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Abstraet: This paper outlines the conceptual problem which lies behind the
research program, T echnological Change as a Determinant af Susiainable Growth: A
Case Study of the Philippines currently being undertaken by the author at the School
of Economics. It shows how current growth theory lends to tail or follow two guite
distinet physics models - one of thermodynamic equilibrium the other of non or rather
far-from-equilibrium thermodynamics. These perceptions of growth are dramatically
different. the first seeing changes in industry structure 25 one of the epiphenomena of
growth and not central to it. The second model sees such structural change as central
1o the process of growth: indeed growth itself is held to emanate from structural
change which in tum is the outcome of technological change. The apparent
contradictions in these alternative perceptions of growth are ignored in practice. both
being used simultaneousiy to measure structural change within an economy. By
examining an economy which although showing a guite reasonable rate of growth 1n
the 50s 60s and T0s but nevertheless has shown an extremely low rate of productivity
increase, it is hoped to cast some light on which of these perceptions of growth
appears to be the more meaningful.
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ECONOMIC GROWTH THEORY: A TAIL OF TWOQ PARADIGMS

F8 INTRODUCTION

The aim of this paper is to explain the theoretical/conceptual problem which 1 see
bedevilling economic growth theory - is it growth which leads to development or
development which leads to growth? Now you must bear with me for a little while and
not be put off by what may appear 10 be a chicken and egg circularity. There is a
fundamental difference in the cansation implicit in each of these perceptions of srowth
and hence their policy implications are different in fundamental ways. as I shortly hope to
demonstrate. The rescarch project referred to in the Abstract, through which I aim 1o
throw light on that problem, will then be briefly outlined. "My hope is 10 engender some
interest in what | am tryving to do with a view of obtaining useful comment - or warnings
of any pitfalls - in tackling this research project.

The first step is to try to explain the appalling pun in the title. The point is that growth
theory - at least in recent years - has tended to tail 2 diamerically opposed phvsics
paradigms or models. one being the thermodynamic equilibrium model on which
endogenous growth theorics (and neo-classical balanced growth models before that) are
based: the other a model of physico-chemical transformation which occur within non-
equilibrium thermodvnamic systems and which are reflected in the properties of
evolutionary economic growth models.

2 THE TWO PARADIGMS

A. The first physics model explains the behaviour of a many bodied {corpuscular) system
where energy is conserved according to the First Law of Thermodynamics. Now
conscrvation is the key: the features of the model outlined are merely aspects of that one
underlying feature - the conservation of energy.

{1} The Hamiltonian defines the dynamics of that system. expressing its total
energy through transformation of the potential and kinetic energy. But the
System’'s total energy cannot change so H cannot change: any transformation that
takes the system outside its ofginal structure, 1s simply not permissible.

{ii) The conservation of energy implies that any transformation will follow a
particular path - the path of least action. The Hamiltonian defines that path and it
15 from this definition tha: our coneepis maximisation or constrained optima can
be derived.



(111} The movement of bodies within a system subject to a foree field will be path-
mdependent.  This indeed defines a conserving force, A corollary of this is that
there can be no change in the field of force arising from the behaviour of the
bodies in the system in response to that force.

B. The alternative model, reflects the sorts of physico-chemical changes which are quite
usual in living systems. Unlike the behaviour of the system in thermodynamic
equilibrium in non equilibrium systems, the relationship between a force that determines
the rate or flux of energy change (entropy), is non-linear making the svstems state no
longer stable. Fluctuations are amplified pushing it to evolve an entirely different pattern
of entropy., the point of transition marked by an abrupt change or bifurcation which is not
predictable in terms of behaviour at the micro-level. What is being suggested is that under
conditions of sharply increasing stress when a system is in far-from-equilibrium
conditions characterised by considerable turbulence/chaos, a new stte can emerse,
displaving more symmetry and more structure. As Stewart and Golubitsky [1993)
suggest,

.. symmetry and chaos - pattern and disorder - can coexist naturally within the
same simple ... framework™ [p.240].

