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A DEVELOPMENT GAME: DECISION MAKING IN A
SIMULATED LESS DEVELOPED ECONOMY

CLIVE BELL

Curve BELL was born in 1943. He read Mechanical Science and Economics at
Cambridge, and then took an M.A. in Development Economics at the University of
Sussex. In 1967 he joined the Institute ofDevelopment Studies where he is currentlythe Shell Research Fellow in Economics. His main interests are in the fields of
Planning and Unemployment in less developed countries.

I Introduction

All simulation models arc influenced to some degree by the nature o1 the problems
to which they are addressed, or the use which is ta be made of them. In general, the
scientist-whether physical or social-effects a transformation of the real world into
a representation. However, the quality and extent of that transformation is
not arbitrary; it is shaped by the scientist's perception of the problem he faces.
Certain aspects of reality may be simplified drastically in some cases, but not in
others; certain variables may be included, others discarded. Hence the need
for a brief s'.ctch of the background to the development of EDSIM. This may shed
some light on a factor which has played a powerful role in determining the structure
of the model, as well as providing a rationale for a project which is rather ambitious

One of the main activities of the Institure of Development Studies corsists in
designing and running a series of seminars on specific problems which confront less
developed countries (LDC's). A major objective of the seminars is to improve the
ability of senior civil servants from such countries to make rational and well-informed
decisions. After some initial experience with these courses, it was felt that some of
them would benefit from the introduction of an exercise which simulated certain
features of the development process, This constituted a fairly vague brief, and in the
absence of any information on a suitable extant Game, work began from scratch
early in 1968.

The basic concept crystallised very quickly. The core of the Game was to be a
mathematical model of a less developed economy which would be sensitive to the
stimuli provided by a group ofeconomic decision variables, Although this "economy"was to be open to international trade, formal interaction among players was excluded.In this way attention could be focused entirely on structural interdependence, a bias
which is a reflection of the author's primary interest the problems of large LDC'ssuch as India, Pakistan and the UAR. There are, of course, a large number ofsmall,
mono-crop economies whose development depends heavily on the outcome of a
particular n-person game. But that situation demands a radically different treatment
from that which is described in this paper.

in relation to the complexity of its subject.
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The first estimates of the size and complexity of a model Possessing the rightcharacteristics proved to be wildly optimistic. This was due partly to inexperience,However, as the number of elements (not to speak of equations) grew draft by draft,it became clear the reason lay quite as much in the process of having a dialogue withonesvif as in some law of inexorable escalation. At each stage, the following questionsposed themselves:

(i) In relation to the overall objectives, does the "economy" have a sufficientnumber of properly constrained economic activities and actors?
(ti) Would a planner expect to have at his disposal at least this number and thesekinds of policy instruments ?

These questions were provisionally satisfied whea the model was defined by about

So much for the preamble. We now turn to the structure of the model,
II The Modet

This hypothetical economy produces five sorts of goods: food, raw materials, a'manufactured consumer good, machines and reclaimed land, with the aid of threeprimary factors ofproduction: labour, land, and machines, The production processesformanufactured consumer goods ("textiles") and machines also require intermediateinputs of raw materials and of a good which cannot be produced domestically. Withthe exception of land, all goods may be imported, whereas only raw materials andtextiles may be exported.
The agricultural sector, which produces food and raw materials, and the textilessector are privately owned; machines and reclaimed land are produced by govern-ment opcrations, Firms in the textiles sector have shareholders who channel part oftheir savings into fixed-interest government bonds, Hence the society has the classicalclass categories of workers, capitalists and rentiers. Although workers do not save,both rentiers and capitalists do so. The savings function may therefore be describedas quasi-classical.
The population is currently 25 million and population growth is confidentlypredicted to be 2.5 per cent per annum throughout the foreseeable future. Of these25 million, just under half are ofworking age. The labour force is growing at 2 percent per annum initially, but it will accelerate later as the effects of a recent fall ininfant mortality rates work their way through the age-structure of the population asa whole. The only major natural resource the country possesses is some cod culti-vatible land. About 20 million acres are currently under cultivation, but surveysindicate that an additional 5 million acres could be brought into use throughreclamation and irrigation schemes.
That, in barest outline, is the shape of the economy. Its salient feagtires are nowdescribed in detail. We begin with agriculture by virtue of its importance-itaccounts for more than half of both GNP and exports in the current period. The

