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INTRODUCTION

A notable feature of the post-war experience of productivity growth is a
tendency to convergence in productivity levels among a selected sample of
advanced capitalist economies. This tendency has been identified and dis-
cussed by a number of observers.? However, the strength and generality of
this tendency are a matter of dispute.® Even if it is accepted for a specific
subsample of countries, it remains evident that there is great diversity in the
actual pattern of experience of a wider class of countries, including the less
developed countries, observed over the same period. Among this wider
class, one finds the coexistence of both convergence and divergence, with no
clear and unambiguous case for either tendency to prevail across the whole

set of countries.® This result indicates that the picture is more complex than -

appears at first sight and, correspondingly, calls for a deeper investigation,

Viewed over a longer time period, the overall picture becomes even more
varied and complex. In this connection, it is instructive to examine the data
recently assembled by Angus Maddison (1987) for six advanced capitalist
economies. The relevant results for this sample, reproduced here in Table
7.1, attest to the remarkable performance of the five follower countries in
reducing the productivity gap relative to the USA by almost three-quatters
(from 59 to 16 per cent) in the period 1950-84. But what is equally striking is
that by 1973 the five countries had just barely succeeded in restoring the
relative position which they occupied a century before and had lost in the
intervening period.

Thus, what we find over this longer period for this particular sample of
countries is an alternation of two phases of productivity growth, constituting
a kind of long-term cycle. The recent phase of this cycle, the one that has
captured the attention of observers, clearly exhibits a tendency to conver-
gence. But, evidently, this phase is preceded by one in which there occurs a
widening gap or divergence in productivity levels by a substantial margin of
about 30 percentage points extending over a 80-year period. It is also
noteworthy that, by the end of this long period of 114 years, the USA
(which has been the leader throughout most of the period, even though its
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Table 7.1 Comparative levels of productivity (GDP per hour worked),
1870-1984 (US GDP per hour worked = 100)

1870 1913 1950 1973 1984

France 54.7 49,2 41.5 74.7 97.5
Germany 58.9 55.7 33.6 72.8 90.5
Japan ’ 19.3 18.0 13.9 43.8 55.6
Netherlands 105.2 74.6 56.5 87.5 97.2
UK 110.9 80.0 58.6 68.8 80.6

Five country-(weighted) average 70.5 56.2 40.9 69.5 84.3
USA 100.0 100.0 100.0 100.0  100.0

Source: Maddison (1987), p. 651. Reproduced with the permission of the edi-
tors of the Journal of FEconomic Literature.

leadership edge has been reduced) still retains a commanding lead of about
16 percentage points.

In considering the historical record of productivity growth, one needs to
take into account also the changing relative position of the UK which, after
all, was the leader in the nineteenth century. Available evidence indicates
that the UK loses its leadership position to the USA around 1880, and is
gradually overtaken in the twentieth century by a succession of countries:
Sweden, France, Germany and Italy (Matthews, Feinstein and Odling-
Smee, 1982, p. 32). Despite its impressive recovery in the period 1950-84, it
still lags behind the USA by almost 20 per cent in 1984, Over the long haul,
then, there occurs an overtaking effect and a change in leadership with
respect to the position of the UK. This aspect of the matter adds further
complexity to the general picture. One may well wonder, if recent experi-
ence is projected forwards, whether another such episode of changing
leadership is now in the making as regards the leadership position of the
USA.

A final point concerns the relative position of the less developed coun-
tries. For this comparison, owing to the absence of comprehensive pro-
ductivity data, one must rely on per capitum income figures, which admit-
tedly provide only a rough guide to productivity levels. The data (Harris,
1986; World Bank, 1986, pp. 180-1) show that, for much of the post-war
period, the group of ‘middle-income economies’ have narrowed the gap
relative to the top group of ‘industrial market economies’. For the ‘low-

- income economies’ as a group, on the other hand, the gap has actually been

increasing relative to the top. As to the actual magnitude of the gaps
involved, the ratio between the top and the bottom stands at 44:1 in 1984;
between the top and the middle it is 9:1.