Prigogine [1985] calls these new states “dissipative structures” to reflect on the one hand
structure and order. which is associated on the other hand, with “dissipation and waste
and suggests they,

“actually correspond to a form of supramolecular orgamsation”, [p.143]

Mow because such ransformations occur under far-from-equilibrium conditions the order
which arises or emerges cannot be an butcome of equilibrating processes but is rather an
outcome of self-organisation. As such, outcomes are not knowable in advance and-as a
result the process leading to those transformations tends 1o be path-dependent. Finallv
such transitions or transformations are governed by the boundary conditions as well as
the prior history of the system and once made are urreversible. This characteristic of
irreversibility is an imporant factor distinguishing evolutionary models from classical
physics/neo—classical economic model. In the latter cases time 15 treated as any other
variable - it is reversible. The dvnamics of neo-classical growth theory are the dyvnamics
of the Hamiltonian: there is only theoretical time which permit transformations 1o run
cither forwards or backwards. Theoretical time therefore has no links with historical time.
With evolutionary theory time becomes imeversible - aging is ‘a one wav process
reflecting the arrow of time. There therefore exists a discontinuity between- past and
future; a discontinuity starkly reflected in the changing economic structure of the citv.
referred to in the next Section.
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= _-ﬁ'ﬂl‘-organisatiun. non-lincanty and path dependency are essentially the
ries of Chaos Theorv and as Gleick points out.

chaos = a2 science of process rtather than state, of becoming rather than
being™[1991 p.5]

3 A GROWTH MODEL BASED ON THE MODEL OF THERMODYNAMIC
EQUILIBRIUM

Before descnibing each of these models it is necessary to repeat that the aim is to explain
the conceptual basis for the research program. In order to do this it is only required to
demonstrate the differences in their perception of the causes of growth and hence the
differences i their policy implications. For this reason the mathematics is simply to
assist that understanding. not o show how one equation 15 derived in terms of another,

As an example of an economic growth model which reflects thermodynamic equilibrium,
[ have taken Lucas” (1988) model - one of the class of endogenous growth models. Now
the issue with most, if not all, of these models was not to find out what the determinants
of growth actually are. Rather it was 1o find a way to modify the carlier neo-classical
growth madels so that non-convergence of per capita incomes or capital flows could be
explained. In accordance with this approach, Lucas aim was to show that the externalities
associated with investment in physical and human capital could be sufficient for the
marginal productivity of capital to achieve unity and hence generate the required
condition for sustained divergence. Lucas sees learning as impacting upon growth in 2
Ways,
(1) an internal effect upon the workers own productivity.

(if) an external effect upon the productivity of all factors of production.

Also, in his initial formulation of the model he defined learning in an educational sense -
1.e. a5 requiring withdrawal from the workforce for the peniod required for the lear

ning. Then, as with all the endogenous growth meodels, growth 15 conceptuahised as a
control problem - how to maximise utility over time given the technology constraints.

Despite the presence of externalities in the formulation of this model they do not affect
the optimum time path of growth: the problem 1s 1o choose a time path for human as well
as physical capital, consumption, and the iime devoted to production rather than leaming.
that will maximise utility subject to all constraants. These constraints are:

{i) The technology of goods pm:h::mu imvalves the productivity of capital and
labour bearing in mind the externality factor associated with human capital.

AK (1) [uit) hit) Nl bgey

i
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(i) The ‘technology™ of human capital accumulation. Lucas assumed a linear
relationship between the effort devoted to the accumulation of human capital and
the rate of change in its level, such that, within the extreme values for u(t) of 0 and
I. a given percentage increase in hit) requires the same effort IEgﬂ.I'dlf:Eb of the
level alreadv attained.

B (ty=(hit) & [1 - uf1)]
{111} The constraint that h(t) = h.{t) for all r.

This opimisation problem is given by the current-value Hamiltonian
Hik h 8.8 . c.ut)

where 8, and 6. are the prices for increments of physical and human capital and u is the
proportion of time devoted w production.

There are now 2 decision variables - consumption and the time devoted to production -
and these need to be selected to optimise growth. Thus the first order conditions for
optimsation are that at the margin: -

(i) Goods must be equally valuable in their 2 uses of consumption and capiral
accumulation,

C =8

(ii) Time must be equally valuable in its 2 uses of production and human capital
accumulation.

B, (1- ) AK " (uNh) "Nh' "= 8. 5h

All these conditions. together with the specification of the rates of change in prices then
describe the optimal time path for K(t) and hit) from anv initial mix of these 2 lypes of
capital. -

Because of the presence of externalities the equilibrium path is different from the optimal.
The equilibrium path Lucas defines as that path where houscholds decisions 1o
accumulate personal capital ((hit)) are the same as the expecied outcomes embodving the
external effects of human capital (h,(1)). The private sector solves basicallv the same
control problem as the optimisation. except with h,(t) as given. In effect it is a positive 7
which creates the divergence between the 2. Lucas then seeks to characterise each growth
path by determining balanced growth solutions for each: i.e. solutions in which c. K and h
are growing at constamt rates and the prices of each type of capital are declining at
constant rates. Lucas confesses to some doubt as to what exactly is balanced along this
path, but argues it is uscful label for solutions which have this property of constant




grivwih rates, From this particular characierisation of each growth path a solution for both
the optimal and the equilibrium rates of human capital accumulation may be obtained. 1
can perhaps be noted that in both cases the outcome is affected by the effectiveness of
investmen! in human capital and the level of the discount rate. As Lucas exclaims

“Here at Jast is a connection between thriftiness and growth™ fibid p.23].
something which does not occur with the Solow maodel!