ownership of land is concentrated entirely in the hands of a fairly small group of rich
peasants. The remainder of the rural population form a large proletariate whose onlymeans of subsistence is through wage-labour on the kulaks' farms. The kulaks are
128

well aware of the range of production possibilities and constraints which face them.
These are represented by Cobb-Douglas production functions for food and raw
materials, Labour may be switched freely between food and rawmaterial production,and newly purchased land and machinery likewise. However, existing land and
machinery may be switched in limited amounts only in any one year. This switchingconstraint may be interpreted as both technical (crop rotation) and behavioural (risk
aversion). Uncertainty regarding the weather and the close proximity of bare sub-
s.stence combine to impose yet another constraint: certain minimum inputs of Jabour,land and capital are committed to food production however profitable it may be to do
otherwise,

Within these technical and psychological constraints, the overriding feature of the
kulaks' behaviour is that they attempt to maximise their expected net incomes in the
current year, They base their price expectations partly on the prices of food and raw
materials which ruled in the preceding year, and partly on the price support levels
to which the government has committed itself for the current year. The investment
criterion is a simple one. Current investment in machinery or land proceeds to the
point at which the expected marginal value product of capital or land equals the
current interest charges on a new machine or a newly reclaimed acre. The money
wage in this sector also depends heavily on price expectation. It comprises a sub-
sistance minimum and a "bonus" which is related to the expected marginal value
products of labour in the production of food and raw materials. This web of expecta-
tions, together with maximising behaviour and the above constraint set, determines
the demand for, and the allocation of, primary factors of production in privatelyowned agriculture.

The third production activity in the rural sector is organised by the state. At the
beginning of each year, the government makes an ex anie estimate of the numbers of
agricultural workers who will not find employment on the farm. It then offers the
same number ofjobs at the current money wage ruling in the rural sector. The labour
supply schedule is such that in the absence of any other constraints, these jobs would
always be taken up. However, if the number of such employment offers rises very
rapidly from one year to the next, organisational difficulties will prevent recruitment
reaching the desired level. The labour which does find effective employment in this
scheme is used in rural works programmes aimed at extending the area under culti-
vation. No machinery is required in this activity, but sharply diminishing returns
appear as the total land area in use approaches 25 million acres,

The production of textiles and machincry is concentrated entirely in the urban
sector. Although the textiles industry is privately owned, it is not monopolistically
organised. Moreover, as the production function is of the Leontief type and manu-
facturers do not carry stocks, the competitive nature of supply implies that all firms in
the industry will work at full capacity-subject to the availability of variable inputs.The demand for investment in this industry is governed largely by the volume of
retained post-tax profits; but expectations of future profits and demand also have an

for labour in this sector is determined by the level of production. The money wagerate is appreciably higher than that ruling in the agricultural sector, but the two rates
do bear some general relation to each other. A major difference is that trade union

>

che
and

constraints, ofwhich three-quarters were behavioural or structural

rates. The demandimportant influence on demand, as do past capacity utilisation
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pressure keeps urban money wages rigid downwards, and there is also a retrospectiveadjustment for changes in a cost of living index tied to the price of food.The state-owned machine building industry has a number of features in commonwith the textiles industry. Fixed factor proportions and constant returns to scale rulein production, although government policy can aim at deliberate overmanning as ameans of reducing the level of open unemployment . Money wage rates are the sameas those prevailing in the textiles industry. There are also a number of significantdifferences. The period of production is a full year, so that current inputs do notyield any new machines until the beginning of the following year. Moreover, thegestation lag between the installation of a new machine and the time when it comeson stream is at least two years in the machine building sector, compared with one

the rate of technical progress depends heavily on the gross investment rate. Such-Arrovian "learning-by-doing"' effects are particularly strong in the production ofmachinery,
Government intervention and activity also extend into a number of other areasof the economy. If there is excess demand for any good, or factor, the state corpora-tions have first call on the available supply. Excess demand for raw materials ornon-substitutable imports raises the price only to the private sector, but excess demandfor labour increases money wage rates in all sectors and accelerates the drift of labourinto the towns.
Less directly, perhaps, the state also conducts a number of operations in domestic

prices can be supported by buying to add to stocks, but the extent of such buyingmust be chosen ex ante. A marketing hoard handles all transactions, both domesticand foreign, in raw materials. The price guaranteed to farmers is set by the centralgovernment at the beginning of each year, but the selling price in world markets isleft to the discretion of the board. As it happens, the structure ofworld supply in this
good is oligopolistic. Quite rationaily, therefore, the marketing board operates onlyon the elastic part of the demand schedule in an attempt to maximise its foreignexchange receipts, even at the cost of accumulating large stocks,The market for capital goods is a crucial component of the economic mechanism.