This record of experience in productivity growth poses deep problems for
economic analysis.® The overall picture is evidently much more diverse and
complex than either a simple convergence thesis or its opposite (a diver-
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gence and polarization thesis) would suggest. This makes the analytical
problems even more difficutt and less straightforward. However, it is poss-
ible and necessary to approach these problems in a step-by-step manner.
Accordingly, in this chapter a specific set of analytical questions that this
picture raises will be addressed. The focus will be particularly on the nature
of the so-called convergence process as such, asking the following questions:
under what circumstances does the process of productivity growth tend to
converge or to diverge? What are the factors that determine such conver-
gence or divergence? If a productivity gap persists, what determines its
ultimate size?

A HEURISTIC MODEL

For the purpose of providing an answer to this set of questions, below is
constructed what might be called ‘a model of a productivity race’ in which
there are specified relationships governing the rate of productivity growth
among different production units viewed as countries or regions. From these
relationships one can find certain characteristic conditions, related to the
parameters of the productivity-increasing process, which allow a direct infer-
ence concerning the factors that determine the possibility of convergencef
divergence among different units and the size of the gap, if any, that remains
between them.

It should be remarked that this is a model of pure productivity growth. It
abstracts essential features of productivity growth as an endogenous-pro-
cess, putting aside other factors that are usually considered to affect growth
of output such as saving/investment rates, aggregate demand, supply of
labour and natural resources. The advantage of this particular model is its
ability to capture, in a simplified manner, some of the essential properties of
what is presently known, from the most advanced work on technological
change, about the nature of technological change as an endogenous process.
These ongoing efforts in the direction of understanding and conceptualizing
technological change offer rich possibilities for getting a firm grasp on the
kinds of factor that account for differences in productivity experience across
different countries.®

_ So far as the concept of productivity used here is concerned, it is the
simple and well-defined concept of labour productivity: that is, average
product per unit of labour. This bears comparison with the neoclassical
concept of total factor productivity, measured as the ratio of output to a
weighted index of (augmented) capital and labour inputs. All the well
known capital-theoretic problems implicit in the aggregate production func-
tion underlying that concept are avoided here by focusing on labour pro-
ductivity. Actually, in this model it is assumed that labour is the only input
in production, although there is an augmentation effect on the side of
labour arising from experience. Correspondingly, factors related to ‘capital
deepening’ that have traditionally been used to account for productivity
growth, whether one thinks of capital deepening either as increasing mecha-
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nization or as variation of the length of life of different vintages of capital,
are left out of consideration. Other factors, such as investment in humarn
capital, are also ignored.

It is assumed that productivity increase is a self-generating process. "This
self-generating feature derives from two considerations that are crucial to
the model. First, it derives from the operation of what might be termed the
knowledge industry,” which consists of the congeries of activities taking
place within the universities and research institutes, within the R&D div-
isions of firms, in industrial laboratories, and in the activities of people
tinkering in the basement. It therefore includes what is commonly referred
to as R&D activity, but much else besides.® Operationally, the output of
this industry is embodied in technical blueprints, patents, professional and
trade journals, books, videos, computer software and so on. These outputs
are linked to production, and hence to productivity, in many complex ways
that defy detailed specification. Nevertheless, that link is clear and well
established.® Conceptually, what this analysis seeks to capture is the crucial
role of these activities as a determinant of overall productivity growth.

Second, the self-generating feature of productivity growth derives from
an intrinsic characteristic of the production process, namely that experience
counts in some meaningful sense. In particular, it counts here towards
further increase in productivity. In this respect, there exists a ‘learning
effect’, which is modelled here as both a learning-by-doing effect and a
learning-by-using effect. This feature of the model also conforms well to
ideas that have been demonstrated and documented in the literature.'

This particular way of approaching the problem of productivity growth
has the significant implication that every producing unit (country or region)
has the capacity to generate its own productivity growth from its own
learning, subject to a critical threshold effect that, as we shall see, may
operate to inhibit some units from starting up the process. Every producing
unit has, so to speak, the capacity to pull itself up by its own bootstraps,
provided that the required minimum condition is met. Therefore, observed
differentials in performance among units, instead of being reduced simply to
arbitrary external factors, barriers or limits, must be accounted for by
factors that are internal to the produetivity increasing process. Further-
more, once we know what these factors are, we can say under what condi-
tions the process will tend to converge or to diverge and what determines
the asymptotic state of that process as regards the magnitude of the produc-
tivity gap. This is essentially the thrust of the analysis presented here.

