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Teaching ipernte with 2 Simulgtior Mpdel o
real Commoditvy Sroductian
Eregtract
Tme naper ceneider:z how studenits learn commodity poroductien and cire
culation via gpaming exceriments. We review twc of them.

In the %irct, nlavers run intp reproduction on a decreasing scale
gparevated if npt zaueed bv their pon-cooperative behavicur. In this
gronnomy cocial and orivate henefitz ard coste diverge, Undertaking an
invepetpent a capitzlist firp choosee tvpicallwe that techrniove which
rzuwimizee eraditanilifty, whileg the eprigty ie imborected in that whizh
reoplirgs the pinipur irpuod ol lzbpoe,

In the cegczng, olaverc kring up evtended reorpduction resciving
incompatible nores ang  ceptting rew Drigritiec with accpristed cstea-
tzpies of cnooperative hehzviour, Spcial and individoal interects draw
together conseouently,

Tntroduction

There ic a revivel g¢ in market pcormcav 3213 nver the uwprld,
Ztill views on its are nften cyuperficizl or pven naive, for
iretarce, among becginnirg dentes, Thev could be transéormed inte
deeper underctanding of the sztier bv meanc 2f cimulation pgaming,

Pramatic progrecse in the svetesr dvramize methodoliopy ie apt o be
linked with 3 formaliced evoneitinon nfé econamic laws and non-nbeprved
fzctpre,

Stnchastic and dvnamic shernomera fzirculztian of canital, $luctu-
ztiens, etc,! are ewplicitlv reflected in pgaming evneriments cerried
zut 2t Mavosibirsk Universitv with a eimulatisn model  of  univercsal
commpodity production, .

Thic teaching tnel describes interconnecticne hetween demand, in-
vestmente, production capacities, output, supnlv and orices for three
sggregated branches of 2 capitalist economv {Yaltukh and Ppsen (9223,
&n  pndopennue diffusign of innovations copcidered istill rather érap-
mernfarvl 3 ceparate component of the generation of new technology.

It turne out that clevers (punere of privete $irme} proceed ir
zccordance with  laws of capitalist reproduction, For evample, a stu-
feni ceon detect end investigste using selé-acovired evperimental date
Tarzeouences 24 the  law  of value funeawal ornfitability of various
techkrnplogies and firps. movemente of relative prires, etc.),Qtudents
=ind  out  that greed for orofit {c a strong incentive to risk-taking,
irngvation and crestivitv, Thev pav attertion to the seezmv side of the
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zcapomy toe funemsiovment,

The model woven through
3rasg 3 necess +v 34 n
v

The paper is organized a2c follows, Theg next zection opresents  the
mepdel  sacrificing 2 mathematical degcriptipn in the hope ot 2chieving
greater clarity of fouyrdations under the soace constraink, Later on
tuwn aprlications pf this pedel are hrigflv eramined, Whilep studerts at
the junigr level d4id npt aczomelich effective econemic  growth,  the
elder fellpowehin mpdifipd surccessfullvy npt only stratepies  and
assumoticns 2gt the verv normz of behavigur nerhanz t'ansltgﬂz feonm
single-lgep tr double-lson learming ik, Broveie  and Schbn 1973,
12-29), ) )

The mcdel and sisnlifications

here is 2 unified market <faor
labour power, The unitv of the mar
izing of commoditieg of disfgrant o
mcdiiies ot a definite kind ha
credit market in the 2conamy, oriva
not  taken ipto accournt, Bupnlv of
nous magnitude,

Everv sector consists 2f a number gf girgle-alant firms, Each of
them wuses a unit techrnoleogv and ic a monepreduct one. Everv cector
specializes in manufacturing onlv one kind of commeditv in zuch a  wav
that inputs of all c:th»&"= 0 lapbpur are indispencable, It
i5 assumed that in all == orocducing elements of  fived
assets a “firm’cs cutout i clugively for the markest., Ever:
zapitalist a2wne 3 definits ras lone or two) whizh i3 less
than & number 0f sector us the pescibilities of natural
zconamyv angd of autarchy ar 2 abstract 4rom intgrnaticonal

elatiogne.

