of exploratory "search and study" to identify and get a better feel
for alternatives that, up to then, had been unfanmliar to the firm and the
"adjustnent” involved a lot of trial-error-try again |earning by doing and using.
At least it would seeminconsistent if the results of searching and | earning were
hi ghly uncertain, both to the firmex ante, and to an econom st trying to predict
what the results would be.

O course, a plausible interpretation of the production set idea mght
admt a certain anount of statistical uncertainty regarding inputs and outputs,
particularly if there were unknowable outside forces, Ilike the amount of
rainfall, that bear on the process. But if the decision maker in question has
only very rough ideas about the consequences of trying to do something, and
initially about howto do it, that sonmething does not seemto be an activity that
can be regarded as within the unit's production choice set. The production set
of a firmwould appear to be linited at any tinme to those things the firm knows
about and knows how to do, with good confidence and skill. O at least that is
how econonmists inplicitly define the concept.

On the other hand, a nove that involves a lot of study of initially hazy
alternatives, or research and devel opnent where even the nature of the outcone is
not clear in advance, would, according to these criteria, be regarded as a
"technol ogi cal " change or "innovation” for the firmin question. W do not see
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how such a nove possibly can be regarded as one "along a prevailing production
function," if econom sts adhere to what they teach about the neaning of choice
sets.

VW call attention to the fact that, under the way we are proposing the
distinction be drawn, a firms production set in principle could be very
ext ensi ve. I ndeed, nuch of what sone versions of the new neocl assical growh
theory treat as "technol ogi cal advance" would, under the principles suggested
here, be regarded as noves along a firms prevailing production function. In
these nodels (see e.g. Romer, 1990) investnents in R & D are strictly up-front
costs required to nake a product or technique operational. But in these nodels
(if not in fact) R & Dis strictly a set up cost to nmake an activity the firm
al ways knew about available for use. There are no Knightian uncertainties
i nvol ved.

However, once we get away from particul ar abstract nodels, nobst e conom sts
who have studied the processes enpirically understand that the introduction to
the econony of products or processes significantly different from any enpl oyed
before does not look like a move "along a prevailing production function.” It
is well docunmented enpirically that, while theoretical engineering calculations
at any time enconpass a w de range of techniques not yet brought to practice, the
bringing to practice of new technology invariably involves "up front" research
and devel opment costs, wth Knightian uncertainties at least early in the
process. (See e.g. Nelson and Wnter, 1982, and Rosenberg, 1994). Wile R and D
can resol ve sonme of these uncertainties, there are uncertainties in the R and D
process itself. Further, even after R and D, there alnost always are "bugs" at
the start of operation, and it usually takes some tinme before the operation is
really got wunder control. In many cases the attenpts at innovating prove
unprofitable, and need to be abandoned, or radically revised.

O course, in this paper we are dealing with the adoption of technol ogies
that, while new to the firmor country, are not new to the world. The issue,
then, is whether such changes in the behavior and performance of firns in the
nics can meani ngful ly be explained as changed choices within |argely unchangi ng
choi ce sets.

The accumul ationists clearly have in mnd that, if a technology is in
effective use in one country, there are ways that firnms in other countries can
use to take aboard that technology at relatively low cost, and without
significant uncertainties regarding the outcone of their efforts. Quite often
detail ed descriptions are available. (ne can hire consultants who are fanliar
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with the practices involved. In many cases one can get assistance fromthe firns
who are operating the technol ogy, although some |icense fees may be required.

The assimlationist, in contrast, is skeptical about easy "technol ogy
transfer”. To be sure, for many of the technologies that the firns in the nics
adopted there were available engineering texts and articles and the like. Blue
prints and specific handbooks often could be obtained. There are lots of
consultants for hire.

However, the assimlationist would stress that such a nove invariably
involves not only "up front" costs of identifying, |earning about, and |earning
to master the technique in question, but also significant uncertainties. The
range of options is hazy. Things often do not work out as expected. Consultants
sel dom can guarantee success. Inevitably there is a lot of |earning by doing and
using. The costs, and the uncertainties, are greater the farther the technique
bei ng adopted is fromthose the firmactually has enployed. In nany cases najor
changes in firm organization nay be required. The firm nay need to learn to
sense new narkets. Firns attenpting these changes can and often do fail. Those
that succeed do so because they successfully learn to do things they sinply could
not do before. That is, they succeed by expanding their production sets.

IV What Does the Evidence Indicate ?

VW can return now to the question of what kind of evidence one woul d need
to determ ne whether an observed change was within a prevailing capability or
choice set, or required an expansion of the set of things the organizations in
questi on knew how to do. The prior section argued that the standard data and
techni ques for deciding sinply do not do the job. W propose here that the kind
of evidence that can be nost persuasive involves exanm nation of process, not
sinply tine paths of inputs and outputs, and that such data are to be found at a
quite low |l evel of aggregation

However, we believe that, if one has the issues that divide the theories
firmy in mnd, aat |east sone relevant evidence can be gleaned from nore
aggregate statistical anal ysi s. Thus we have proposed that, for an
accumul ationist, the relationship between a country’s growh of output per worker
and its investnents per worker is determined by the set of technologica
alternatives "out there", which define its available production function. There
would seemto be a presunption that this production function is the sane for al
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countries, or at l|least some argument is needed if one is to propose that it is
not. On the other hand, for an assimlationist, the relationship is determned,
to a considerable degree, by the skill of the firns in a nation in searching and
learning, capabilities that certainly can differ widely across nations. For an
accumul ationist, any significant variation among countries from a fitted cross
country "production function" is sonething of a bother, and a puzzle to be
explained. But an assimlationist would expect to find considerable variation.
Further, the assimlationist's argument regarding Korea and Taiwan, China would
inply that these countries achieved a significantly greater increase in output
per worker than nost other countries with conparable initial conditions, and
conpar ably high investnent rates.

