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Commcditv 

The oace~ :cn~1oe~~ hew ~tudents learn cc~mctiitv crctiucticn and :ir-
culation via gaming exoeriments. We review two of them. 

In the 'irst. clavers run into recrcdu:ticn en a decreasing scale 
app~avated if net caused bv their ncn-coocerative behaviour. In this 
~==~c~v sccia! and c~ivate ~ene'its and costs diverge. Undertaking an 
!nvestme~~ a :a:ital!st 'i~~ chooses tvci~allv that tec~nicue whi:~ 

!n the second. cl?ve•s ~·~n; ~c e~tended •ecrcdu:ticn ~esclvinc 

!ncomoatib1e no~ms and setting new c~io~ities with associated stra­
tegies c~ cacoe•ative behaviour. Social and individual Interests draw 
tcgethe~ ronseouentlv. 

5till views on it~ nature a~e often sucer~i:i;l or even nalve, fo~ 

instance. among beginning students. Thev could be t~ansformed intc 
deeoer understanding of the ~atte~ bv means c~ simulation gaming. 

Dramatic D~Dg~ess in the svste~ dvna~i~s methodc!cgv is act tc be 
!inked with a fo~malised e~oositfon o+ economic laws and non-observed 
+actors, 

etochastic and dvnamic ohenomena r:i•:ulation of caoital. fluctu­
?tions. etc.! are e~Dliritlv reflected in gaming e~oe~iments car~ied 

cut at Novosibirsk Unive~sitv ~ith a ~imulaticn model of universal 
commoditv croduction. 

Thi~ teaching tool de~c~ibes interconnection~ between demand. in­
vestments. ~reduction caoarities. cutout. suoo]v and o~ices for three 
igg~egated b~anche~ c+ a caoitali~t eccnomv 'Valtukh and Puseo 1q881. 
~n endogenous diffusion of innovations conside~ed rsti!l rather +~ag­
~enta~vl a seoa~ate comconent of the generation of new technologv. 

~ccc•dance with la~~ o' caoitali~t •eo~oduction. ~or e~amole. a ~tu­
~ent C?n dete:t end !nvestigate using se]'-acouired e~oerimentaJ date 
:cnsecuences ~' the !aw of value runeaual o~ofitabi!itv of variou~ 

tsc~nclogies and firms. ~ovements of relativ~ orices. ~tc.l.Students 

~i,d out that a~eed fo~ ~~c~it i~ a ~t~ong ince~tive to risk-taking, 
innov?tion and creetivitv. Thev D?v attention tc tM~ se?mv side of th~ 
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economv too lunemolcvment. aggressiveness o~ the ~irms and ctherl. 

The model woven through the educ~tion~] orocess helos ouoi!s 
graso a necessitv o~ oublic control over reoroduction according to 
uncovered economic tendencies. soci8l ~riorities c' e~ficiencv and 

The oaoer is organized as follows. The next ~ecticn oresents the 
model sacri'icing a mathematical descriotion in the hooe o' achieving 
greater claritv cf foundations under the soace constraint. Later en 
two aoolications of this ~ode] are brie'lv examined. While students ~t 

the junior level did not ~c:omolish ef'ective 
elder ~ellcwshio mcdi'ied success'~llv net 

economic growth. 
on]v str~tegies 

the 
ar,cl 

~ssumotions but the verv nor~s o' beh3vic~· ce•haos transiting '·em 
single-loco t~ do~ble-looo !earning 1:'. Argvris and S:hbn JQ~s. 

13-291. 

The model and simolifications 

A caoitalist e:onomv, or universal commoditv orodu:tion. is con­
~idered at a definite level of abstraction. All forms of economic ac­
tivitv extraneous or m~de outd~ted bv :~~italism are ignored. Morec­
~er, ~o•e orooerties ~f :acitalism are disregarded at this stage o~ 

the investig8tion. 

It is suooosed that ~orkers are deorived of the means of 

oroduction and sell their labour-cower to caoitalists. Natural 
resources are not scarce. all lands are naticna!i:ed and there is not 
a class o' landlords. 