2oth the pericd of oroduction and the construcition lzz  egual  aone
vear.

Functione ofé mgrev, whizh can circulate or Be  hoarded, are
attached to the *fircst commpditv, The commoditv not galed ie automati-
z3llwv transformed intn monev, :
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4 tntal demand ig compared annually with 2 fnta
mmodity. The minimum is traded at the pri
svel nf sxcess demand. The orice of the firs
denticallv one. Demanders or supbdliers are or
pending an the demand-zupplw ratin,

g a]
K
5
+
-
-

tﬂ

Products of the first sector are a raw material fpr the seco
$cr the third sectors. Products 2f the second sscior conetitul
nte of fived assets in all sectors. Products of the third sect
sad 43 3 raw material in the first and in the second sectars. Final-
lv, nroducts of the second znd 2f the third sectors are privatelv
onsumed by werksrs,

fﬂ

[24

l'l

The regraductisn iz reflected with a helso of 2 dvnamiz
irput-putout model with technological methods of productise. Zach kind
o¢ commodities can be oroduced hv thres or less  technelegical  aode
Tahle ! =ets out direct input coefficients and coefficients charac-
terising circulation of #ived capital in the ecancmv. Everv elementary
technolegvy can helong to different canztal gts, But initiallv there
arg nine canitalists posseszing nine firms with recpective elementary
technelngies.

Socizl relations o4 the oraduction svetem imply zapital  accumula-
tion for profit, It is ewpected that technologies providing costs of
croduction lgower than social cres are. a2 a2 rule, getting 2 wide
diffusion, Thev hring extra-profit to innovative #irms, Everv intro-
duction pf imgroved modes works oan the new capitsl and on that already

in action,

tn our simuiatizsn meodel irpnovation activitvy is reduced ke sndoge-
nous diffusion of technelogical modes mainlv through imitations bv new
gntrants. Inventions and product inmaovations are set aside.

A capitalist is allowed te construct a "new"” firm with anv piven
technology., There is no problem for him if he has only one "old" firm,
But 14 the capitalist has twe "gld" firpe, a creation 24 2 "new" ‘firm
requires o give up at ieast cre "old" firm, Stacks of raw materials
‘rom closed firms mav be oroductivelv consumed. but their fived assets

are lost.

Firms cannot change the mix of oroducts made in their existing
clants or diversifv oprpoduction., A caritalists enter a sect
through constructicn 2f 32 new cirgle-alant firnm,

The capitalicste were endowsd hv fived assets and rcarital nf cir-
zulation in the basal vear. Yet thev have ant anv materials inventnory
tsge Table 2V,

at the bheginning of the first vear

Plavers {the rcapitalists) are informed about wmagnitudes of
parameters in  the bagal fzerp) vear: orices of cosmedities, nrofita-
Bilitv of tecnological modes zalzulated at these orices fsse Tahle IV,
An aorparizer of the game car charge ewogerous parameters  and
zeefficients i€ it is necessarvy,

Workers' decicions are reduced to determinirg 2 demand for
Zoneymer  poods, This deteramination ig rsarried oyt and nrocessed auto-

matically bv & computer progranm,
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! 2 3
RESOQOURLELCES S ~crocvrmmmmere e m e mm e o e
TECHNDLABICAL MODES
1 2 g 4 Z 5 7 3 29
Mepzne o4 preoducticn
sroduct a, 2, 2. .14 2,72 2,52 2,7% 2,72 2.2
arpduct 2 % 2.24 R.2% R.24 LB7T O p.Ps R.BT Q.27 2,85 , 2=
nraduct 3 2.12 8.'% 2.18 2.1 2,15 92.22 2, 2. 2.
fahour power 1.2 .2 @.5%@ @.82 @.4% .37 (.58 Q2.8 @.7%
Bates of fived
assets renewal .22 2.22 9.7¢ (.80 t.2¢ t1.9@¢ @.i2 B2.183 @.1@