One of the intriguing aspects of Lucas approach is his focus on the city, rather than the
national economy as the centre of economic growth. This is an outcome of the central
role assigned 1o the exiernal effects of human capital, which required proximity for those
externalitics to be internalised. He therefore uses those cxternalities o explain
agglomeration economies found in urban areas. suggesting that the human creativeness
which those externalities embody, is the field of force driving national economic growth
through the medium of city economiss. Human creativeness, is the overarching driving
force existing prior 10 and independently of agents’ economic decisions and in this
respect offers a much more meaningful field of force than echnology. Technology cannot
be sad to exist independently of agents’ economic decisions. He considers his perception
10 be cssentially the same as Jane Jacobs: cities are what make modern economies work
because the creativeness which engenders national economic development takes place in
those cities.

By observing the sorts of changes which have taken place in city economies it is possible
¢ check whether these changes are broadly consistent with Lucas model, bearing in mind
the hmitations imposed by using the Hamiltonian In particular it is necessary to
remember that that chanpe which takes the system outside irs inigal structure is
inconsistent with the application of the Hamiltonian. To what extent then is the pattern of
observed economic change in citics consistent with the requirement of the Hamiltonian?
At this juncture | should point o that | am using my own and Carter’s [1979] rather
than Jane Jacobs™ analysis of urban emplovment change as it is much more closely related
to economic development rather than import replacement.

The results of that analvsis were as follows:

(i) When all US wwns (SMSAs) are clusiered according 1o their employment
structure, in 1950 a prime split 5 obtained which separates out one group of
manufacturing towns and one of services.
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(it} A secondaryv split breaks up each of these groupings into a further 2 sub-
groups in which size appears as an important characteristic in one of each of the 2
sub-groups. These large centres were characterised by employment in those
industries showing the largest increases in the sales of intermediate outputs that
were located in urban areas (i.e. excluding zuch industries as petroleum refining),

(i) When the same exercise 15 carmied out for SMSAs in 1970 then the 2 sub-
groups of large cities - which could not be more different in 1950 - grouped
together in 1970 sgain characterised by those industries showing the largest
mcreases in the sales of intermediate outputs - in this case “producer services'.

(ivi Un the other hand industries such as communications. aireraft and motor
vehicles which tended to locate in large cities in 1950 but which in the meantime
had undergone sharp increases in labour productivity, by 1970 did not characterise
the emplovment structure of any particular sort of city. They tended to be diffused
throughout the urban hierarchy or located ourside it

Thus the changing pattern of urban activity reflects in an extremely accentuated form., the
most fundamental aspects of economic development - the increase in intermediate oulput
relative to total output and/or final demand. and second the decline in primary inpuls -
especially labour per unit of output.

Docs this quite dramatic movement from services/manufacturing centres 1o “producer
service’ centres suggest that they have so altered their structure that the Hamiltonian is no
longer applicable? That is impossible to answer because there is no measure to structural
change which is independent of the way growth has been defined. so it is possible 10
define such change as umimportant. But we would have w ignore the rch pattern of
change those economies experienced, as being of no structural significance. As Nordhaus
and Tobin [1972] compiained. vou miss.... “all the drama of the events™ [p.2]

Perhaps the crucial issue maised by Jane Jacobs was that the process of economit change
within a city was subject 10 a positive feedback mechanism in which “one thing leads
explicity to another”. this has a number of serious implications for the applicabilitv of
equilibrium theory in general and the Hamiltonian in particular: ~

1. Economic change is path dependent so that human creativeness cannot be
interpreted as a conserving field of force.
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2 Path-dependence implies the process of transformation is not knowable ex
arnte. but rather an act of creativeness which positive feedback mechamsms buld
into a self-reinforcing system. To such a system concepts of equilibrium, as well
as optimisation. do not apply; change is more meaningly perceived as self-
orgamsation.