Mich of the analysis of the perfornmance of the Asian countries has
enphasi zed the absolute performance of the countries thensel ves, particularly as
nmeasured by total factor productivity growh and factor accunulation. To derive
nmeasures of performance or to interpret such neasures, strong assunptions, which
we have questioned, are nade about the production function. Another measure of
performance which is eclectic rather than based on a specific production
theoretic base is the estimation of cross country regressions of the type used by
Barro, 1991, and Mankiw, Roner,and Wil, 1992, * which pernit conparison of a
given country’'s performance relative to other nations. To see whether the
performance of the two countries of (greatest interest, here Korea and
Taiwan,China, is wunusual, we enploy the followng estimated cross country
regression equation to explain differences in international rates of growh of
GDP per capita,

GDPG = -.0046 -.0308RGDP60 +.0296P60 -.0526GPOP + . 0639i (1)

where GDPG is the growh rate of per capita @P, REDP60 is (P relative to the
US in 1960, P60 is primary school enrollment in 1960 as a percentage of the

® These regressions were developed to test whether the standard Sol ow Swan

neocl assi cal nodel can explain cross country performance better than endogenous
growh nodels. However, these nodels do not invoke strong assunptions about
techni cal change and factor market pricing that is necessary in estimating TFP
gromth within a country over time. For a useful evaluation of this literature see
Cofts, 1991.

* This equation is found in Pack and Page (1994). For a review of much of the

literature see Levine and Renelt, 1992.
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rel evant age group, GPCOP is the growh rate of the popul ati on from 1960-85, and i
is the average investent/CDP ratio in 1960-85. The variable i is a proxy measure
for the rate of growth of the capital stock, K" = DK/K = iGDP/K. Even if there is
substantial variation in initial capital-output ratios, GDP/K differences in the
value of i over 25 years wll outweigh such dispersion and yield a good
approxi mation to K.

Figure 2 graphs actual mnus predicted GDP growth per capita against i for
countries in our sanple that had high investnment rates, i > 20 percent. As can be
seen there is an insignificant negative relation between i and actual mnus

predicted growh. But among the high investment countries, the Asian nics, and
Korea and Taiwan, China in particular stand out as unusual performers, even after
adjusting for the other variables on the right hand side of (1) including the
potential benefits of being |aggards. Table 3 shows the actual mnus predicted
growth rates of a nunber of countries with very high values of i. Conpared with
nations such as Greece, Portugal, and Spain, Korea and Taiwan, China have unusual
performance. It is clear that high physical investment ratios and initial
conditions that are thought to be conducive to growh are not sufficient, alone,
to explain the Korean or Tai wanese cases.

There is a large literature which adds additional variables to those
included in equation 1 including sone neasuring nacroeconom c nanagenent, export
orientation, and so on. Wiile such variables are of interest, they do not provide
information about the nature of the production performance or the basis of
success of economes in absorbing large quantitities of factor inputs while
others obtained |ow returns. Qur contention is that a critical elenment was the
technol ogi cal efforts of firms in Korea and Taiwan, China which allowed them to
successfully initiate new industries and absorb new equiprent. Wile other
countries with high 1/G@P ratios could purchase machi nery which gave them the
potential to inprove their productivity, this could only be successful when it
was conbined with donestic effort to absorb the new technol ogy. Mreover, nuch of
the successful absorption effort is not attributable to fornal and neasureable R
& D but efforts of firns to |earn about new opportunities, inprove organization
and inventory managenent, and undertake mnor but cumnulatively significant
changes in the production process. Wile proxies for such activity could be
introduced in cross country estimates, their construction is tenuous and woul d
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lead to fal se concreteness. °On the other hand, case studies which are considered
later, despite the difficulty of generalization, are suggestive and provide
important insights into the origins of the exceptional growh shown in Figure 2
and Table 3.

A major problemw th highly aggregated economc data is that it masks the
magni tude and even the nature of the allocational changes going on. Thus,
earlier we noted that in the 1990's Korean and Tai wanese nmanufacturing firms were
heavily engaged in producing products that in the 1960's they were not producing
at all. This is strikingly illustrated by Table 4 for Taiwan,China. 1In
particul ar, note Taiwan's production of electronic goods, which by the |ate 1980s
were accounting for roughly 21 percent of Taiwanese manufacturing exports. In
1960 virtually no el ectronics goods were produced in Taiwan, China. In both Korea
and Taiwan,China, a considerable amount of the know edge canme from CECD
purchasers of exports (Wstphal, Kim Dahlman 1985, Hou and San, 1993). The
transfer of such information to local firns by inporters desiring |ower cost,
higher quality products is an inportant feature of Korean and Taiwanese
experi ence. But as Hobday (1995), Kim (forthcom ng), Pack and Westphal, (1997)
and others report in their detailed firm histories, sumrarized below, this
information was only the initial foundation upon which firms then built their
technol ogi cal capacity, first learning rudinentary processing, then inproving
their productivity in small ways, then engaging in innovations in process
engi neering and product design. Wile sone of the foundations were acquired from
inmporters, the structure was mainly constructed through intense efforts on the
part of firns.

At a slightly higher level of aggregation the rapid sectoral transformation
in both Korea and Taiwan,China is shown in Table 5. Labor intensive,
technol ogically sinple sectors such as food processing, textiles, and clothing
experienced a relative decline while capital and technology intensive sectors
such as chemcals, netal products, machinery, and electronics expanded. It is
difficult to articulate what it would mean to say that capital and |abor were
allocated to these sectors and were routinely incorporated in an existing well
under st ood production function. To the contrary, there was a wi despread
perception in both countries that the technol ogi cal conpetence of firns initially
was insufficient to undertake efficient expansion in the newer sectors. In a nore

® For cautions, usually disregarded, about data reliability, see Heston and

Summers, 1991.
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formal way, the appendix sets out a nodel which describes a growh pattern in
which “craft” firnms with lower profitability decline in relative inportance while
“advanced” firnms expand. The two sets of firns have different production
paraneters and the aggregate process of growh which nmmcs that of a
neocl assi cal process cannot be described as a novenment along an international
production function

Wthin such a world the allocation of activity within the nanufacturing
sector alnost certainly would be associated with considerable turnover of firns,
with firms going out of business in the declining sectors, and new firnms entering
the expanding fields. Such a change in the allocation of activity within the
manufacturing sector alnmost certainly would be associated with considerable
turnover of firns, with firns going out of business in the declining sectors, and
new firns entering the expanding fields. And within the expandi ng areas one woul d
expect to see a certain anount of turnover as sone firns try and fail while
others succeed. Unfortunately, we do not have the firm turnover data that is
directly relevant to the phenonena we are characteri zi ng.