#¥Projuct 2 constitutes slements of fived assets, 1Its inout coefficient
represents  the amounrt of fived assets., in phvsiral terms, whith ic
wearing sut in respect to the additional cost unit., The rate of renewal
represents fixed aszsets wearing out during a veer as z share of total
f#ized assets. This exolanaticn is illustrated bv the follcwing examole.
Let 3 plaver wants tp produce additionallv E@ cost units of the first
commodity using the third technigue, It is necessarv for him to buy and
te inetall 65 cost unitc {in phvsiral terms) of the second commeditv (32
T, 267.23485),

Table 2. Intersectoral and interpersonal distribution of
initial endowments {in phvsical terms)

ECDNDOMIC ABENTS icapitalists?
{ 2 3 4 3 & 7 2 ]
Capital of circulatior
idle monev oY 149 5@ 35 12% I2 14 112 4t
etpcks for sale
commodity 2 1460 &2 2 2 3 2 2 2
commodity 2 2 2 2 44 142 Ik 2 2 @
commodity 3 2 2 2 2 2 i 32 2@ 48
Technpl, identific. numbe- ! 2 I 4 3 & 7 8 Q
Industrv code number ! t 1 2 2 2 I ks 3
Fived assets =Q 150 62 3 2 ! 7 47 22
Production rcapacity 43 122 483 44 142 I4 29 72 4%

Labour value of advanced
zapital (man-vears) 239 731 295 128 444 123 141 143 249
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Tahle 3, Indicators of the basal wvear
TESOURCLCES
Commodity Commodity 2 Commodity 3 Labour power
Frice {monetarw 1 .83 .37 a.32
units/rost units)
TECHNDODLOGTICAL M ODESES
1 2 3 3 g 5 7 3 9

Table 4. GSome gconemic indicators of the reproduction
on a decreasing scale

D oo R e WD D W D D D . DD D G D G s ) T aD D s OO G WDy O 0 an e D N D 3 G5 S D D m A0 D Gn €D D 4D Cn S0 am 0 65 6 65 £ o €D 9D A G S s a0 W

Y EAR

1 2 3 : |3 5 7 2 g
Demand for
labour {man-
vears) # : 487 524 578 598 148 397 187 118 147
Emplovment
{man=-vears) 487 S48 540 1Y 148 97 147 118 147
Direct la-
hour input
{man-vears) 43¢ 37 27% 148 b5 125 34 3t 25
Wage rate
{monetarv units/
mAN=-VRArs) 2.26 8.29 2.3@ 8.32 .03 @2.25 2.24 .22 .91
Investments fin :
phvsical terms) 59.2 34,5 52.6 152.4 181.8 £.8 3.1 2.6 5.12

-0 0 S e N D - 0 Y A D A T D ow D . D e D e e O e e o e S T T s G A R R -

# Supply of labour is alwavs identically 568 (man-vears).
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tet us consider the seguence 2f svnchronised actions of the caci-
te,
F——

lﬂl

tali

-

t.Determining an intermediate demard for means of oroduction  and
far labour power in nhvsical terms under a2 rigid budpet constraint,

2. Determining an investment demand for capital goads in phvsical
terms  for existing and new firme under the corstraint of available
acnev., A capitalist mav cheose far investing anv technelogy according
to data on preofitabilitv and other relevant information.

3. Determining a3 ¢

ammnd suppiv in nhvsical terams, The agentg

gsend onlv guantitv messzages. Everwv canpitalist can supplv commodities
2+ the secand and third secters praoduced in the previgus wear and not
vet saled. As $pr preoducts of the firct sectpr, their supplv in the
surrent vear cannot be more than an amount oroduced in the grevious
vear., Accerding tp rules of the game supplv comprises from 92 to 100
ger cent of the cumulative stoclk ¢ commodities., This restriction

scftens meonppoly effects,

. Learning actual surchizses for intermediate inout and  for  in-

3., Distributing rcirculating cazital between firms and determining
cutput., It must he egual or more than 98 ner cent of the maximal
level, This rectriction is alsn done to coften moncoolv effects,

4, Choosing firme and technologies to he used in the next vear,
a4+ the end aof the r=nund nlavers are informed on recsults of their

economic activitv in the vear of account, New round starts after a
necesgary pausge,