For the purpose of this analysis, the following assumptions about knowl-
edge as a commodity will be made. ! First, it is permanent and indestruc-
tible, and hence does not depreciate over time. Second, it is a produced
commodity, produced by its own production process in the knowledge
industry. Third, it has the capacity to increase the productivity of all indus-
tries including its own; hence it is a high-powered commodity in this sense.
Fourth, it generates significant externalities in the course of its production
and use, in the strict sense that any producer can benefit from access to and
use of a given total quantity of knowledge without diminishing the amount
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available to others. This externality feature of knowledge as a commodity
implies that there are intrinsic problems of establishing property rights and
hence of appropriation of income from its use. Thus the idea of inferring a
unique market-determined price of knowledge or an immediate connection
with income of its owners is highly problematical. For this reason, it js worth
emphasizing that no significance is assigned here to the pricing and income
distribution side of the production of knowledge.

THE MODEL

Pr.o‘ceeding_ now to construct the retations of the model, let us define a
critical variable x, the stock of knowledge, which is the sum of all the flows
of knowledge generated in the past. Thus

T
x=| xdt
j.o 7.1}
It would be straightforward to extend this formulation to allow for depre-
ciation of the stock of knowledge, but this complication is not considered
here. The essential point is that x is assumed to be a scalar. This notion of an
aggregate of knowledge is used here for heuristic purposes only. A simple
way of giving it a concrete representation is, for instance, as a number of
blueprints or a number of patents. There are, of course, important theor-
etical and practical problems involved in constructing such an aggregate (as
with many other aggregates commonly used in economic analysis) in a
real-world context of heterogeneous knowledge commodities, but these
problems are not considered here, and neither are they strictly relevant for
present purposes.

] i}“he production characteristics of the knowledge industry are specified as

ollows:

£ = f(x, L} = ¢(x).L (7.2}

Here, the flow output of knowledge, %, is a function of the stock of
!mowledge x and the labour input .. The stock of knowledge represents an
index of productive experience, which has a positive effect on production
through a process of learning-by-doing. The learning tunction is further
specified to be a function ¢(x) which is a multiplicative factor applied to the
labour input. This formulation says simply that the track record of experi-
ence in producing knowledge, as measured by the cumulated stock of
%{nowledge already produced, governs the productivity of labour in produc-
ing knowledge.

(PSC) >¢' =0 (7.3)

It is assumed that the average product of experience is greater than the
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marginal product and that the marginal product is positive. Thus there is a
kind of ‘diminishing returns’ to experience. This assumption is intended to
capture an idea that recurs in the literature, taking different forms. In its
most common form it is the idea of running up against a frontier of
technological knowtedge, which essentially implies that beyond a certain
point the yield of incremental efforts in R&D activity rapidly falls off (to
zero in the extreme). It is sometimes tied to “Wolff’s Law’, referring to a
general tendency to ‘retardation of progress’ (Freeman, 1982, p. 216). It
could also be derived from the idea of a ‘lock-in effect’ arising from cumula-
tive experience along a given trajectory of technological development
(Dosi, 1984). Or it could be that there is a kind of ‘dead weight’ of past
experience connected with the social and institutional structures that it
generates, such as ‘the accumulation of special-interest groups’ (Olson,
1982). Whatever form it takes, this idea evidently entails the existence of
some condition within the knowledge-producing industry that acts cumulat-
ively to retard the process of increase in productivity.'? That condition may
itseif be considered to be of an essentially transitory nature if, over time,
‘major breakthroughs’ in knowledge occur so as to expand the scope for
productivity increases at any level of experience. Nevertheless, while recog-
nizing its ‘short run’ character in this sense, the anatytical implications of
this idea are worth exploring."? '

L=L* 749

It is assumed, further, that in order to start up the knowledge industry, it is
strictly necessary to have some positive amount of labour input to begin
with. Thus there is a kind of critical mass, or minimum threshold, of
engineers, physicists, economists and so on that has to be assembled in
order to run an effective knowledge-producing process. This assumption
also captures an idea that is commonly found in the literature on R&D. It
has the significant implication that any unit (country or region) which is
unable, for whatever reason, to mount the required minimum scale of the
activity is unable to gain the full advantages of the productivity-increasing
process.