However, there are data on the nunber of firnms of different sizes in Korea
and Taiwan, China for several years, and a summary of these data is presented in
Table 6. The pattern is roughly what one would expect under the
assimlationist's story. There has been a striking decline in the nunber of very
small firns, nost of which very likely were locked into old technol ogi es and
produci ng traditional products, and a sharp rise in the nunber of mddle size or
larger firns; we conjecture that a large share of these were new firns entering
the new product fields or older firns that succeeded in taking on board nodern
t echnol ogy. In the early 1970s the productivity of these larger firns was
strikingly higher than that of the small firns that, according to the story we
are proposing, they were repl aci ng.

However, to get at the details of what was going on would seemto require
studyi ng individual firnmns. Only by studying firns can one see just what was
i nvol ved when they cane to nmaster new technol ogies and |earn what was needed to
operate in new product fields. As noted above there have been a |arge nunber of
detailed studies of Taiwanese and Korean manufacturing firns, tracing t he
sources of the firms' rapidly growing range of manufacturing competencies. Wile
a skeptic may argue these are anecdotal, the evidence from several hundred firm
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interviews can be regarded as no less conpelling than the inperfect aggregate
data which are enployed to argue that there was limted technical change

For exanple, a typical description of the production processes in the
Korean engineering industries in the md to late 1970s is enlightening. As
shown in Table 5, this sector grew enormously during the last three decades
and becane Korea's l|largest single sector. Yet as late as 1977, its production
processes were described as exceptionally backward not primarily in the type
of equipnment utilized but in the organization of production. The foll ow ng
observations were given by a group of engineers and econom sts describing
Korean machi ne producing plants as of 1977, fifteen years after Korea's mgjor
effort at industrialization had begun

The common pattern was one of machine placenent that is
haphazard rather than allowing for an orderly flow of work. Fl oor

space is very crowded and the operation of machining, fabrication of

conponents, assenbly of parts, are scattered in any place that

happens to have available room Too much tine is spent finding

work, or the next job, or material. |In sone cases the nmen have to

find their own area in which to work, perhaps nake up some form of

fixtures of their own, or find the neans to obtain |evels or

nmeasurenents to work from  The alnost universal characteristic is

one of congestion and a mxing of operations that frequently |eads

to deterioration of quality because of inproper floor planning.

There is no adequate provision for working space around the nmain

machi nes and the aisleways that are nornmally used to carry the flow
of work are conpletely congested with work-in process.

Yet fifteen years later these plants were producing high quality machine
tools for export. The deficiencies described were anenable to inprovenents
through learning better practice and significant reorganization Wile it is
possible to nake such learning tautologically equal to noving along an
i nternational production function, it was costly, the results uncertain, and it
took place over nany years, suggesting a nuch nore conplex phenonenon, not
replicated in many other countries in which capital accurul ati on was rapid.

The firm histories provide details of a conplex interactive process in
which CECD inporters furnished some know edge of production engineering to
facilitate production in low cost firnms. As these firns inproved their cost and
quality structure, the inporters provided specifications for new products which

" The World Bank, 1979. Wiile the production processs described could be
interpreted as a cost mninizing response to the relative cost of |abor and
space, the engineers observed that the sane anount of space could have been
reorgani zed in order to achieve a much better flow
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the local firnms manufactured as original equipnent manufacturers (CEM. To
maintain their contracts they were forced to constantly reduce cost through
improving productivity. The OEM process thus provided a strong |earning
environnent in which firns not able to continue to neet quality and cost
specifications in short term opportunistic relationships could easily lose their
markets. To quote from a case study of an internationally known Taiwanese
conput er peripherals supplier:
Foreign buyers are an inportant source of technol ogical
enhancenent. Their rigorous specifications are seen as a challenge
for the firm to neet. Equipped with different viewpoints and
accumul ated experience, they criticize a lot and suggest other ways

of doing things. A though they do not provide exact blue prints,
their suggestions are invaluable in upgrading the technol ogy |evel

of the firm Still, our own R & D is the nost inportant source of
technol ogy. Wthout this capability, the firmwuld not be able to
evaluate research proposals, technology contracts, |icenses, or

buyers’ suggestions. (Pack, Wang, and \Westphal, 1996)

Thus, while sone know edge was readily obtained fromthe rest of the world,
as the accumul ationists correctly argue, this viewis a partial one. Rather the
transfers provi ded the skel eton upon which the flesh of major industrial prowess
was built. Firm histories suggest that when transfers did occur, they were
followed by internal learning and innovative efforts. The R & D figures and
patent statistics shown in Table 7 for Taiwan, China provide one neasure of the
large formal donestic research effort which built upon inported know edge.
Between 1981 and 1991 the nunber of patents granted to Taiwanese nationals
quadrupl ed, being roughly equal to foreign patents in 1991. Simlarly, formal R &
D spending increased from .5 to 2 percent of GDP. Mreover, formal R & D is
likely to constitute a mnor part of domestic technol ogical effort.