the state sector is a policy variable, while the remainder is sold to the private sector
through the state bank. All sales are made on credit terms which extend over ten
years and incur annual charges which change peri passu with changes in the rate ofinterest. The function of this bank is to vary the price of new machines within achosen range for the rate of interest until the market is cleared.A more familiar option open to the government is that of levying income taxes onurban wage-earners and al] profits, and imposing purchase tax on manufacturedconsumer goods. The latter are also subject to export and import taxes, but the
degree of state control over foreign trade is far more extensive than is commonly the
130

case, Apart from the operations of the marketing board for raw materials, the state
is the sole importer of food, machinery, and the non-substitute good. In fact, the
import levels of all goods, with the exception of textiles, are policy variables subject toan overall foreign exchange constraint. This is set by a level of foreign exchange re-
serves at the beginning of each year plus the amount of net aid received during the
same year. The level of aid disbursements on easy terms (so-called "soft" aid)fluctuates in sympathy with the climate of opinion and aims of foreign policy in the
rich world. Ifmore aid is nceded, the terms will grow rapidly less favourable. Repay-
payments of past loans are, of course, determined by past decisions.

So far, the discussion has been cnafined largely to the process of decision-makingin production. But these in turn, lead to demzans for factors, and hence generateincomes. The chain is thus completed by a link between disposable incomes and the
supply of the two consumer goods. The supply of foodgrains and the nature of
government intervention has been described above. The supply of textiles dependson exports and imports, as well as on production; and both are dependent on the
domestic-world price ratio for that good. On the demand side, the income elasticityof demand for food is high for workers, but low for rentiers and capitalists. Hence
the coxmposition of demand for food and textiles is dependent both on the distribution
of income and on relative prices. When this market for consumer goods is in equi-
librium, the annual cycle of economic activity is complete.

year in textiles and no lagatallin agriculture This l g may lengthen to threeon some mvestment if there are pronounced shortages of foreign-trained personnel,
years

Technical progress is also present and is embodied largely in new machines. Thus

TH EDISM as an Educational Device
Players may attempt to control the pace and direction of development of the

"economy" bymeans oftwenty-three instrumental variables. Most of these have been
Tentioned in section II, but for the sake of completeness, they are listed in Appendix

The sheer complexity of the model is not the only problem which players face.All production processes are subject to normally distributed stochastic shocks
analogous to the vagaries of the weather or teething troubles with industrial plant.Hence some combinations of policies will raise the variance of outcomes more than
others, Among the exogeneous variables, the trend ofworld prices, and the volume
of "soft" aid are set by the umpire. He might just prove to be more capricious than
a mere random number generator. And as a timely reminder that the development
process is not purely mechanistic, certain distributions of income will spark political
upheaval. There is, however, no set of outcomes which will "win? the Game.
Players are required to formulate in advance what their objective functions are-that
is, they must make explicit the relative weights they attach to, inter alia, growth, price
stability, balance of payments, the distribution of income, and independence of
foreign aid. Each team is then assessed according to two criteria:

markets It may intervene to prevent food prices from rising above-though notalline below-some price evel in advance OT as long as stocks last. Food A,

In any year the total supply of machinery is the of current imports and the
previous year's production The share of current supply which is to be invested in

(i) its success in achieving its initially-stated objective function, modified by:
(11) how difficult that function is to achieve,