Students started to

learn the economic theory fopk part in the
tirst game., Decision-making was decentralized,

The renrnductior was characterised bv verv deep disproportions
‘zee  Tables 4 and V.4 asartet diceaguilibrium determined uneven
gvramice pf 'elétive prices, Techricgl-ard-econpmizc efficiency of  the
gconomy wag eviremelv louw, The aperating rate was not higher than 2327
in the firgt sectpor, 3J8Y% in the sprcond cée and 3I2% in the third (frpe
the “fpourth t£ill the nineth wvear), The rate 0f unemplevment increased

2

‘to 78-79% {vears 5.7-9), ne
Tabtle 4}, The oroduction =a
respurces,

r 4% pnf emnlovees were inactive izee
grv orodigal with its human and material
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Tahle 5. Prices (mnnetarv units/cost units) and other indicatars
{in phvsical terms) nf reproduction on a decreasing scale bv branch

4 E’ Q =]

1 2 3 4 S & 7 8 g
Supplv of
commoditv 1 272 213 144 153 54 28 28 11 8.8%
Temand for ’
commodity | 179 152 193 24 187 191 434 77e S47
Output of
sactor ! 221 154 154 =5 21 21 11 2.8% 3
Brogduction canacitv
2% sector | 224 177 174 22% 122 127 A7 =23 az
Investments in
zpctor | 2.2 3I2.% 24.2 2.8 28.5 2.3 2.1 2 2.23
Supplv of .
commedity 2 234 239 472 488 187 13 25 41 88
Demand for
commodity 2 280 217 3% 431 229 1469 17 12 28
Qutout of '
sector 2 23 443 284 143 i1 28 2 e 33
roduction capacitv
¢ sector 2 242 521 15934 2298 518 2232 23 178 1467
Investmerts in
sactor 2 27.1 52.1t 27.8 74.9 435. 5% 8.4 3.8 2.4 .1
Price 8¢ the se-
cond commodity .99 .32 2.91 2.95 .22 17.85 14,5 9.42 .48
Sunplv of
commadity I 134 184 79 1 22 74 149 158 14%
Temand for
commodity 2 118 159 135 117 1 27 4 17 21
Outout of
sector 2 141 47 2 23 54,8 123 17 2 2
Production capacity
3¢ sector 3 143 154 9 23 115 237 228 205 167
Investments in ) .
sectar 3 2.% 2 11.4 92.4 35.7 3.3 2 2 2

b
Frice of the third
commodity 2.97 8.34 1.98 242.9 14.91 S.39 2,82 1.%5 @.83°
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Table 6. The efficiencv indicators of reornduction
on an decreasing scalef¥?

YEAR

i 2 I 4 S & 7 8 g
Operating rate
in sector 1 98,7 94,5 89,3 24,7 7. 15,5 14,7 B.22 19.%
fperating rate
in sector 2 28,4 73,2 24,9 17,2 2.2 1.y I7.8 28,1 290.2
Operating rate
in szectaor 2 22,4 IR, 2 2.2 29,9 47,8 47.% 7.7 2,74 2
Ratip cf dirsct
labour input teo
emplovment in
the econgmy 93.9 95,7 49,1 28,4 11,8 I1.7 24,5 24,3 1S.5
Rate 0f unemp-
logvment 12.8 2 2 2 73.68 29.1 73.8 78,9 78.2

Tech YEARS Final
nologv 2 i 2 3 ) 3 & 7 8 Sum ranks
1 3 4 4 2 £ 3 2 i Z 332 1.5
2 5 3 ) z 5 ) 1 2 2 33 1.5
3 8 7 3 4 4 & 2 1 1 b3 Z
E 9 9 9 b 3 3 9 9 9 45 9
g ] L] 8 1 2 2 7 7 3 42 7.%
< 1 4 7 5 1 1 ] ] 7 45 4
7 2 1 1 7 9 9 & & A 27 &