There is a unified market '~r all commodities. 
labour ~o~e·. The unitv o' the market mani'ests itsel' 

in~luding the 
in deoersot'la!.-

~:ing of commodities of di''erent :wne•s. qt anv ~iven data all com­
modities of a definite kind have the same unit c•i:e. There is no 
:redit market in the economv. orivate :onsu~otion ~· :aoitalists is 
net taken into account. Supolv of labour cower is ~i=ed as an exoge­
nous magrli tude. 

Everv sector consists of a number of single-,lant firms. Ea:h of 
them uses a unit technologv and is a moncoroduct one. Everv sector 
soecializes in manufacturing cnlv one kind of :ommoditv in such a wav 
that inputs of all other oroducts and o' labour are indisoensable. It 
is assumed that in all sectors but ~ne ~~cducin~ elements o~ fi~ed 

assets a firm's cutout is intended e~clusivelv 'or the market. Everv 
:aoitalist owns a definite number of firms (one cr two! whi:h is less 
than a number of sectors !three!. Thus the possibilities of natura! 
~conomv and cf autar:hv ;re e=c!uded. We abstract frcm international 
re1atio!1E-.: 

3oth the oericd of orodu:tion and the ccnstru:ticn :ag eaual one 
vear. 

~unctions "• mcnev. which :an :ir:ulate cr be hoarded. 3re 
attached to the 'irst commoditv. The commoditv not saled is automati-.. 
:al!v transformed into monev, 
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~ total demand is :omoared annuallv with a total !UDolv far ea:h 
commodity. The minimum is traded at the orice revised deoending en the 
~evel of excess demand. The orice of the first :ommoditv is alwavs 
identicallv one. Demanders or suooliers are orooortionallv rationed 
deoending on the demand-suoolv ratio. 

Products of the first sector are a raw material for the seco~d and 
Lor the third sectors. ~roducts of the second sector constitute ele­
ments of fixed assets in all sectors. Products of the third sector are 
~sed as a raw material in the first and in the second s~ctors. Final­
ly. oroducts of the second and of the third sectors are orivatelv 
consumed bv wcr~ers. 

The reorcduction is reflected with a helo :f 
inout-outout model with technological methods o~ oroduction. Each kind 
o; commodities :an be oroduced bv three or less technological modes. 
Table sets out dire:t inout coe''icients and coe~ficients cMarac­
terising circulation of fi~ed :aoital in the eccnamv. Everv elementarv 
technologv can belong to dif~erent capitalists. But initiallv there 
are nine caoitalists oossessing nine firms with resoective elementarv 
technologies. 

3c:ial relations of the croducticn svstem imolv :aoital acr:umula-
tion for pro~it. It is e•oected that technologies oroviding costs of 
crcduction 
diffusior.. 
dur:tion of 

lower than social ones are. as a rule. getting a wide 
Thev bring extra-orofit to innovative firms. Everv intrc­

imorcved modes works on the new caoit3l and an that already 

!n our simulation model innovation activitv is reduced to ~ndage­

nous dif~usion o~ technological modes mainlv through imitations bv new 
entrants. Inventions and oroduct innovations are set aside. 

A caoitalist is allowed to construct a "new" firm with anv given 
technology. There is no orcblem ~or him if he has cnlv one "old" firm. 
But if the caoitalist has two "old" firms. a creation of a "new" fi~m 

'eauires to give uo at least one "old" ~ir~. Stocks of ~aw ~aterials 

'rom closed firms may be Droductivelv consumed. but their fixed assets 
3re lost. 

Firms cannot change the mix of oroducts ~ade in their existing 
olants or diversifv oroduction. A caoitalists enter a secto• onlv 
through construction of a new single-~lant ~ir~. 

The caoitalists were endowed bv fived assets and caoital of :1•­
:ulation in the basal vear. Yet thev have not anv ~aterials inventorv 
at the beginning of the first vear lsee Table :l. 

?lavers lthe caoitalistsl are informed about magnitudes c~ 

oarameters in the basal !:erol vear: orices of commodities, orofita­
bilitv of tecnological modes calculated at these orir:es !see Table 31, 
An organizer of the game can change exogenous oarameters and 
coefficients if it is necessarv. 