Ansden (1989) provides a history of a Korean textile firms learning. It
comrenced production in 1963 and nost of the additions to the plant occurred
before 1977. The nachinery was purchased from Belgium England, Japan, and
Cermany and the firm received technical assistance from its suppliers. Labor
productivity shown in Table 8 inproved substantially between 1977 and 1986 with
basi cal | y unchanged quantities of nachinery in both spinning and weavi ng. Qutput
per unit of equipnent inproved as well in spinning and was roughly constant in
weaving. The firm enployed a large group of textile engineers to achieve this
i nprovenment in productivity. Two observati ons based on the data in Table 8 are
rel evant for our purposes. First, there was a steady increase in output per unit
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of |labor after the equipnment was installed and this is explicitly attributable to
the firms effort to inprove its performance. Second, the last row in the table
shows the output per unit of input relative to international best practice in
British plants. Twenty five years after its establishnent and after a
considerable period of learning, the firm was still not operating at
international best practice, a result hardly consistent with the view that firns
in the NNGCs noved al ong an international production function.

The second exanple, also provided by Ansden, concerns the Pohang Iron and
Steel Conpany, generally known as POSCO A though it initiated production with
i mported equi pment and with consi derabl e techni cal assistance fromabroad, it too
engaged in intensive internal effort to augment its productivity. It did not
sinply nove instantaneously to international productivity |evels.

To inprove the performance of each piece of equipnent, PGCSCO
provided training to its workers. ... Between 1968 and 1979 traini ng
courses of one form or another involved roughly 61,4000 workers.
Approxi mately 4,200 people were trained outside the conpany, 1,513
overseas. In 1984 alone, 9,900 workers had received training, some
1,000 of them in conputer applications. POSCO al so runs technical
training schools in the town of Pohang, and in 1984 established an

engineering college that it hopes will evolve along the lines of
MT. (Ansden, 1989, pp. 305-306.

Wiile the inproved general level of education for the labor force was a
precondition for such training to be productive, it is no guarantor of such
effort by firns. Case studies in other countries of firms with relatively high
| evel s of educated |abor do not uncover such evidence of systematic training. ®

For our purposes, one of the nost interesting set of firmstudies are those
undertaken by Mchael Hobday (1995) of Korean and Taiwanese electronics
conpani es. Hobday describes in detail how these firns started out, wusually
produci ng quite sinple products, and then progressively noved on to nmore conpl ex
ones. In nost of the cases he studied, these new conplex products first were
made to order for their foreign custoners who, in the early stages, provided
detail ed engineering instructions and assistance. Q@ adual | y, however, many of
these conmpanies cane to be able to do their own design work. In a nunber of
cases, recently they have nmoved on to sell wunder their own brand I abel.
Throughout the history of these firns, one can see themactively working to |learn
to do the things they were doing better, and to be able to do nore sophisticated

8 See, for exanple, the detailed firmstudies in Indiain Lall, 1987.
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and profitable things. In the early stages, this learning involved reverse
engi neeri ng. As the conpanies began to do their own design work, this
engineering effort began to be counted as research and devel opnent. He
summarizes 55 firm case studies in Hong Kong, Korea, Singapore and Tai wan, Chi na
as foll ows:

East Asian latecomers did not |eapfrog from one vintage of
technology to another. On the contrary, the evidence shows that
firne engaged in a painstaking and cumulative process of
technol ogical learning: a hard slog rather than a l|eapfrog. The
route to advanced el ectronics and infornmation technol ogy was through

a long difficult | earning process, driven by the manufacture of
el ectroni cs goods for export. (p. 1188).

Linsu Kim (forthcomng) provides a set of analyses of Korean firns, in
several different industries, that show much the sanme phenonena as does Hobday's
study. The firns started out using relatively unsophisticated technol ogi es and
| earned, over the years, progressively to master nore sophisticated ones. By the
1990s nmany of these firnms were approaching the technological frontier. But the
pat hs they took were not sinple, and success never was guar ant eed.

The story about the devel opnent of Korean and Taiwanese firnms told by
Ansden, Hobday, and Kim is strikingly simlar to that told by Qdagiri and Coto
(forthcomng) in their study of how Japanese industry |earned about and |earned
to master the technol ogies of the Wst in the years between the Meiji restoration
and the advent of Verld Var 11. They find that a major amount of searching,
exploring, trying, failing, and learning was required before Japanese firns
acquired proficiency in the western technol ogi es they were adopti ng and adapti ng.
The decisions of firm managers to get into the new ways involved nmajor
uncertainties. (Odagiri and Goto stress their "entrepreneurial” nature, and the
innovation and learning that were involved. Qur argurent is that Korean and
Tai wanese firms went through nuch the sanme process, half a century later.

To return to our basic analytic argunent, we do not think that the
industrial devel opment of Korea and Tai wan, Chi na since the 1950's, or of Japan a
hal f century earlier (see Saxonhouse, 1974) can be interpreted as "noving al ong
production functions,” at least if that term connotes changing choices within a
largely unchanging choice set. Ch the other hand, if the kind of
entrepreneurship, innovation, and learning on the part of firns revealed in the
case studies is considered as perfectly consistent with the notion of "noving
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al ong a production function,” we do not know what that concept woul d excl ude, and

hence it becomes meani ngl ess.

V. Do the Differences Matter, and If So, How?

The differences between the two theories would appear to matter for two
different reasons. The first is, sinply, regarding how one understands what
happened. What lies behind the Asian niracle? The second is that the two
theories mght inply somewhat different things regarding appropriate economc
devel opnent policy. Wat kinds of government policies are hel pful, and what are
the lessons for other countries?

It is apparent that, for many econonists, one of the strongest attractions
of the accunulation theory is that it is clean and sinple, and its basic outlines
conformwi th the general theory about economc activity that ones finds in nodern
econoni c text books. It is at once delightfully iconoclastic, and confortably
conservative, to take the mracul ous out of the Asian niracle by proposing that
it all was a sinple matter of noving along a production function. No appeal is
needed to the idea of entrepreneurship or innovation, the sources of which m ght
very well lie outside the effective province of neocl assical econonics.

It also is clear that a major source of resistance to the assimlation
theory is that it seens a conplex theory which raises as many questions as it
answers. This raises suspicions that the assimlation theory cannot be cleanly
f or nul at ed. It is a confort, therefore, that a sinpler, nore famliar theory
seens capable of providing all the explanation that is needed.