A "play" of the Game normally covers some ten to twelve moves ("years") spreadover two days. this number ofmoves is fairly desirable, since it first renders playersprisoners of a past for which they had na responsibility, and then a1lows them to
experience the effects of self-inflicted mistakes,
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At the most general level, it is hoped that the educational impact of the exercisewill lie in the fact that players will be faced with the problems of controlling a com-plex, highly interdependent, multivariate system. A rapid learning process throughintelligent analysis of the system's behaviour in response to the instrumental stimuliis therefore of critical importance, However, the best ways of using the game and thelessons to be drawn from it depend heavily on the user. In the case of civil servants,for example, the main purpose js to teach that variables are interrelated, rather thanhow they are interrelated. Practical men often work explicitly, or more commonlyimplicitly, with very simple and occasionally uni-causal models. The purpose of thisexercise is to wean them from such intellectual habits and to open their minds to theneed for the analysis of complex systems. The aim is more in the nature of a therapyfor intellectual cramps than the preThe scope for students

oreover, the programme need not be used in the "play"It can also be used as the basis for exercises in comparative statistics orsensitivity analysis.

IV Experience with EDSIM
At the time ofwriting, teaching experience with the Game is limited to a "play"on each of two seminars: one concerned with issues in Aid and Trade, and the other

The teams were intentionally heterogeneous in composition, though in view of thegreat range of countries represented, they could scarcely have been otherwise. Itwas hoped that the preliminary stage of agrecing on objectives and strategy wouldproduce a strong interaction through the shecr diversity of the participants' back.

Policies to achieve them. As the "play" proceeded, the factions tended to re-groupas the impact of the model's behaviour became more important than professional]experience. Objectives, too, were re-assessed, but to a lesser extent than policy posi-tions. None of the six teams concerned attempted to draw up quantitative plansbeyond the immediate "year". Foresight or-more frequently-force of events, ledto revisions in strategy, but only in a purely qualitative way. Even in the transitionalphase between one strategy and another, the planning of quantitative policy did notappear to stretch into subsequent moves.
Only one full evaluation was carried out. Various combinations of large-scaleunemployment, stagnation, and inflation had occurred at some stage or other, andthese symptoms of failure attracted more attention than specific success. Certainlythe "'validity" of the model came in for a deal of criticism, especially from participantsfrom small countries. Yet it was agreed hat the exercise had confronted the teams
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with a broad perspective on many economic aspects of development, and the main
stress on the importance of structural interdependence appeared to be well taken.

The usefulness of the model does not end at providing a teaching device: it
The

first is new sub-system for education, thereby giving rise to two categories o
The second involves the possibility of radically transforming the composition of out-
put and the structure of the economy-principally by means of import substitution
and "learning by doing". 'The model would then assume a form permitting very

questions in this context are: does the model possess unstable domains; which
are sensitive to which instruments; what is the impact of parametric variations;

Two obstacles to major changes of this kind are the difficulties of expressing po
and sociological variables in quantitative functional relationships, and the fragi ity
of interdisciplinary sympathy.- The real block, however, is posed by the presen

and social, as it is economic. The able and sceptical political scientist who remarks:

part of the exercise, these arguments lose their force. As Myrdal has shown, many °

tage accruing to Britain through the dominance of free trade theory in the last coutury.
How is it, therefore, that only those economists who build simulation mode s are
guilty of using their discipline as a vehicle for their ideology?

example, an agricultural as opposed to industrial bias in planning cou
Obvious

how will changes in behavioural assumptions affect the model's performance?
thi

re

d.

Even "Qualitatively infeasible", may not be helpful, but cannot be ignored.

the concepts of economics are value-loaded
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APPENDIX A
EDSIM has thefollowing policy decision variables

Food Imports (tons)
Raw Material Imports (tons)
Exchange Rate
Number of Machines Imported
Gross Aid ($)
Non-substitutable Impor:s 'tons)
Intervention Price for Food ($)
Price Support Level for Raw Materials ($)Rate of Interest-Lower Limit
Rate of Interest--Upper Limit
Price of Land ($)
Proportion of Investment to State Corporation
Purchase Tax Rate on Textiles
Export Tax Rate on Textiles
Import Tax Rate on Textiles
Income Tax Rate on Wages
Income Tax Rate on Profits and Rent
Employment in Machine Building
Employment in Land Reclamation
Number of Trainees sent Abroad
Input of Raw Materials for Machine Building (tons)
Input of Non-substitutable Imports for Building (tons)
Demand for Food Stocks (tons)
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