Wor~ers' decisions are reduced to determining a demand f~r 

:onsumer goods. This determination is carried out and orocessed auto­
matically bv a comouter orogram. 
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~able 1. Inout coefficients in ohvsical terms and rates cf renewal 

S E C T 0 R S 

2 3 

R E S 0 U P. C E 5 -----------------------------------------------
TECHNOLOGICAL 

.., 
3 4 5 6 ! 3 q .: 

Mean<:. 0.; Ol'"cductic!O 
:Jroduct 0. 0. \L 0. 14 0. ::'0 ~.50 0. "7'5 ~."70 ~.!33 

etr-oduct '2 * 0,24 IL 25 ~,26 0,07 0,06 ~L ~3 0, 03 0. 06 0.05 
or-educt 

.,. 0. 12 0. 15 0. 18 0. 11 0. 15 IL20 0. 0. 0. ·) 

Laboul'" DOWel"' l .50 ! .210 0.50 0.82 0.45 0a33 1 .50 0.95 0.75 
Rates of fi l:ed 
assets renewal 0.20 0.20 0.20 1 .00 1 .00 1 .00 0. 10 0. 10 0. 10 

--------------------------------------------------------------~-----------
•?l"'oduct 2 constitutes elements of fixed assets. Its inout coefficient 
reol'"esents the amount ot fi~ed assets. in ohvsi:a! terms. which is 
~earing out in resoect to the additional cost unit. The rate of renewal 
l"'eoresents fixed assets weal"'ing out during a vear as a share of total 
fixed assets. This exolanaticn is illustrated bv the following examole. 
Let a olaver wants to orodu:e additionallv 50 cost units of the first 
:cmmoditv using the third technique. It is necessarv fer him to buv and 
to install 65 cost units 1i!'1 ohvsir:al termsl of the second c:omrnoditv (50 
X .'261,2=65), 

Table 2. Intersectoral and interoersonal distl"'ibuticn of 
initial endowments fin ohvsic:al terms> 

E C 0 N D M I C A G EN T S \caoitalists) 

4 5 6 7 

----------------------------------------------------------------------------
Caoital of circulatior. 
idle monev 60 !60 60 ~ ... 

·-' ..J 126 32 44 110 61 
stocks f 01" sale 

c:ommoditv 60 160 60 0 0 0 0 0 0 
c:ommo:litv '2 I'll 0 0 44 160 36 0 0 0 " 
c:ommoditv ·-· 0 0 0 0 0 0 32 80 48 

Tech:1o!. identific. numbe~ 2 
.,. 
•' 4 5 6 7 3 Q 

!ndi.!strv code number 2 2 .., 3 "!' .,. 
-· ·-' 

!:'i~·~ed a<:sets 5~ 1621 62 
.,. 
·-' 9 7 43 ..,.., 

Production c:aoacitv 43 129 48 d4 160 36 29 72 43 
L2bour value of advanced 
caoital lman-vearsl 23c:l 731 296 123 461 !03 1 .~ 1 440 24c:l 
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Table 3. Indicators of the basal vear 

q E S 0 U R C E S 

C'ommodib t Commodi b 2 Commoditv 3 Labour oower 

Price imonetarv 
units/cost units) 

0.83 

T E C H ~ 0 l 0 G I C A L 

2 ~ ·-· 4 ... 
..J 

1. 37 0.30 

M 0 D E S 

6 7 8 

Profitabilitv 0.12 \Llo \L26 0.41 ~.21 -0.07 0.11 0.23 

Table 4. Some ~conomic indicators of the reoroduction 
on a decreasin9 scale 

y E A R 
2 3 4 5 6 - 8 ' 

0. t g 

9 

---------------------------------------------~----~---------------------~-
Demand for 
labour (man-
vears) * 487 624 570 598 148 397 147 118 167 
Emolovment 
\man-vearsJ 487 560 560 560 148 397 147 118 167 
lli!'"ect la-
bour ·i nout 
(man-vears) 481 537 .,- ... .;..I ...I 148 66 126 36 31 26 
Wage rate 
(monetarv units/ 
man-vearsJ 0.26 0.29 0.30 0.32 0.08 0.06 0.04 0.02 0.01 
Investments (in 

ohvsir.:al terms) 59.2 34.6 62.6 152.4 101.8 6.0 3' 1 2.6 5. 12 

* Suoplv of labour is alwavs identicallv 560 rman-vearsl. 
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Let us consider the seouence of svnchronised actions of the caci-
talists. 