And yet, what is at odds intellectually may be only a small part of the
corpus of traditional economc theory. More, that particular part, which
proposes that production sets can be sharply defined, and that there is a clear
distinction between noving along the production function and having the
production function shift, came into econonics only a relatively short tine ago.
Perhaps these particular conceptions are not needed for nost standard econonic
argunents, and maybe they have been accepted too uncritically in any case.

A strong argunent can be made that the assinilationists' perspective is
quite consistent with an older set of ideas in economcs. The idea that economc
gromth can be explained by increases in the factors of production, and al so by
i mprovenents in their productivity, goes back at least as far as John Stuart
MI1. However, a striking feature of the earlier anal yses of economc growth, as
contrasted with the nmore contenporary treatnments, is that there was no conpul sion
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to separate sharply between the contributions of different sources of growh.
For Adam Smith, increases in the size of the market, invention of better ways of
performng a task, grow ng mechanization, and changi ng organi zati on of work, al
go together. They would seemto also do so in MII. The early post Wrld War |
growt h accountants, in particular Mses Abramowitz, also stressed the interaction
of technol ogi cal advance, growing physical capital intensity of production
increasing exploitation of scale economes, rising educational attainnments, and
changes in the organi zati on of production, as factors behind experi enced econom c
gromth. The question of which of these factors should be interpreted as noving
the econony along a production function and which should be regarded as shifting
it seems not to have been of major concern to these authors.

In Section Il we argued that standard techniques do not permt one to
separate sharply between novenents along and shifts in the production function.
Now we would like to argue that the very notion that one can make such sharp
splits, even in principle, may not be a useful theoretical prem se.

In particular, we would like to argue that "innovation"™ in practice is a
matter of degree, not kind, and that our growh theory ought to recognize this
explicitly. For any firmor organization at any time, there are sone activities
that are under practiced control, some that are not at present but seem easy to
| earn, others harder, others presently inpossible but perhaps with research and
experinentation achievable over the long run. The problem with now standard
production theory is that it does not recognize these continuities, but rather
presunmes a sharp cliff between the known and the unknown.

The case studies of firns, briefly discussed in Section 1V, show them
nmovi ng fromthe known, to the unknown, but cautiously, and drawi ng fromthe known
as much as they can. Yesterday's unknown becomes today's known, and the firns
venture further. An effective theory of what has been happening requires, we
bel i eve, abandonnment of the notion that production sets at any tinme are sharply
defined, and thus that there is a clear distinction between noving to another
per cei ved point and innovation. Rather, there is a continuum

If one explicitly recognizes that that distinction is in fact fuzzy, does
not that mean one has a fuzzy theory? Not at all. One of the striking features
of the various "evolutionary nodel s" of economc growth that have been built over
the last decade is that, within them innovation is treated as a matter of
degree, firns nove step by step into the unknown, and in so doing sel dom nove
very far fromthe known.
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Abandoni ng the sharp distinction between noving al ong a production function
and innovation clearly is a big step analytically. Such a step would involve
pl acing learning and adaptation at center stage of the behavioral analysis, and
letting go of analytic techniques and argunents that presune that "profit
maxi m zation" is sonething that managers actually are able to achieve, rather
that something they strive for intelligently. Yet it is arguable that nost of
the inportant and useful propositions about the role of markets and conpetition
depend on the latter not the forner.

The notion that conpetition tends to force price down towards costs, and to
stinulate reform or elimnation of high cost producers, goes far back in
econoni cs. The argunent does not depend on the existence of sharply defined
production sets, or the achievenment by firns of policies that actually maximze
profits, given the full set of theoretical alternatives. It is intelligent
striving that does the job. Simlarly, the argunent that a change in factor
prices wll induce behavior that econom zes on the factor whose cost has risen
does not require either sharply defined production functions or actual
maxi m zation, but only intelligent striving.

What are the policy inplications of taking an assimlationist, or
evolutionary, view on what happened in the Asian mracle? Are the policy
prescriptions fundamentally different under an assinilationist theory than under
an accumul ationist theory? In many ways the policy prescriptions in fact are
quite simlar, although the reasons behind the argunents differ somewhat.

Bot h neocl assical and assinmlationist theories put considerable weight on
investments in human capital. By stressing the inportance of innovation and
learning, and the role of an educated work force in these processes, the
assim |l ationi st mght push even harder on the education front than would a nodern
neocl assi cal econom st.

No di sagreenent either on the inportance of investnent in physical capital
However the assimlationist would highlight the role of such investnents as a
vehicle for taking aboard nore modern technol ogies, and stress that if capita
formation is not linked to effective entrepreneurship, the returns to investmnent
almost surely wll dimnish greatly after a point. Oh the other hand the
assimlationist would point to effective entrepreneurship as a key vehicle for
keeping investnent rates of return high, and would put |ess enphasis on sinply
trying to lift up the savings rate.

Both theories stress the inportance of exporting. However, here too the
reasons for the enphasis are sonewhat different. The assimlationist sees
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exporting as an extrenely inportant vehicle for learning, as well as a way of
expl oi ting evol ving conparative advantage. Thus, the assimlation theorist mght
be even stronger on the inportance of exporting, and wlling to bias the
incentive systemto induce firns to try to export.

Both theories stress the essential role of private enterprise, profit
incentives, and an environnment that stimulates managers to make decisions that
enhance econom ¢ devel opnent. A neoclassicalist would focus on getting the
prices right and making necessary public infrastructure investments. The
assimlationi st woul d take a somewhat nore conpl ex view on both of these matters.
In particular, an assimlationist mght stress the role of governnent funding and
organi zation in building up national scientific and technol ogical infrastructure
fromwhich firns can draw assistance. But under both theories, it is the energy
of private enterprise that is key, and under both there is deep skeptici sm about
the val ue of detail ed governnent planning.