3. As a path-dependent system the process of change is strongly conditioned by
its history so that movement if not completely ireversible 15 subjected 10 strong
hysteresis.

In other words it exhibits the properties of Prigogine’s dissipative structure’ rather than 2
body in thermodynamic equilibrium.

4. A GROWTH MODEL BASED ON THE MODEL OF FAR-FROM-
EQUILIBRIUM THERMODYNAMICS

Before outlining the alternative model, there are general points on causation which nesd
1o be brought out so that vou may betier appreciate the way growth 1s scen 1o take place
within this framework. This aliemative model perceives growth as emanating from the
development of 2 more complex structure with increasing inter-dependency and hence
organisation, in the relationship of the parts making up that structurs. Notle that the
emphasis is now on structure and the structural changes excluded by the use of the
Hamiltonian. Richard Fevnman [1992] has pointed out;

“The same kinds of atoms appear to be in living creatures as in non-living
creatures; frogs are made out of the same “groups’ as rocks™ [pp.149-150].

s0 that their totally different physical properties must be a consequence of the way those
atoms are arranged Arrangement or structure rather than deterministic cause effect
relationships has become the organising concept of science [Bronowski 1976 p.112] and
it is therefore to changes in structure that one looks for change mn properties. In this
context the changing properties associated with growth can be seen as the outcome of a
changing structure. [Little 1995] The analogy to use here, is the development path of an
embryvo as it develops its various component structures - stomach, nerve system, muscle
tissue. etc. This pattern of growth is called epigenesis and can be compared with the
unchanging structure of our previous physics model which implies that everything must
already exist within that system - a theory of growth known as preformation  which was
rejected in biology more than 100 vears ago. Now it is important to understand that the
epigenetic explanation of developmen: does not contain a detailed description or plan of
cach component but rather a prescription for when change must occur: the laws of
physics then look after everything else.



When concerned with understanding development/growth as an evolutionary process w

must distinguish that “change™ part from the “everything else™ part. Many evolutionar

economist see change in neo-darwinian terms - as an outcome of selection after rande:

mutation. But adaptation to a change does not explain the change itself: that requires =
theory of structural change or morphogenesis. As biologists/evolutionists have pointed
out morphogenesis is anything but random: rather it follows certain self-organising
paths along the lines described by Prigogine [1985] and his co-workers.

Perhaps the clearest perception of the need to see change independently of dayv to dax
adapuve economic behaviour was demonstrated by Schumpeter [1950, 1951] in his
“creative destruction’ model of cconomic change. Now such transformations can he
captured within a relatively simple mathemarical framework: as Stewarnt and
Golubisky[ 1993 ch.9] point out. thev can be contained within the simple logistic
sguation.

fi)=k=x(l-x)

which expressed as a nonlinear first order difference equation is.
Xuery = £ () = boe, (T-x)

This means that any point x maps it to the value fx) while k is simply a relative growih
factor. Given any value for k it is then possible 1o calculate an infinite sequence of xs. the
way x changes defining its dvnamics. If the xs in the sequence stay bounded and vet da
not display any discernible pattern then the dvnamics of that system or set 1s defined as
chaotic.

A recent model of self-organising behaviour . has been developed by Silverberg, Dosi
and Orsenigo [1988]. which they say.

“represents a dvnarmical svstem which due to the vintage structure. should be
categorised as a set of differential-difference equations with age-dependent
effects.” [ibid p. 1042).

Although it does not incorporate an explanation of morphogenesis the process of
technology diffusion is contained within the broader context of the industry”’s adaptation
to I different technological pathways or trajectories. It aims at showing the process of
adjustment to changing technology under conditions where the correctness of actions
taken today will not be known until some considerable time in the futare and in which
there are complex interdependencies with the other agents as well as with the aggrepate
magnitudes within the system. An approach which assumes an equilibrium outcome to
which all agents would subscribe ex arte, cannot therefore be adopted. Indeed 11 is the
diversity in the various firm’s responses which is one of the most important  factors




driving the adjustment process and the pattern of industry response. In this respect it is a
seli~orzanisation model.