!.Determining an intermediate demand ~or means of oroduction and 
for labour oower in ohvsical terms under a rigid budget constraint, 

2. Determining an investment demand for caoital goods in ohvsical 
terms for existing and new firms under the constraint of available 
mcnev. A caoitalist mav cheese for investing anv technology according 
to data on orofitabilitv and other relevant information. 

3. Determining a commoditv suoolv in ohvsical terms. The agents 
send only cuantitv messages. Everv cacitalist can supolv commodities 
cf the second and third sectors croduced in the crevious vear and not 
vet saled. As for products of the first sector. their supplv in the 
current vear cannot be more than an amount oroduced in the previous 
year. According to rules of the game supolv comorises from q5 to 100 
oer cent of the cumulative stoc~ of commodities. This ~estriction 

softens mcnooolv effects. 

I, Learning actuai ourch;ses 'or intermediate inout and 'or in­
vestment. 

5. Dist~ibuting circulating ca~ital between ~irms and determining 
cutout. It must be eou~l or more than 98 oer cent of the maximal 
level. This restriction is also done to soften ~onooolv effects. 

6. Choosing firms and technologies to be used in the next vear. 

At the end o' the round olavers are informed on results of their 
economic activitv in the vear of account. New round starts after a 
necessarv o.:wse. 

Reoroduction on a decreasing scale 

Students started to learn the economic thecrv took cart in the 
'irst game. Decision-making was decentralized. 

The reoroduction 
:see Tables I and 

was characterised bv v~rv deeo disorooortions 
5l.A market ~iseoui!ibrium determined uneven 

dvnamics of relative orices. Techni:al-and-eccnomic efficiencv of the 
economv was e~tremelv low. The ooerating rate was not higher than 25% 
in the first sector. 38% in the second one and 32% in the third lf~om 

the fourth till the nineth vearl, The rate of unemolovment increased 
to 70-79% Cvears 5,7-q), near 45% of emolovees were inactive !see 
Table 61. The oroduction was verv orodigal with its human and material 
resources. 
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Table 5. Prices (monetarv units/cost units) and other indicators 
(in ohvsical terms) of reoroduction on a decreasing scale bv branch 

--------------------------------------------------------------------------
'! E A p 

---------------------------------------------------------
2 

.,. 
•' 4 5 6 7 s ':;: 

Suoolv of 
commoditv 270 '213 146 155 54 20 20 11 0.01 
Demand for 
:ommoditv 179 1'52 193 .s4 187 191 434 770 567 
Out out of 
sector 1 221 154 156 56 21 21 11 0.\H 0 

'.J 

Pr':d~.n:t i en caoacit\' 
':l sect~r I 224 177 174 225 1"" 137 67 53 43 .. --
Investments in 
sector 1 9.'2 32.5 24.2 26.0 20.5 0.3 0' 1 0 0.03 
--------------------------------------------------------------------------
Suoo lv of 
eommcditv ., 234 239 472 408 167 13 25 41 30 .. 
Demand for 
commoditv 2 230 317 325" 431 229 169 17 12 20 
Outout of 
sector ., 236 468 266 165 11 25 35 50 ..... ... .;. . ._\ 

0 rcduction caoacitv 
o-F sector 2 240 601 1534 2298 3510 .,,~., 

..:...i.·J .... 93 178 167 
Investments in 
sector 2 27.1 52. 1 27.0 74.0 4Su .!, 0.4 3u0 2.6 5. 1 
Price 0~ the se-
::end r:ommoditv 0,9t;l !a 32 0.91 0.96 1. 32 17.05 14.5 9.42 5.38 

-------~------~-------------------------------------~---------------------
Suoolv of 
commoditv ... 

·.) 154 184 79 22 74 149 160 145 
Demand fo:-
::ommoditv .... 110 159 186 117 27 4 17 21 .... 

Out out of 
sector .... 141 47 0 23 54.3 un 17 2 0 .... 

Production caoaci tv 
0~ sector "'!' 144 154 9 ... ., ... 

J..·.) 115 237 226 206 167 
Investments in 
sector .... 22.9 0 11. 4 52.4 35.7 C' .,. 0 0 0 .., ~. ·.) 