Now, assume that there is a second productive sector, the y-sector, that
produces a consumption commaodity. Output of this commodity, y, is pro-
duced by labour, L,. The labour employed in this sector is able to enhance
its productivity by drawing on the total stock of knowledge accumulated
from production of the x-sector without diminishing the amount of it avail-
able to that sector. The same total stock of knowledge therefore enters into
the production equation of both the x- and y-sector. In the x-sector, how-
ever, it represents a learning-by-doing effect, whereas here, in the y-sector,
it incorporates a learning-by-using effect. This learning-by-using effect is
specified to be a multiplicative factor applied to the labour input. Thus we
have:

y = hix, L,) = p{x).L, {7.5)
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We thus have here a two-sector economy, with a knowledge-producing
and knowledge-using (consumption-good producing) sector. There is a de-
gree of circularity in production insofar as the knowledge output re-enters
the productive process as the stock of experience, giving rise 0 learning
effects in both sectors. There is an externality feature of knowledge associ-
ated with the fact that both sectors draw on the same total stock of knowl-
edge to boost their productivity. Output of the consumption commodity,
although forming part of the aggregate national income, drops out of the
picture when viewed from the standpoint of the total reproductive process.
In the subsequent analysis, no attention is given either to consumption
behaviour or to movements of the aggregate national income: the focus is
entirely on the production side, specifically on productivity growth which is
uniquely connected with growth in the stock of knowledge.

Now, assume that there are two countries (or regions), A and B. Both

have an established and viable knowledge-producing industry and a -

consumption-good industry.”* Production conditions are the same in both
countries.' Country A is the leader in the strict sense that it has a greater
stock of knowledge than country B, so that x, > Xp. Correspondingly, A
also has aliround higher levels of labour productivity. In addition, country A
allocates relatively more labour to the knowledge industry than country B,
so that L, > L. Insofar as there exists a gap in the stock of knowledge
between country A and B, there is room for a one-way process of diffusion
of knowledge from A to B. Assume that diffusion itself is costless in terms of
labour and that the amount of knowledge transmitted to B at any moment is
proportional to the size of the gap by a factor of proportionality equal to 8.
Accordingly, we have the following equations of production of knowledge
in both countries:

X, = ¢(xA)LA X, < Xg
L.=Lg {7.6)
B = Glxg)ly + 0 (s —xg) O d«<l (7.7

A convenient interpretation of the diffusion term in (7.7) is that it rep-
resents a direct transfer from A to B that is costless 10 both A and B. It
amounts, therefore, to a kind of ‘spillover effect’ or pure externality. The
parameter, 8, could then be taken as a measure of absorptive capacity in B,
hence dependent on internal conditions within country B (such as range and
depth of social infrastructure, size of the market, language skills and policies
of the national state); or & could be a reflection of regulative measures and
other institutional barriers in A to the export of knowledge. An alternative
interpretation is that the diffusion term represents 2 flow of foreign invest-
ment from A to B; but this interpretation would raise further complications
that cannot be pursued here. Whatever the case, it is supposed that this
transfer has a direct impact on the current flow output of knowledge in B
equivalent to the size of the transfer. The impact is assumed to be positive;

e b e e+ = e T

|
|
]
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but one could introduce the possibility that it is negative because of the
existence of retarding effects from the transfer process,

In practice, of course, there are likely to be significant resource costs of
adoption of imported knowledge and of adaptation to loca! copdﬁtons.
Insofar as these are accountable to labour costs, they can conveniently be
absorbed into L* for the importing country. A more complex treatment,
consistent with the spirit of this model, would be to make d1ﬁqumn 1tse_]f a
]abour-using activity subject t0 its own learning process. This is a possible
extension of the model. .

The analytical problem that is posed now is the follm_vmg.. If both coun-
tries operate in accordance with the conditions specified in this model, what
would be the associated pattern of productivity growth over time, and what
is the long-run outcome of the process as regards the size of the gap In

roductivity levels? Since productivity levels in both countries are uniquely
related to the prevailing stock of knowledge, the analysis focuses on move-

ments in this variable.