The way the market structure evolves in the model is governed by the way a firm’s
marke1 share responds to the difference between its own and the averasze competitiveness.
This is_a basic diffusion equation, except that the competitiveness parameters can be
change in quile complex ways in response to the firm’s strategies or feedback from the
rest of the system.

fi= A, (Ei-<E>)#
Where fi represents the market share of the ith firm
Ei its competitiveness
< E > the average competitiveness.
This is similar in form to our logistic equation except that the Es themselves are complex
functions of other factors within the system. e.g. Competitiveness of the ith firm is
defined as,
Ei=-Inpi- A, ddi
Where - In represents a linear combination of price (pf) and eurremt delivery delay
_ (dds).
The firm’s decision-making is in 2 parts,
(i) Certain rules of thumb governing pricing and output.
(11 DFcisiun rules (“animal spirits”) governing replacement and the expansion of
capacity.
Now the prices firms charge are a compromise berween the desired mark-up on unil costs

and relative competitiveness. Thas allows the firm’s changing relative cost soucture 1o be
transmitted through the market.

pi = A (pei - piy+ Ag (Bi- <E>)

Where pi represents the log of the 1th firm’s market price
pei its desired mark-up price based on its unil prime costs.
With investment behaviour. capacity expansion mav be set at any level, but it is then

revised m the light of any deviation m the maie of capacity umilisation from the desired
level (this uses first order feedback).
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Ni=riki
Where Ni is the net expansion (negative or positive) of the ith firm

ri 15 its desired rate of expansion.
1'1-=.|a|..|:3 {Lli!— uﬂ.:'

Where wi - uo represents the deviation of the rate of capacity utilisation from its
desired level. uo.

However it is replacement investment which largely determines the unit production cost
per unit of investment outlay. because these casts are determined by the age structure of
the capital stock and the history of technological change it embodies, With replacement
decisions. it is not merely a question of determining the best-practice lechnology but one
of weighing up the gains from immediate expenence in advance of COMmpetitors, or
waiting and “floating in on the nsing general skill level” [ibid p.1042] without
commitiing oneself to the new technology and thereby avoiding possible development
costs, bearing in mind the outcome is unknowable in advance. The gain in skills/learning
irom adopting the new lechnology is expressed as,

St = Ays [PI(CPi+C)] Si (1 - Si) i Si > Sp
Where 5(p) is the level of skill generally available (external leamning )
Pi1s the firms current production
CP its cumulated production employing the new technology
C is a constant proportional to the capital stock.
External learning/skill lags behind the average intemnal skill levels with an exponential
delay.

-'F[F'}=-""'|-.= {{“5}'55:”
Where <s>=% i §;

[f' firms are going to switch to the pew techrology they will need to abandon their usual
investment criteria and take into account the gains from the higher productivity as wel as
any competitive edge resulting from acquiring the skills associated with its use. If the
firm believes these gains can be achieved within its pavback period. then it will switch.
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P2 -Pliel - cMSi XH = bi
Where bi is the firm’s target pavback period.

¢l. P1 and 2, P2 arc the unit cost and the price per efficiency unit cost and the
price per efficiency unit for the old and the technologies respectively.

Xi 1s the firm’s ‘anticipation bonus’ of switching 10 the new technology.

Thus projecrion of the alternative gains from internal and external leaming. as well as
what ones competitors are doing. will determine the firm’s investment strategy. I's a
bifurcation point.

Whar are the implications of such mode] of technological cfuange'!

{a) There is no such thing as an average economic agent so that market behaviour
cannot be seen 1n terms of individual economic units.

(b} There is no determinate putcome: it is unknowable in advance. If no firm 1=
willing to nsk the iniial costs of implementing the new technology the older l=ss
efficient way may remain. It is the collective effects of the different firms which
determine the outcome i.e. it is a case of industry self-organisation. What this
demonstrates is that although it may be possible 10 specify the structure of a
model ex gmie it may not be possible 1o specify its dvnamic properties ex anre.
Properties may only emerge from simulations with the particelar parametric
values (a5 with the logistic equation referred to earlier).

{¢) Change is not smooth and continuous but is abrupt and discrete. Non-linear
cumulative causation makes the form of the interaction between agents, complex
and subject to bifurcations.

Underlying this perception of change i3 the view that the way an industry grows 15 largely
the outcome of the way firms adapt to technological change: ie. it is technological
change, under-pinning souctural change within the economy, which in e leads to
erowth, Obviously this 15 very much an epigenetic view of growth.