F'rice of the third 
commoditv 0.97 0.34 1. 98 242.9 14. 91 5.49 2.32 t. 56 0.39 

-----------------------------------------------------------~--------------
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Table 6. The efficiencv indicators of reoroduction 
on an decreasing scale(%) 

Y E: A R 

2 3 4 5 6 7 

-----------------------------------------------------
Ooerating rate 
in sed or 
Ooerating rate 
in sector .., ,_ 

Ooerating rate 
in sec to:"' ·-· 

Ratio of direct 
labour inout to 
emolovment in 
the economv 

98.7 36.5 39, 4 24 .. 9 17. 0 15.5 16.7 0. 02 19.5 

93, 4 .,, 
~ 24. 9 P. 0· ~. 3 1 1 37; 5 23. 1 2\L ~ ..,, 

a" 4 30. 5 0. 0 99, 9 47, 3 43. 5 7 3 ~ ~ 76 0 . •..:• 

98,9 95,9 49.1 26.4 11.8 31.7 24.5 26.3 15.6 

955 

!:?ate of unemo­
lovment 13.0 0 73.6 29.1 73.8 78.9 70.2 

Table 7. Ranks of technologies according to their orofitabilitv 

'!'ech 
nologv 

2 
... 
._) 

4 
5 
6 .,. 
I 

a 
9 

Table 

Tech­
nologv 

2 
..,. 
·-' 
4 

5 
6 
i 

0 

3 
5 
8 
9 

6 
1 
2 
7 
4 

2 
"!' ·-· 

3 2 
9 

8. 

Y E A R S .. 
2 3 4 

4 4 2 6 
5 6 3 5 
7 5 4 4 
9 9 5 3 
.s s 2 
6 7 6 
1 1 7 9 .,. 'f 9 7 ·-' ~· 

2 2 s 3 

Di stri buti en of 

Y E A R 
2 3 4 5 

2 .., 'f 
'- ~· 

2 2 .., ... .., ,_ 
.,. 
·-' 

5 6 7 8 Sum 

5 3 
.,. 

3 33 ·-' 
4 .., .., ... .,. ... '" ._J-..) 

6 2 3S 
3 9 9 9 65 
2 7 7 8 49 

8 3 7 45 
9 6 6 6 47 
7 4 4 ... 

·.J 49 
8 5 5 4 46 

investment orojects 

Sum 
6 7 8 9 

5 
"'! ·-· 
7 

4 2 13 
1 2 q 
..,. 
·-' 

... 
·-' 

,.., . '-
2 4 

·6 
5 

Final 
ranks 

1 II 5 
1.5 

3 
9 
7 . 5 
4 
6 
7.5 
5 

Final 
ranks 

.,. ... 
·-'· ,_; 

1 
6 
9 
7 

8 .., ... ... 
.J 

... ... 
.._\ . ._~ 
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investmel'lt crojects were carried cut. 
at an extension o; given oroductior. 

::acacities, 10 1 14%J col'lnected with coening of new fir~s bv ::aoital­
ists in sectors of their orevious activitv. 17 !25%) reoresented new 
ent~.ants .. 

We think. the fact that nearly two thirds of the number of all 
orojects intended for extended reoroduction of existing firms follows 
~~om the necessitv for comoensating the adYanced caoital embodied in 
factorv buildings, machinery and eouioment. Moral depreciation of 
~i=ed caoital results from uneoual orofitabilitv of technological 
modes in everv sector, ~ixed assets oL less orofitable modes should be 
considered morailv obsolete. Closing a ~irm its owner usuallv su~fers 

Jesses if caoital cost amortization is far from being comoleted. in 
addition. there is the imocrtant restriction in this game: an owner o~ 

two firms loses fixed assets of one or two of them at his discretion 
after investing to a new technologv. 

Yet venturers can trv to set off a loss bv means of new endeav­
ours. Tables 7 and S list ranks of technologies according to both in­
dicators Ia ProfitabilitY level and a number of investment projects 
engaged). Spearman's rank correlation coefficient between final ranks 
was eoual to 0.55 !connections were disregarded!, This magnitude seems 
to be significant. would ~~d that new entrants did net choose anv 
technological mode with the lowest orcfitabilitv inside a sector. 