3 7 3 2 9 7 7 4 4 5 49 7.2
9 ) 2 2 8 8 3 b g 4 44 =

Table 8. Distributicn of investment orniscts

Tech- YE AR Sum Final
nologyv 1 2 3 4 b & 7 8 s ranks

1 1 - 1 - 1 - - 1 5 3.2

2 - { - - 1 - 1 - - 3 t

3 2 2 1 1 1 - - - 7 b

4 I 2 3 1 1 1 3 1 2 18 3

bl - 2 2 - - 1 1 2 1 g 7

4 1 1 2 { - 3 { 3 12 3

7 - - - 2 2 - - - 4 2

a 2 3 - 1 - - - 5 g

9 1 - 1 1 1 1 - - - 3 3.5
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Juring nine vears 4% invectment orojects were carried oui,
including 42  {p1%) aimed at an extensiopn of giver oroductior
canacities, 1@ {{4%)} connectied with opening of new firams by canital-

n sectors pf their previpus activity, 17 {28Y%) represented new

We think, the fact that nearly two thirde 0f the number of all
projecte intended for extended reproduction eof ewisting firms follouws
from the necessitv for compensating the advanced canital embodied in
factorv buildings, machinery and -ecuipoment., Moral depreciatian of
fived capital results from unegual orofitabilitvy of technologizal
modes in everv sectoer., Fixed assets of lecss profitable modes should he

zonsidered merailv obsolete, Closing a #irm its owner usuallv suéfers
iosses if «capital «coet amertization is far from beinc comeleted. In
aggition, there is ipportant restriction in this gamer an owner ¥
twp firms loses assets of one or twg of them at his discreticn
atter investing to w technaliogvy,

Yet venturers can try to set off 3 loss by means ©f new endeav-

surs. Tables 7 and 8 list ranks o4 technologies according to both in-
dicaters (a profitabilitv level and a number of investment oprojects
2ngaged). Spearman’s rank correlation coefficient betuween 4inal ranks
wae equal teo B.E5 {coprerticrs uwere disregarded), This magnitude seems
te be significant., I would add that new entrants 4id neit choose anv
technelogical mode with the lowest profitabilitv inside a secinr,

Table 9 setz out data on relative prefitahilitv of the zectors, A
$ipw of capital to sectors with higher orofitabilitv wae illusrated bv
the fact that final rankz of zectors ardered according to  their oro-
fitability. on the one hand. coincided with ranks of these sectors
crdered according to cumulated net investment. on the aother hand.

Sectoral profitabilitv was alsc congruent with corresponding firm
turnaver: the higher orcéitability, the higher either opening ar
ciposing rates f{cf. Tabl,i®). This 4inding tentatively suggests
srofitability as the <characteristics of industrv that gives rize %o
across industry differences in turnover {¢f. Dumne. Roberts ard Samu-
glson 1938),

& deficiency of rescurces and/or 23 low profitability declared to
be the immediate reasor behind <$irms closing., Plavers preffered 2
2artial closing of business with redistribution 2f resources in favour
of more profitable sectors to 2 whole clesing of their firms,

Despite of these signs cof ratisnalitv an  the microlevel, there
uere two severe cricses in thig economv. The first ore burst up ir the
secznd and third vears, At that time the third zecior wag unporafitahle
hecause of excess zupplv 0f its rommpdities alreadv in the first and
zecond vears. Capital fled this secter, Almast all stacks of itg
coemodities were saled in the third vear. Vet a demand for them was
c'1=k and became unsatisfied, The relative nrice of the third commo-
di grew ¥ollowed by profitahility 0% its opreduction. The

bae

it
ntnrcec*nral flow of capital radically changed its direction.

A behavicur pf the sixth capitalict deserves mentioning. Be for-
estalled his comoetitors investing zapital in the third sectaor in the
third vear alone and got an extra-profit twe vears later, The reduced
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Table 9, Ranks of sectors according to their preofitabilite
treoroduction on a decreasing scale)

YE &R Sunm Final
2 ! 2 3 4 ] & 7 8 . ranks
Sector | 2 2 2 i 2 1 i 1 1 13 i
Sector 2 2 3 3 2 i 2 4 s 3 22 3
Sector 3 2 1 1 3 3 3 2 2 2 i9 2
Table {8, Firm turnover over nine vears f{ranks in parenthesis)
Initial Number of Number of Number of firms
number of cpenings closings in nineth vear
firms
Sector 1§ Z 3 5 (1 2
Sector 2 Z. 14 9 (%) g8 (3
Sector I k a 7 4D 8§ (2
Total 9 27 272 14