i CO-EVOLUTION OF TECHNOLOGY INDUSTRY AND INSTITUTIONS

Evolutionary theory has so far been illustrated only in the comtext of technological
diffusion. However as already pointed out the radical transformations associated with
structural change also need to be explained and this section describes some of the
research programs focused on a paruecular aspect of that change - co-evolution. The



recognition of the role of boundary conditions in radical transformations of an economy
has led to considerable research into the co-evolution of technology, industry and
institutions. The nature of the institutions included in these research programs varies from
industry and trade association to what may be broadly called ‘cultural” institutions where
the changing economic relations inter-act with the social relations in which they are
embedded to change these as well. this change then impacting back on the WAY eCOnomic
activity is evolving. Perhaps one of the most highly developed areas of co-evolution
research, has been on the relationship berween indusiry and science where the research
carried out in a particular field of science mitiaily arose in response to the demands of
industry, after a key technologieal breakthrough had established that industry. Rosenberg
[1982 ch. 7] highlights what he calls the “classic case” of solid state physics where
industry was teaching academia after the introduction of the transistor. The rise of the
“rechnological society” has led to the proliferation of areas in which daily economic life
has become closely linked with science, defining the direction that science will take, As
Nelson [1995] points out. this nexps frequently requires firms to torge links with
universities, with ramifications not only for the science faculties. but also related faculties
- such as law and management - as well.

Another area where there is considerable evidence of co-evolution, is between cconomic
activity and cultural institutions. Economic relationships are embedded in social
relationships so that if the economic relationships are to change the social relationships
will need to co-evolve with them. Even in so-called traditional societies this co-evolurion
is going on as Little [1995] pointed out in the case of East New Britin's (P.N.(3.)
economic development.

[he importance of having economic relationships embedded in social relationships so
that both may co-evalve has heen stressed by Granovetter [1985]. To Granovetter the
svolution of subcontracting relationships embodving informal tes 20 bevond contracts,
becoming the basis for the trust on which economic relations must rest. Such relations
obviously require proximity thercfore offering on alternative explanation for the spatial
concentration of economic activity disdnet from externalities and agelomeration
economics, But this proximity offers more than economic relationships: it enables social
relationship to be re-inforced at the same time ensuring a particularly reinforced form of
embedding. It is this co-evolution of social and cconomic relationships awhich this
theory™s protagonists argue. will lead 1o the £conomic growth of a region where ever such
a program is introduced,




&. THE CONCEPTUAL PROBLEM

Implicit in these 2 models is 2 marked dichotomy in the way an cconomy is perceived 10
grow over time. On the one hand it is seen as an outcome of the way resources are
devoted between present and future production/consumption with the significance of
structural change being restricted to the need to conserve the integrity of the economy.
(n the other hand it is technological chanses: embodying both technical and
organisational innovations, which are seen as leading 1o structural change and sustainable
economic growth. How do we cope with this dichotomy? The answer is of course that we
don’t: it’s ignored. This 1s most readily scen in exercises aimed at measuring the differemt
factors contributing to structural change within an economy. Usuallv it is done by
breaking down the change into such items as domestic demand (perhaps broken down
inte 1ts  individual components), export demand ete. and iechnological change.
Technological change is usually defined in terms of the increase in intermediate inputs
required to produce a unit of output of a commodity while domestic demand would be
defined as the increase in final demand for that commeodity. [see Kubo, Robinson and
Syrquin, 1988 p.130]. Using a general equilibrium framework Dixon and McDonald
[1995] pose the issue of measuring structural change as;

AN =(ABY(C+] . ... 1+ B (AC)+ B (Al)......
Where X is the vector of industry outputs
B 15 the Leonuef inverse
C. I..... are vectors showing the compeosition of the final demand
aggregates [p.9].

They go on to point out that the terms on the right hand side of the equation are
interrelated [ibid].

Now my point is that such a breakdown is quite arbitrary in terms of fundamental
causation. Measuring smuctural change in this way has 2 imporiant consequences for
assessing the contriburion of technological chanze:

(1) The most imporant aspect of technological change - the decline in pnmary
inputs per unit of ouwput which is often associated with increasing intermediate
Inputs - is completely ignored.

(i} Any increase in final demand output associated with the fall in primary inputs
and hence costs, 15 then ascrbed o an mcrease in demand.
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The pattern of economic change shown by 115, cities illustrates a more general problem [
have with the way growth accounting attributes causality. Attnbuting an increase in
output 1o an increase in the supply of labour regardless of the structural transformations
taking place may have limited meaning. The increase in voung college-educated female
employment which took place with the growth of the producer industries, was the result
of the ransformation of industry structure in large cities, not the result of an increase in
the supply of that type of labour. There is no reason to believe that that particular labour
supply would have been any less in a large city such as Youngstown. Ohio, than it was in
any other large city. But that employment was not generated in Youngstown because that
particular urban economy did not transform ftself and as a result failed to arow, This is
strongly suggestive that the ability to absorb an increase in factor supply is not
independent of prior structural transformation, as it ic frequently assumed to be in growih
accounting exercises,