Bot h neocl assical and evolutionary theorists stress t he great inportance of
conpetition. However here too the reasons differ somewhat, with the proponent of
evol utionary theory pushing conpetition especially in contexts where innovation
is both inportant and risky. Fromthis point of view conpetition is valuable
| argely because choice sets are not clear or not clearly defined and it is

hi ghly val uable, therefore, to get a lot of things tried.

So, the policy differences between the theories may be significantly
smal ler than the conceptual or analytic differences. This should not be a
surpri se. Econom sts were stressing the inportance of profit incentives, and
conpetition, and the dangers of government planning, long before the idea of a
sharply defined production set came into vogue. I ndeed, one can find these
basic argunents in Adam Smth's Walth of Nations.
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Appendi x: A Sinple Evol utionary Mbdel

The nmodel we offer here is totally devoid of substitution possibilities
within a given technology. Rather, all developnrent takes place through the
shifting of resources from one technol ogy, which we will call craft, to another
which we wll call nodern. That is, "assimlation" is what is driving
devel opnent here. Yet the growh pattern it generates could be interpreted by a
growth accountant or a fitter of dynamc production functions as indicating that
"accumul ation" was the basic story. Expansi on of physical and educational
capital per worker is an essential part of the process by which the econony
i ncorporates nodern technology into its productive structure. But, on the other
hand, accunul ation wi thout assim/lation yields no returns.

Wthin this nodel a basic constraint on the rate of assimlation is the
effectiveness of entrepreneurship. There always are profits to be nade by
expanding the nmodern sector. The strength of entrepreneurship in responding to
profit opportunities determnes the rate at which this happens. This response can
be encouraged by a favorable policy climte. Mroever, a strong entrepreneuria
response may, if successful, generate still nore latitude for the governnent to
pursue additional desirable policies. W believe this interaction accurately
depicts an essential ingredient of the "Asian Mracle". The rapid expansion of
human capital, another essential ingredient in our view, also plays a centra
role in this nodel, being necessary for the rapid expansion of the nodern sector

The nodel does not contain a third ingredient that we consider central; the
rapid learning that took place in a firm after nodern technology was first
adopted. The nodel assunes in effect that such | earning took place instantly and
was once and for all, while in fact the firns nmoved progressively into nore and
nore conpl ex technol ogies. Here we choose to keep the nodel sinple and abstract
fromthe cumul ative nature of |earning.

Assume that there are two different kinds of fixed proportions constant
returns to scal e technol ogi es, which we will denote ¢ for craft and mfor nodern
Capital per unit of output is the same in the two technol ogi es but output per
unit of labor is higher in the nodern sector than the craft. So also, then, is
capital per unit of labor. If factor prices in the two sectors were the same
unit costs wusing nodern techniques would be lower than costs using craft
t echnol ogy. However, the nodern sector requires "educated" |abor while education
is not necessary or productive in craft technol ogy.
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At the start of the devel opnent traverse alnost all of capital and | abor is
in the craft sector. However we assune that there is a tiny amount in the nodern
sector which serves, in effect, to "seed" the devel opnent process. At any time
output per input per unit of labor input in the econony or industry as a whole
will be the weighted average of |abor productivity in the two technol ogies, the
wei ghts being the proportion of [abor enployed by each of the technol ogies. Let
a. be output per unit of labor in craft technology and a, = output per unit of
[ abor in nodern technol ogy, with ac.<a, Then:

QL
QL

As L{L grows over the devel opment process, so does QL. Since capital per unit

anld L + acle/L (1a)

ac + (am-ac)LdlL (1b)

of output is the sane in the two sectors, an increase in L,/L is acconpanied by a
rise in K/'L. Indeed, within this nodel QL and K/'L grow at the same rate.

Wthin our nodel a shift in the proportions of capital in the two sectors
drives devel opnent. W assune that the price of the product is the sane whet her
it is produced by nodern or craft technology, and is constant over tine. The
latter can be rationalized by presumng that the product is sold on world markets
and hence is insensitive to the quantity produced within the particul ar econony
in question. VW also assune that the cost of capital is the same in the two
sectors. This neans that differences in labor cost is the only factor that
affects the relative profitabilities of the two technologies. W could nodify
t hese assunptions, but making themenables us to tell a cleaner story.

Let w be the price of labor in the craft sector, and gwits price in the
nmodern sector, with g>1. Thus g (for graduation) reflects an education prem um
VW assume, however, that g never is so large as to conpletely offset the
productivity advantages of nodern technol ogy.

If one uses a prime over a synbol to denote an inverse, then the difference
between the two sectors in cost, and profit, per unit of output, and capital, can
be witten:

DC = wa' . -ga n (2)

The  hi gher profitability  of modern technology than craft provi des
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incentive to shift resources fromthe latter to the former. Wthin this nodel
the strength of the response is determned by the effectiveness of
ent repreneur ship, denoted by e.

d/dt(log Kl K) =ew(a’ ¢ -ga n (3)
d/dt(log KiK) =ew(a ¢ -ga ) (1 -Kd K (4)

If wand g are constants, the time path of K/K (and Q/{Q will trace out a
logistic function. L/L will be increasing as these variables grow, but |agging
behi nd them G course in the limt they all approach one. If w increases as
devel opnent proceeds but not g, the rate of expansion of the nodern sector
relative to the craft wll be accelerated reflecting that, since nodern
technol ogy saves on labor, an increased w increases its cost advantage. An
increase in the education premum g, over the developnent trajectory will
di m ni sh the cost advantage of nodern technology. On the other hand a decline in
g, say as educated | abor becores nore plentiful, will enhance it.