Table 11. Dvnamics of labour input coefficiente (man-vears/cost units!
by kind and bv branch #

D 0 o D D O D . D D GO G AR N D G S D . D D - TR G e S e o D G T e . T T b e L S G o A D A WD MO A GO . - - - -

sector | zsector 2 sector 3
o e E e T_TTTTTT e v o &, £ e
A EAAL M Ew N M EwA LN
1 2,72 1.22 1,72 2.9% 2.50 A5 1.35 1,08 2.34
2 B.6&9 1.13 1.82 B.74 B.458 1.44 1,734 2.95 2,714
8 2.564 .73 1,37 p.70@ .55 1.2% 1.2 2,75 1,95
] B.48 2.5t 1.17 @.55 8.71 1.27 2,9% @8.37 1.22
& p.73 .52 1.23 1.024 .34 1.38 1.00 1.04 2.04
7 2.48 8.51 1.19 D.8s 8.432 1.29 1.082 .93 1.94
8 2.33 1.58 2.33 1,32 2.%57 1.89 1,79 1.32 I.12
-] - - - - - - - - -
#Copfficients for vears I and 9 were not calculated because of the work
stonpages,



958 System Dynamics 'S0

sunply of products of the third sector brzught about very low capacity
vtilization in the first and in the second sectors in the third and
fourth vyears.

Transferring capital tec  the third cecter other nlavers
miscalculated, 3Beginning frpm the fifth vear till the end of the gamse
nore than Q8% of the oroduction capacity in the third sector were not
used, After redistribution of productive capital in favour of this and
the second sectors capitalists uwere short of opreducts of the $irst
sector and were forced to reduce output.

Only two firms survive
icallvy negligible,. n
ided to trangfer regnurrces Ir
m operating the maost nprof
t

nf them wacs
i he morppolist?
power! tao  his

,
oqv in the =zecond

in one vear after oproduction practically ceased in the +first
sector there were work stoppages in the third and second sector as 2
result of raw materials deficiency.

The third vear was the lact one more or less favourable for work-
ers suffering from miserable living conditions at the end of the game.
In the nineth vear 2 nominal wage rate wag 24 times less than it was
in the first vear. This cutcome reminds us of Marx's conclusion that

wage is a function of canital accumulation. Buviero cheap labeour power
capitalists were not interested in labour-saving technical change,

For individual labour values, technpologies 3.3 and 9 posted the
1owest levels #$or respective gectors, Still these technologies
attracted onlvy 21 investment proiects (3IR%) of &9, On the other hand.
the sixth technology, which was socially most ineffective ithe value
pfé its putput hardlv coverred the relating production cest in  labour
value terms), attracted 12 investment proiects. These facts illustrate
collective irrationality again.

Table 11 sets out the zectoral dynamiecs of direct labour input
‘coefficients (17), indirect labour innut coefficients (Ewaaﬁ Y and
total labour input coefficients (wf }. A certain decline of these 1in-
dicators in the fourth vear was not consolidated in the subszeguent
ceriod. The dominant tendencvy was, obviously, retrogressive,

Expanded reproduction

This case studv demonstrates the imoroved outcome. A degree of
copperation was determired endeogencusly by eyperienced plavers, The

game consisted of 11 rounds, Being limited by space, we omit here zone
illustrative-tables.