This brings me to the core of the issue as to why it is necessary to determine the nature of
causation between growth and development and to determine which comes first This is
not an arcane academic question because the policy basis for accelerating growth is
dramatically different under cach paradi gm. In the case of the primacy of srowth we look
for deterministic cause-effect relationships which will impact on growth: following Lucas
model we would look to increasing education. In the S.D.0. model there are no
deterministic cause-effect relationships. Although leamning is a crucial aspect of their
model any increase in education {e.g. external learming) docs not, as was the case in
Youngstown, automatically lead to an increase in growth rates. It can only do so within
the context of certain transformations taking place and of course different tvpes of
transformation will require different tvpes of “education’. The policy implications of this
approach are how to facilitate this transformation process which will bring about the
requircd change in structure: not the search for cause—efiect relationships that in some
mysterious way are supposed to transcend the structure in which they are embedded.

7 THE RESEARCH PROGRAM

The mim of the research project is to seek to understand the role of technolegical and
hence structural change in economic growth by studving what happens to growth in the
absence of technological change That it is why is being carried out in the" Philippines.
Structural change and growth cannol be separated where technological chanpe does
oceur. because both models would predict structural change and growth to be associated
with that technological change. Besides there is impeccable scientific precedence for this
approach. Darwin's visit 1o the Galapogos lslands to help in formulating theories of

-

evolution. where relatively little had occurred.
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The way i1 1 miended 1o cammy out the program is,

{a) First to measure the degree of structural change that has occurred within the
economy over the penod of the early 605 1o the early 90s using the patiern of
cmployment change. This will of course be more than the change in the broad
sectoral composition of employment: it is necessary 1o determine the exient 1o
which new industties are being generated within these sectors rather than
mcreases in emplovment simply being added to existng activities. It is also
important to determine the extent o which any increasec in activity is associated
with increased sales of intermediate output as these are a more accurate reflection
of structural change than the changing sectoral composition of employment.
[Carter 1970] whatever the level of disaggregation. However this would onlv hold
if the increasing imermediate inpuls were associated with declines in certain
primary inputs - especially labour. It is particularly importamt 1o try to gauge the
extent to which there has been increasing intermediate sales from the producer
services industries, not only because of their role in developed economies, such as
the L5, and Singapore but also because of their rapidly increasing significance in
countries like Malaysia [Behuria & Khuttar 1994].

(b} Second to determine whether those industries/sectors which have underzone
some degree of technical change (as measured by falls in their direct primary co-
efficients) have had a dissimilar pattern of output change to those
indusinies/sectors which have not and try to account for such differences.

Finally why undenake the smdy only in the Philippines’ rather than camying out a
comparison of productivity changes and growth across a number of countries? My main
reason for not adopuing that approach is that any statistical relationship based on cross-
country comparisons is unlikely to be verv satisfactory, for two reasons:

(iy 1 am not surc h'nr much credence can be put on a statistical relationship
where :E'['u:: i';"'_ : between the primary variables -  technological

been pointed out, history, the institutional
racture will all impact upon the way structural
s difficult to see how these secondary variables
siandardised for within a cross-couniry

1 therefore believe it is nesessas s the study within the context of an individual
country. It maw seently f=st individual elements in the results,




BIBLIOGRAPHY

Abernathy W. & Utterback J. (F975} “A Dynamic Model of Process and Product
Innovation™ Omega, 3(6) pp. 639-56.

Baumel W.J. & Benhabib 1. {1989) ‘Chaos: Significance, Mechanism and Economic
Applications’ Journal of Economic Perspectives vol. 3 No, 1 pp. 77-105.

Behuria S. & Khullar R (1994) fmtermediate Services and Economic Development: The
Malaysian  Example. ADB., Fconomic Development Resource Cenire.
Occasional Paper No. 8.

Bronowski J (1976) The Ascent of Man London: B.R.C.

Carter. Anne P. (1970) Structural Change in the American Ecorany Cambridge Mass:
Harvard University Press.

Chenery H.B.. S Robinson and M. Syrquin (eds.) (1988) Irdusirialization & Growrh
World Bank: Oxford University Press.

de Dies. E.5. (ed) An analvsiv of the Philippines Economic Crisis Quezon City:
University of the Philippines Press,

Dixon P.B.. & Daina McDonald U1993) dn Explanation of Structural Changes in the
Australian Economy [986-87 10 [990-0] EPAC Background Paper No, 79
Parkes: AGPS.