DYNAMICS OF THE PRODUCTIVITY GAP

Equations (7.6) and (7.7) constitute the key dynamic.relationships, indicat-
ing how the two countries evolve over time, starting from given lnlglal
conditions. To simplify the analysis and sharpen the results, let the learning
function in both countries conform 1o the following linear relationship:

{x) = a + bx;, i=A,Ba>0b>0 ' (1.8)

Then, by transforming (7.6) and (7.7) to proportional rates of growth and
subtracting, we get

algz(L, xA) (ﬁé__ )
- Gl Za_ ANy B, L -9 ,
8s — 88 X, (L.B s | (LA 5) X5

8= ".:i",xi: i= A: B (79)

For clarifying the properties of the underlying process, we can distingnish
the following cases. :

Case 1: 5 =0, L, = Lg, X, = Xa

Here, A is the leader in the stock of knowledge, but the two countries are
equal in every other respect, and there is no diffusion. In this case, equation

(7.9) simplifies to

g — ga = 28 (1— ic-’i)<0 (7.10)

Xa Xg
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Since g, < gp, the ratio x,/x, falls, There is a process of convergence to a
steady state. However, the stocks of knowledge are never equalized; they
diverge in absolute terms. The speed of convergence is determined by
aL ,/x, which reflects the role of diminishing returns to experience in A. In
particular, a/x, is the difference between the average and the marginal
product of experience and it diminishes as experience grows. This result
indicates that what dominates the process of convergence is diminishing
returns to experience in the leading region. Thus it appears that the leader
leads not only in experience; it also leads the process of convergence by its
slowing down from ‘ageing’ or ‘maturing’ of experience.

Case2: 1 >0>0,L, =L, x, > x,

This case allows for diffusion from A to B. Equation (7.9) now becomes

gA~gB=5!~“*ﬁ‘~(1—x—")—6(x—‘—)<0 (7.11)

Xa Xp Xg

Here again, g, < g, the ratio x ,/x, falls, and there is convergence in growth
rates but not in absolute terms. The speed of convergence is augmented in
this case by the existence of diffusion from A to B. Contrariwise, if 8 <0,
implying negative spillovers, it is easy to see that there is no convergence;
x,/x; rises without limit.

Case :1>06>0,L, > Ly, x, > xg

This is the general case, encompassing full differentiation among countries
and diffusion of knowledge betweem them. The basic story which can be
told in this case is as follows. For L /., sufficiently large in relation to x /x5,
country A has an advantage deriving from its larger allocation of labour to
the knowledge industry. This advantage allows it to grow faster than B, so
that x/x, increases and, correspondingly, the productivity gap increases.
However, part of this advantage, as represented by the first term on the
right-hand side in equation (7.9), is diminished by growing experience (due
to diminishing returns to experience) as x, rises both absolutely and rela-
tively to x,. It is converted to a disadvantage as x,/x; comes to exceed
L, /Ly. This advantage is diminished also by the increasing contribution
{represented by the third term on the right-hand side of equation (7.9)) that
the growing gap in the stock of knowledge makes to growth in B due to
diffusion of knowledge from A to B. Both these factors contribute to
reducing the difference in growth rates between A and B. Consequently, the
magnitude of the gap in the stock of knowledge, while continuing to grow,
approaches an upper boundary given by the critical ratio:

(xa/xg)* = —g— (Lo~ Lg) +1 (7.12)
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Xalxg

b
F(LA—LB)+1

{xaiXa)*

Figure 7.1 Convergence pattern of x,/xs

However, what if x_/x,, is large enough to begin with, in particular, x,/xg
exceeds this critical ratio? The logic of equation (7.9) entails that, with such
initial values of x,/x;, the growth advantage that A has from its larger
allocation of labour to the knowledge industry is overpowered by the
diffusion effect and the diminishing returns effect. The advantage in growth
then shifts from 4 to B and this results in reducing the size of the gap
between A and B in the stock of knowledge and, correspondingly, in
productivity levels. In this case, the gap asymptotically converges from
above to the critical ratio (x/x,)*.