Technical-and-econcmic efficiency was higher than in the oprevious
tase f{cf., Tables & and 12)., Moreover, main economic indicators
‘gutput, accumulated caoital,'emnlchent and others) displaved an in-
creasing scale eof reproduction, '
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Table 12. The efficiency indicators of reproduction
on an increasing scale (%}
YEAR
1 3 S s 7 8 9 1@ 11

floerating rate
in zsctor | 97.46 28,5 128.% 4g8,% %2.7 91,8 94,5 9%,% 32,7
Gperating rate
in zector 2 ?7.1 84,7 A3,2 33,4 EI,7 45,5 34,2 §87.9 93,1
Operating rate .
in secteor 3 9e.3 77.2 53.4 48,83 °©4,1 35,2 98,1 84.% 71.2
Ratio of direct
labhpur input to
emplovment in
the economy ?9.8 94,6 92,3 94,5 98,3 33,9 9.8 1.5 91.8
Rate of unemn-
lovment 12.9 2 11.46 2 4,4 2 2 i 2

Table 13, Dvnamics of labour innut coefficients {man-vears/cost units)
bv kind and bv branch

0 e e 5 D a9 Y G5 0 O D CH CE D D €3 D = D R D D e - - - - o - - . - - -

vear sector 1 sector 2 sector 3
LBy N By ML N T
1 .71 1.08 1.71 2.94 2.52 1.44 1.38 1.08 2.35
2 @.59 8.94 1.43 2.71 B. 44 1.37 1.23 1.82 2.2%
3 B.59 B.8% 1.5 R.45 2.49 1.34 1.22 .97 2.19
] B.465 2.448 1.38 @.3%5 3.72 1.27 1.82 3.992 1,92
= B.46 2.51 1.27 .55 2.71 1.26 @,9e @8.91 1.90
4 B.44 2.508 1.14 @.5@ 2.72 1.22 2.91 3.92 1.81
7 8.5 g.50 1.15 B.44 2.78 1.2 2.9 2.98 1,81
q 2.562 2.50 1.12 B.458 8.56 1.1 2.91 a.27 1.78
g 2.41 e,sa 1.1 2.s4 2.49 1.13 2.8% 2,28 1.77
19 2.51 2.58 1.11 R.45 2.45 1.11 .92 2.87 1.77
i1 B.51 g.5@2, 1,11 .54 2,49 1.1 p.838 @.89 1.77
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1 think the second game can be divided into two connected ctages:
the first one $rom the vear 1 to the vear &, the second cne from the
vear 7 to the vear 11. An economic crisi in the sixth wvear ecsta-
hlizhed a border between both stages.

At the beginning of the second game the first and second f(more
profitable) sectors were expanding. while the third one was shrirking,
Uneven development of these sectors caused disturbances in
reproduction. Thus, in the vears S and & nutput affected bv 2 deficit
né the +irst commoditv decreased while unemplovment and exwcess
production capacity rose,

From the first till the sixth vear the technologies 1.2,6,7, that
did not belong to effective ones according to both criteriaz of
efficiency {profitability and a level of individual wvalue), wuwere

removed from production., Npote that relative efficiencvy of 2 techne-
iogizal mode is to a great extent invariant tg changes of orices and
values of commodities. In the subsequent vears these technologies were

not anplied tne.

The first stage of the game cshowed that behaviour of plavers
became beth individuoallv and collectivelv more rational than in the
#irst game, The higher orofitabilitv o4 a technologv or cf a2 sector
was, the ogreater number o0f investment crojects it attracted. Most
orofitable technologies attrazted the main share of all investment
projects. For instance. there were 21 of the total number of 44 di-
rected to the fourth technologv, which was the most nrofitable.

The third technologv was the most efficient one in the +irst
sector according to both our criteria, In the second and in the third
sectors the minimal individual labour values could be achieved by ap-
2lication 0f the techneleogies 5 and 9. wvet thevy did not engage
investments. This fact illustratec that the contradiction betweern in-
dividual and social interests is characterictic of market econcav.

At the end of the sixth round the plavers decided to coordinate
zloselv their btehaviour 1in order to  achieve reproductisn on an
increasing scale. A new deal. like the MNew Deal of the Roosevelt
government, was an attemot to opull economvy out of the crisis. Deci-
cion-making was to a great extent centralized, which could possibly
chrange the very nature of =ocial relations,

Plavers closed four firms with the fourth technologv (it had been
most profitable) and sumiltanecusly invested into the fifth one, which
was more effective in regard to total input of labour. Bv this way
excessive production capacity in the second sector were reduced, Owing
to investments in the technologies 8 and 9 the deficit of the third
zommodity was eliminated in the nineth vear.