Dosi G, (1988) "Snu.r-:es,.chedurcs and Microeconomic Effects of Innovation.” Jowrral
af Economic Literamre. 26(3) September, pp. 1120-71.

Dosi G. et al. (eds.) ( 1988} Technical Change and Economic Theory London: Pinter.

Dosi G.. Teece D.J. & Winter §. (1992) Toward a Theory of C orporse Coherence:
Preliminary Remarks. in Giovani Dosi. Renato Gianneni, Pier Anselo Tonine
(eds.) Technology and Enterprise in a Historical Perspective; Oxlord: Claredon
Press.

Feyaman R.P. (1992) The Character of Physical Law Harmondsworth: Penguin {First
Published in 1963).




Gleick 1 (1991) Chaos: Making @ New e
1988,

Granovetter M. (1985) Economic Action and Social Swocewe: The Problem of
Embeddedness American Journgl of Sociology vol.95 No. 3 pp. 481-510.

Heiner R_A, (1983) The Origin of Predictable Behaviour dmerican Economic Rview vol.
73 pp. 360-593.

Jacohs, Jane (1972) The Economy of Ciries; Harmondsworth: Penguin (First published in
1984).

(1986} Cittes and the Wealth of Nations; Harmendsworth: Penguin (First
published in 1084),

Klein B.H. {1977} Dynamic Economics, Cambridge Mass: Harbard University Press.

Klepper § & Graddy E. (1990) The Evolution of New Industries and the Determinants of
Market Structure, Rend Journal of Economics, vol. 21 No_ | pp 2744

Kubo Y. Robinson R & Syrquin M. (1988) “The Methodology of Multisecior
Comparative Analvsis” in Chenery HE.. S. Robinson and Syrquin M. (eds.)
Industrialization and Growth, World Bank: Oxford University Press pp. 121-147.

Little F.M. (1980) Dirban Development as an Instrumenr in Regional and National
Economic Development, Monash University, Department of Economics Seminar
Paper No. 3: Brisbane.

(1993} The Development of a Development Economist (With Apologies 1o
Conrad Waddingron) Griffith University School of Economics Working Paper
No. 3, Brishane,

Little F M. and Carter R.A. (1979) Lirban Development Economic Developmenr arnd
Growth: Melbourne. Melbourne Metropolitan Board of Works,

Lucas RLE. (1988) “On the Mechanics of Economic Development” Journal of Monerary
Economics vol. 22 pp, 3-42.

Nelson R.5. (1969) “Recent Evolutionary Theorizing About Economic Change’ Journal

of Economic Iﬂﬂm*ld. mﬁihhmh pp. 48-90,

-----




8

Nelson R_R. & Winter 5.G, (1974) “MNeo-Classical vs. Evolutionary theories of Economic
Growth’ Economic Journal vol. 84 December pp. 886-905.

Nordhaus W, & Tobin I, {(1972) "Is Growth Obsolete” in B. Crordon {ed.y Economic
Research: Retrospect omd Prospect, Economic  Growth National Bureau of
Economic Research. New York: Colombia University Press.

Prigogine 1. (1980) From Being 1o Becoming: Time and Complexity in the Physical
Sciences: San Francisco: Freeman.

Prigogine I. & [sabelle Stengers (1985) Order Owr of chaos: Man's New Dialogue with
Nature: Hammersmith: Flamingo.

Rosenberg N. (1976) Perspective on Technology: Cambridge: Cambridge University
Press,

(1982) nside the Black Box: Technology and Economics: Cambridge;
Cambridgze University Press, -

Savioti P. & Metealfe S, feds.} (1991 tvolutionary Theories of Economic and
Technological change: Reading, Harwood Academic Publishers.

Schumpeter J A, (1950 Capitalism, Socialism and Democracy: New York: Harper &
Bros. (3rd edition)

(1951} The Theory of Economic Developmens: Cambridge, First
Published 1934.

Silverberg G.. Dosi G. & Orsenigo L. (1988) ‘Innovation and Diffusion: A Self-
Organising Model” Ecomomic Journal Dec. vol. 98 pp- 1032-54,

Steward [ and Golubitsky M. (19973 Fearful Symmetry: Is God o Geomerer?
Harmendsworth; Penguin (First published 19923,

Utterback 1. (1994} Masterine the Dyramics of Innovation: Boston: Harbard Business
School Press.

Waddington C.H. {1977) Taols for Thoughe: St. Albans: Paladin,