Thus, no matter how small or large the initial gap in the stock of knowl-
edge between leader and follower, this process operates to bring about con-
vergence in terms of growth rates of the stock of knowledgg. But, as to
the size of the gap itself, there is a sharp asymmetry, as shown in Figure 7.1.
For small initial gaps, the size of the gap widens, up to some upper limit. For
large enough gaps to begin with (that is, gaps larger than the crltlcgl }'atlp),
there is a reduction in the size of the gap. However, whatever the initial size
of the gap, there always remains a gap and it is positive. This result follows
from the fact that the critical ratio is necessarily greater than 1, given that
L, > Ly, b> 0, > 0. The magnitude of this permanent gap is uniquely
determined by the difference in the allocation of labour to the knowledge
industry, L, — L, by the marginal product of experience, b, and by the
diffusion parameter, 0.
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Cased: 1 >8>0, L, <L* <L,

If country B is unable to achieve the threshold size of atlocation of labour to
the knowledge industry, then it is unable to participate actively in the
productivity race. It remains in a dependent status of receiving whatever
spillovers it can get from those already in the race, and its productivity level
continues to fall further and further behind relative to the rest.

CONCLUSION

So far as the process of convergence/divergence in productivity growth is
concerned, the analysis presented here identifies exactly what form that
process takes and the conditions which affect the outcome.

The productivity gap is analysed in terms of the relative size of the stocks
of knowledge existing in the leader and follower countries. It is shown that,
given some initial gap to begin with (no matter how big or small), the gap
asymptotically approaches a definite size from above or below depending on
initial conditions. Whether the gap increases or diminishes depends on how
big the initial gap is. Thus it is a matter of the exact degree of ‘relative
backwardness’ in a precise sense, specified in relation to the critical ratio
(x./xz)*. In particular, only if the initial gap is ‘large enough’ does conver-
gence occur. In this respect, this result serves to give a certain precision to the
well-known hypothesis of relative backwardness as a factor determining the
tendency to convergence in productivity levels.!” This result also replicates
the diversity of the empirical record, insofar as that record exhibits the
coexistence of dual tendencies of convergence and divergence. The coexist-
ence of these two tendencies is shown here to be precisely connected with
the cross-country disiribution of initial conditions and parameter values
around the critical ratio.

The analysis supports the need to maintain a sharp distinction between |

convergence in growth rates and convergence in terms of levels. In one class
of cases, depending on initial conditions, even though growth rates con-
verge, levels diverge and the gap correspondingly widens (albeit to an upper
limit}.

It is evident also that the process of productivity growth, under the
conditions specified here, operates to keep the size of the gap within
bounds. This is for reasons related, first, to the existence of a ‘maturity’
effect in the leading country associated with diminishing returns to experi-
ence. Second, it is related to the advantage that the follower country gains
from the operation of a diffusion effect, or of ‘spillovers’ from the leader.

If the gap does not explode, neither is it ever eliminated altogether. A
certain positive size of the gap is permanently reproduced by this process.
That size, given by the critical ratio {(x,/xz)*, is uniquely determined by
specific conditions of the productivity-increasing process: namely, the mar-
ginal product of experience, b, the diffusion parameter, &, and the differ-
ence in relative allocations of labour to the knowledge industry, L, — L.
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A special class of cases consists of those couqtric?s that are unable to
mount the scale required to start up the productivity-increasing process. In
such cases the gap increases without limit. The same result would occur if
the diffusion parameter were negative, implying that there are retarding
effects or negative spillovers from diffusion. _ )

One can readily admit that this analysis does not, and neither does 1t
attempt to, tell the whole story concerning the hlstorlc_al_record sketched'm
the first part of this chapter. It does provide a heuristic framework with
which to identify various essential elements of the story that need to be
explored in greater depth in secking to explain the record of productivity
growth.

As it stands, the model focuses on the character of the c_onvergence/
divergence process that occurs over a period of time appropriate 10 what
one might call ‘a given technological paradigm’, during _whlch it might be
said that the frontier of technological knowledge is relatively fixed. It is in
that context that it would seem to make sense to talk about ‘diminishing
returns to experience’. But, over the fong haul, the paradign_l qus change
and the frontier shifts along with it. This introduces the possibility that, by
leapfrogging, followers may overtake and surpass leaders, so that the pat-
tern of leadership changes. [t would remain to determine who leads and
who follows under those conditions, and whether there is any tendency to
convergence, This effect is not considered here and is intrinsically more
difficult to model.'® _ o

Another effect not captured here, which may be.conslldered a significant
part of the empirical record of productivity growth, is the intersectoral effect
associated, for instance, with a shift from agricq]ture to manufacturing
industry, or from traditional manufacture to services. This aspect of the
process is essentially eliminated at the highly aggregative level of this
model. For the same reason, it is not possible to capture a mg_mﬁcant
dimension of the process that is related to the effect of commodity spe-
cialization among countries.