VW know from equations la and 1b that, as capital and |labor shift to the
nodern sector, K/'L and QL wll increase. If the amount of educated |abor is
responsi ve to demand, human capital also will be increasing. An econoni st |ooking
at aggregate data likely would conclude that growh of QL was caused by the
gromth of physical and human capital per worker (and indeed such growh of
capital was required for growth) and would argue that growh basically was due
to "novenents along the (econony-w de) production function". This "explanation”
woul d repress two things. First, the force driving growh was the progressive
adoption of nodern technology, a technology virtually absent in the econony
bef ore devel opment began. And second, while the profitability of enpl oying nodern
t echnol ogy was notivating the shift, the rate at which the nodern sector repl aces
the craft was being determned by the strength of entrepreneurship. On the
other hand, the traditional analysis would be right about the rate of growth of
human capital being an enabling factor.

Thus consider two econonies with exactly the same initial conditions,
facing exactly the same opportunities to adopt nodern technol ogy, and having the
sane input supply elasticities. 1In one the response to profit opportunities, e,
is high, and in the other low The expansion of the nodern sector, the growth of
physical capital intensity, increases in human capital, and the advance of | abor
productivity, all would be faster in the former than the latter. An econonist,
thinking in ternms of production functions, would try to explain the differences
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in terms of different rates of "accunulation", but the key factor behind the
scenes would be differences in the entrepreneurial resonse to profit
opportunities.®

Behind the scenes in the nodel growh of human capital is a enabling
element. (Qher things being equal, a high e (resulting in rapid gromh of the
nmodern sector) will cause a rapid increase in the demand for educated |abor. If
i ncreased supply is not forthcomng at the prevailing prem umfor educated |abor,
under various ways of mobdeling the dynamics g will rise. This will slow down the
rate of growh of the nodern sector associated with a given e. O the other
hand, a rapid expansion of the educated work force can be absorbed productively
only if e is high.

Just as, within this nmodel, a high e tends to draw forth expansi on of human
capital, a high e tends to generate high profits in the industry as a whole, and
hence a source of the savings to finance the investrment in the nodern sector.
Both effects are of course noderated by "supply side" variables. To keep this
presentati on sinple we have not introduced these explicitly into this nodel.

Wthin this nodel, developnent is a process driven by a disequilibrium
The disequilibrium and the rate at which it is elimnated, shows up in this
nodel in the behavior of capital's share over the devel opnent traverse. Set the
constant product price as the nuneraire. Then the share of capital in total
i ncone is:

S
S

(1-wa)Q/Q + (1 -gwa »QiQ (5a)
(1-wa') +wWa.-ganQiQ (5b)

The first termof 5b is capital's share in the craft sector. The second termis

the amount by which capital's share in the nodern sector exceeds it's share in
the craft, times the relative size of the nodern sector.

Let b be the common capital output ratio in the two sectors, and r the
equilibrium rate of return on capital. Assune that at the start of the
devel opnent traverse the craft sector is in equilibrium Then while capital's
share in the nodern sector is greater than br, since Q,/Qis very snall the share
of total capital in the total industry is close to br at the start of the

° A considerable literature attests to these differences anong devel oping

countries. Contrast, for exanple, Lall’s (1987) description of the behavior of
Indian firms with those of Hobday (1996) and Kim (forthcomng) of the efforts
of Korean and Taiwanese firns. Some of the observed differences may be
attributable to differing policy environments.
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traverse. VW also assune that as devel opnment proceeds and the nodern sector
grows relative to the craft, wg grows to squeeze out excess profits in the nodern
sector. At the end of the devel opnent traverse, then, capital's share again is

rb>. However in between, during the course of devel opnent, capital's share will
exceed rb°. Wile the details depend on the exact specification, under plausible
assunptions capital's share will take an inverted U shaped path over the

devel opnent trajectory. As devel opment proceeds and the nodern sector expands,
capital's share first will rise since quasi rents per unit of capital are higher
in the nodern sector than the craft, and a growing share of capital in that
sector will nmore than offset the fact that rising wages will press down on rents
per unit of capital in both sectors. Later, as the nodern sector conmes to be
nost of the econony, rising wages will dimnish capital's share.

If one notes equation 2, one can see that the expression before Q\Q in
equation 5b is proportional to the rate at which capital is being shifted from
the craft to the nmodern sector, and hence the rate at which output per worker and
capital per worker are growing. Thus capital's share will be high when capital
and output are growi ng nost rapidly. A growh accountant would naturally assign a
good share of the credit for growh of output to growh of capital. If the
supply of educated |abor just keeps pace with the growth of enploynent in the
nmodern sector, human capital also will be growing nost rapidly when output is
grow ng fast.

The foregoing captures the spirit of our argunment in the text that, in the
Asian Mracle, both large investnents in human capital and forceful
entrepreneurship which resulted in a growi ng nodern sector and di m ni shing craft
sector (Table 6) were key ingredients, and that they conplenmented each other
strongly. Absent the ability and inclination to greatly expand human capital,
aggressive entrepreneurship wuld have been stymed. Absent aggressive
entrepreneurship, the returns to investnent in human capital woul d have been | ow
And when both of these elenments were present, together they nade for high and
rising profits in the nodern sector which provided the finance for the large
i nvestrrents in physical capital that were necessary for rapid assimlation.
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Figure 1

Alternate Interpretations of Gowh
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Figure 2

35



Table 1

Ef fect of Changes in Capital per Unit of Labor on Share of

Capital in Qutput Wth Dfferent Elasticities of Substitution

elasticity of | 10% 100% 200% 300%

substitution | ncrease | ncrease | ncrease | ncrease
in Capital in Capital in Capital in Capital
per unit per unit per unit per unit
of | abor of | abor of | abor of | abor

Share of Capital in Qutput (initial share = .30)

.2 . 2264 . 0261 . 0053 . 0017
.9 . 2978 . 2841 . 2750 . 2687
1.0 . 3000 . 3000 . 3000 . 3000
2.0 . 3101 . 3774 . 4260 . 4615

Note: Tables 1 and 2 are derived in the following manner. Assume a CES

production function Q = A(dK" + (1-dL")"Y". From this we can obtain
following relationship between QL, KL, and SK, the share of capital,
periods 1 and 2 respectively:

(QL): = dL/K"+ (1-0
(QL)- dL/K" + (1-d)
as well as the share of capital, SKin the two periods as:

SKi= d+ (1-0)(Ko/Lo)'
SK27= d + (1' d) ( K]_/ Ll) r

t he
in

The constant elasticity of substitution production function is undefined for

r=0. In the calculations, the Cobb-Douglas is used when the elasticity of
subsitution is unity. For the calculations in Tables 1 and 2, we define units

so that (K/L)g= 1. Then SKq =.3 inplies that d = .3.
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Ef fect of Changes in Capital

Table 2
per Unit of Labor on Qutput per

Unit of Labor Wth Different E asticities of Substitution

elasticity
of
substitution

10%

| ncr ease
in Capita
per unit
of | abor

100%

| ncr ease
in Capita
per unit
of | abor

200%

| ncr ease
in Capita
per unit
of | abor

300%

| ncr ease
in Capita
per unit
of | abor

Per cent age

change in output per unit of |abor

.2 2.5 8.6 9.2 9.3
.9 2.9 22. 4 37.1 48. 3
1.0 2.9 23.1 23.1 51.6
2.0 2.9 26. 4 26. 4 69.0
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Country

Kor ea
Tai wan,
Al geria
Spai n

G eece
Irel and
Pananma
Por t ugal

Pol and

Chi na

Table 3

I nvest nent Ratios and Predi cted M nus

Actual G owh Rates

| nvest nent / GDP

1960-85 éc(;[vtvjtarl Rrgtneusofpr(gglé C;;{eerd
Capita
24.3 . 024
26.5 . 042
25.7 . 008
26.5 -.001
26. 3 . 008
26. 4 . 007
25.0 . 002
23.7 -.002
36. 8 -.019
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Table 4

Changes in Physical Production Levels
Sel ected Industrial Products
Tai wan (China) 1960-1990

Pr oduct 1960 1990
Man Made Fi bers - 1,762 1, 785, 731
mllons of tons

Pol yvi nyl Chloride - 3,418 920, 954
mllons of tons

Steel Bars - mllions 200, 528 11, 071, 9991
of tons

Machi ne Tool s 0 755, 597
Sewi ng Machi nes 61, 817 2,514, 727
El ectric Fans 203, 843 15, 217, 438
Tel evi si on Sets 0 3, 703, 000
Mot or cycl es 0 1, 055, 297
Tel ephones 0 1, 055, 297
Radi os 0 5, 892, 881
Tape Recorders 0 8, 124, 253
El ectronic Cal cul ators 0 44,843, 192
I nt egr at ed Crcuits 0 2,676, 865
(1000)

El ectroni ¢ Wat ches 0 5, 115, 695
Shi pbui I di ng (tons) 27,051 1, 211, 607

Source: Taiwan Statistical Data Book, 1992, Council for Economc Pl anning and
Devel oprent, Republic of China, Taipei, Table 5-6c.
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Table 5

Share of Current Price Value Added Wthin Manufacturing

Sect or Kor ea Kor ea Kor ea Tai wan Tai wan
(China) (China)

1963 1973 1988 1966 1986
Food, bev. .34 .18 .11 .29 .11
textiles, cloth. .22 .22 .15 .15 . 16
wood, furn. . 04 . 05 .02 . 04 .03
paper, printing . 06 .04 .04 .05 .04
chem cal s, petro. 11 . 20 .17 .21 .23
non. net. mn. . 04 . 05 . 04 .07 .03
steel, iron . 04 .08 .07 .03 . 06
metal prod, machinery, .12 .16 . 36 .10 .18
el ectronics
ot her. .02 .02 .02 . 06 .13

Sources: Korea, United Nations Industrial Devel opnment O ganization, Handbook of
Industrial Statistics, various years, Taiwan (China), D rectorate Ceneral of
Accounting, Budget, and Statistics, The Report on Industrial and GComrerci al

Census of Taiwan -Fukien Area, The Republic of China, various years.
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Table 6

Percentage Distribution of Enploynment by Firm Size

Nunber of Enpl oyees

4-9 10-19 20- 49 50- 99 100- 499 500+
Tai wan, Chi na
1954 18 13 14 9 16 31
1961 18 10 14 8 17 34
1971 8 7 11 9 29 37
| ndex of Val ue
Added Per Worker, NA 100 91 100 117 259
1971
Kor ea
1958 17 16 21 13 21 12
1963 15 14 16 12 21 22
1975 4 5 8 9 30 44
| ndex of Val ue
Added Per Worker, NA 100 133 193 256 304

1971

Source: Ho, 1980, Tables 3.1, D2, D3.

Note: NA, not avail abl e
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Not es.

Sour ce:

Table 7

R & D and Patenting Activity in Taiwan (China)

Year R&DY GDP Tot al Tai wan Forei gn
Pat ent s (Chi na)
Nat i onal s’
Pat ent s
1981 . 95a 6, 265 2, 897
1986 . 98 10, 526 5, 800
1991 1. 65b 27,281 13, 555
a, 1984; b, 1990.
Taiwan Statistical Data Book, 1992. Table 6.7, 6.8
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Table 8

Learning in a Korean Textile Factory

1986
i nternationa
best practice

Year 1977 1986

Labor Productivity

kil ograns per nmanhour, 52.4 78.5 156. 25
ri ng spinning

kil ogranms per nmanhour, 137.1 210.3 324. 30
open end spi nni ng?

meters per manhour , 216. 2 224.1 360. 36
weavi ng

Machi ne Productivity

kil ogranms per spindle, . 20 .23 .21
ri ng spinning

kil ogranms per rotor, .91 1.26 1.11

open end spi nni ng?

neters per | oom 36.1 35.4 39.8

weavi ng

Note: a , initial year is 1979.
Source: Colums 1 and 2 adapted from Ansden, 1989, Table 10.4 Colum 3 cal cul ated

from colum 2 plus coefficients from Pack, 1987, Tables 3.1 and 3.2 and
cal cul ati ons underlying those tables.
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