We made a comparison between final ranks of three sectors ordered
v a number of investment orojects, on the one hand, and by a profi-
tability level, on the other hand, Their cpincidence on the first
stage of the game was not an putcome vet .

After some kind of the Schumpeterian ‘"creative destru
nlavers used onlvy the {3
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The extended reproduction was achieved, For the npericd #$rom the
¢irst to the eleventh vear the highest orowth was recorded for the
first sector (+40%) while the second and third sectors showed lower
increases (+3@8% and 3I&%,  respectivelv), Pre-critical mavipums of
output were exceeded in the first and in the third sectors., vet an
adversep effect pf gver-production toeck nlace in the latter ore.

The gre-critical mavimum of outout was not achieved only in  the
second sector. ©Still to the end all its stocks of commodities were
sold out and its production capacities rose at the Ffirst time after
the seventh vear.

This evperiment seems to confirm that total ocutout and emolovment
re more easilv maintained if decisions are centralized, It ig not vet
gttled whether the keeping full 2anlovaeent necessarv implies over-

w

(11

nroduction in  some hranches nf  the econamy  (cf, Paszinetti 1981,
2I9-240).

Total canital rose bv 28% in regard to the first vear and by 39%
in regard to the basal vear. All capitalists but one (the sixth)
became richer. The sixth capitalist was hardlvy a 1logser as he was
possessed of two orofitakble firms with their effective technologies (3
and 8) at the end 0f the game instead of the unprofitable firm with
its superseded f{giwth) technologov at the verv heginning,

In consequence of the transition to more eféective technologies
magnitudee of labour value approximated bv total labour input coeffi-
cients were substantiallv reduced for all kinds of commodities (see
Table 13).

At the end of the game there wers 8 firms in the first sector, 3
firms in the second and & firms in the third one {(the sum was equal to
7). Firms that applied effective technologies during the whole ganme
were three in number., the others were imitators,

Conclusion

We have seen that market relations did not orovide a stimulus to
technological oprogress under the conditions of deeo disoroportions of
renproduction in the first case studv., The "inpvisible hand" did not
helo our aggressive and <chort-sighted 2lavers %o utilize fully a2
cotential of this economv., National income narrowed down as  compared
with the initial one. Small orofits, perhans, alsoc contributed teo non-
coeoperative behaviour 9 nlavers. Viable technical change was not  sec-
rially progressive, 3ut practice is the best master, The second rase
study testifies that students not onlv improved cooperative behaviour
but they learned to analvse concequences of possible actisns and to
give preference to & long term pain over a cshort term one.

Having got a deeper insight intc the simulatinn model thev made a
number of supgestions ahput ite further development. It was found re-
asonable to incorporate endogencus Science and Technology fmainly  in-
house R¥D) into the model to reflect the relationshin hetween science,
technology and the market place, Fallowing princinles of scientific
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abstraction much worlk should be dene in order to make use of the
factors initially disregarded thus strengthening the relevance of the
model to the real world.

fAcknowledgments

To all students participated in the gaming experimens., avy thanks
for their  help. Professor ¥,.X.Yaltukh was most helopful with his con-
sultations, Colleaque F.E.Pusep provided me with a computer progran
and gave assistance in a classroom. @& special gratitude is owed
Mre,1,.V,Rvzhenkov for =po patient tvping this manuscrint

PSR P

Argyris, €., and D.R.Schén, 1978, Orpanizaticnal Learning: a
Theory of Action Perspective. London e2tzc.: Addison-Weslev.

Dunne. T.. M.J.Roberts., and L.Samuelsen.1983. Patterns onr Fire
Entry and Exit in U.S. Manufacturing Industries. The Rand Journal of
Economics § 9{(np.4): 495-51%,

Pasinetti. L. 1931. Structural Change and Econemic Growth. London
etc.: Cambridge Universitv Press.

Yaltukh, K.K. and F.E. Puzep. 1988. A Teaching Simulation Model of
Capitalist Production and Circulation. 51-72, In Active Methods of
Pelitical Economy Teaching. ed. K.K.Yaltukh., Movosibirsk: Novosibirsk
State University {in Russian).