Notes

1. A first draft of this chaptet was circulated in February 1985. It was subsequently
presented to the ASSA (Allied Social Science Association) meetings in New
Orleans in December 1986, at various invited seminars, and at the c_cmference
from which this volume is derived. 1 wish to thank the editor of this volume,
Ross Thomson, for his careful reading of the penultimate draft and for substan-
tive comments and discussion of various points.

2. See for instance, Abramovitz (1986), Baumol (1986), Maddison (1982, 1987)
and Matthews, Feinstein and Odling-Smee (1982). '

3. See Baumol and Wolff (1988), De Long (1988), Romer (1989), Dowrick and
Nguyen (1989) and Baumol, Blackman and Wolff (1989).
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5. %or a)penetrating discussion of some of the complex issues involved in analysing
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the historical record of differential productivit ' i
: y growth among count
Abramovitz (1986) and Nelson (1981). ¢ B countnes, see

. For reviews of the analytical elements and empirical studies in this burgeoning

field of research, see Nelson (1981), Dosi {1988), Freeman (1982), Kamien and

Schwartz (1982) and Stoneman (1983). For a related effort at modelling these

effects in a growth-theoretic context, see Romer (1986, 1989).

. The most forceful statement of the arguments supporting this view of the role of

the knowledge industry, as a general perspective on the development of modern
technology in the twentieth century, is that of Freeman (1982),

. Fritz Machlup (1962) gives a much wider definition of the ‘knowledge indus-

tries’, and estimates that 30 per cent of the labour force in the US economy is
1ncludec'] in his definition. Porat (1977) defines a similar ¢ategory of ‘information
occupations’ to include about 50 per cent of total occupations. I folow Freeman
(1982, p. 5) in conceiving of what he calls ‘the Research and Development
system’ as ‘the heart of the whole complex’. Even so, there are still considerable
empirical difficulties in identifying exactly what constitutes this ‘system’, as
shown in National Science Foundation (1987). ’

. For relevant empirical evidence on the contribution of R&D to productivity

growtl:n, see Griliches (1986) and Mansfield (1980). From the standpoint of
ascribing causality, the relationships involved are considerably complex, as
argued forcefully by Nelson (1981). ,
See Atrow (1962b) and Rosenberg (1982, Ch, 6),
Some relevant issues concerning the conception of knowledge as a commodity
?il;ls‘lgl)ts own peculiar attributes are considered by Arrow (1962a) and Nelson
Ames and Rosenberg (1963} review and dissect some of the arguments that have
been put forward to support the broad thesis of an eventual retardation of
growth in advanced industrial economies. They conclude that there is no logical
necessity for such retardation and that the outcome depends on a number of
empirical conditions that remain to be verified.
The logic of this idea does not necessarily rule out the existence of an initial
p!las_;e_of .mcreasing returns, but for simplicity this analysis focuses on the case of
diminishing returns as an ‘ultimate’ phase of the process. It must be emphasized
that, as presented here, there is nothing inherent in the idea of ‘diminishing
returns to experience’ that makes it a purely technological condition; rather, it is
considered to be an analytic expression for a wide range of social and insti-
tutional factors that are themselves the product of historical development.
Issues involved in determining the pattern of trade and specialization among
countries are left out of this analysis, inasmuch as the pricing side of the picture
{on which an account of comparative advantage must be based) is being ignored
Still, it is not unregsonable to suppose that both countries produce some of thé
same two'commodlties, unless it should turn out that specialization according to
E;)mparatwe advantage yields a corner solution, which would be a very special
se.
This assumption could be usefully dropped and the model extended to allow for
differences in production conditions across countries.
The latter case is an implication of the argument that relations between ad-
vanced and underdeveloped economies are characterized by a ‘structure of
dependen_ce’ (see, for instance, dos Santos, 1970).
Abran}ovxtz (1986) provides a discussion of this hypothesis, along with several
extensions and qualifications, and reviews some of the historical evidence per-
taining to it. The general idea that the ‘degree of economic backwardness’ is a
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significant factor governing the pace and direction of development was put
forward by Gerschenkron (1952).

18. For an examination of the issues involved in the question of overtaking and of
changing leadership, see Ames and Rosenberg {1963).
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