Table q sets out data on relative orofitabilitv cf the sectors. A 
flow of caoital to sectors with higher orofit~bilitv was illusrated bv 
the fact that final ranks of sectors ordered according to their oro­
fitability. on the one hand. coincided with ranks of these sectors 
ordered according to cumulated net investment, on the ether hand. 

Sectoral profitabilitv was also congruent with corresponding firm 
turnover: the higher orofitabilitv. the higher either opening or 
closing rates (cf, Tabl.10l, This finding tentativelv suggests 
orofitabilitv as the characteristics of industrv that gives rise to 
acr-oss industrv differences in turnover (cf. Dunne. Roberts and Samu­
elson 1983>. 

A deficiency of resources and/or a low orofitabilitv declared to 
be the immediate reason behind firms closing. Plavers oreffered a 
oartial closing of business with redistribution of resources in favour 
of more profitable sectors to a whole closing of their firms. 

Desoite of these signs c• raticnalitv on the micrclevel, there 
were two severe crises in this economv. The first one burst uo in the 
second and third v~ars. At that time the third sector ~as unorc~itable 
because of excess suppiv o~ its commodities alreadv in th~ first and 
second vears. Capital +led this sector. Almost all stocks of its 
co~modities were saled in the third vear. Vet a demand for trem was 
brisk and became unsatisfied. The relative orice of th~ third :ommo­
ditv grew followed by orofitabilitv of its oroduction. The 
intersectoral flow of ·caoital radicallv changed its dir~ction. 

A behaviour of the sixth capitalist deserves mentioning. ~e for­
estalled his comoetitors investing caoital in the third sector in the 
third vear alone and got an extra-profit two vears late~. The reduced 



System Dynamics '90 

Table 9. Ranks of sectors according to thei~ oro~itabilitv 
(reoroduction on a decreasing scalel 

Y E A R Sum 
2 4 6 7 , 

957 

Final 
l"anks 

~-------------------------------------------------------------------------
Sector ., 2 2 2 13 .. 
Sector 2 2 3 

.., ., 2 "l!' '3 
.,. 

22 -~ 4 ·-· ·-' 
Sector .,. 

2 
.,. 3 3 2 ., 2 19 ~' ~' ... 

Table 1~. Fi~m tu~ncver ovel" nine vears !~anks in oarenthesisl 

Sectol" 
Sector ., ... 
Sector ... 

~' 

Total 

Initial 
numbel" of 
.:· • 1 rms 

.,. 
~' 
"l!' . ..... 
"l!' ·-· 
9 

~!umber of 
ooenir~gs 

5 ( 1 ) 

14 (3) 

3 12) 

'27 

Number of 
c1 osi ngs 

6 (1) 

9 (3) 

7 (2) 

22 

Number of firms 
in nineth veal" 

2 (1) 

3 ( 3} 

4 (2) 

14 

Table 11. Dvnamics o~ labour inout coefficients (man-vears/cost units! 
bv kind and bv branch * 

2 
3 
4 
5 
6 
7 

8 
9 

~.72 

0.69 

0.64 
0.66 
0.73 
0.68 
0.83 

sector 1 

1. ~0 
1.13 

0.73 
0.51 
0.50 
0.51 
1. 50 

! I 72 
1. 82 

1.37 
1. 17 
l. 23 
1. 19 ., .,..,. 
L • -.,.\-...\ 

sect or 2 

0.70 
0.56 
1. 04 
0.36 
1 . 3:? 

0.50 
0.68 

0.55 
0.71 
0.34 
0.43 
0.57 

1. 27 
1.38 
1. 29 
1. 89 

sector 3 

1. 36 
1. ~b 

1. '2 0 
0.95 
1.00 
1. 02 
L 79 

!. 00 
0.95 

0.75 
0.37 
1. 04 
0.94 
1. 33 

2.36 
'2.31 

1. 95 
1. 82 
2.04 
1. 96 
3' !2 

... 
·-' 
2 

*Coefficients for vears 3 and 9 wel"e not calculated because of the work 
stoooages .• 
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suoolv of oroducts of the third sector brought about very low caoacitv 
utilization in the first and in the second sectors in the third and 
~ourth years. 

Transferring capital to the third sector other olavers 
mi~calculated. Beginning frpm the fifth vear till the end of the game 
~ore than 50% of the production caoacitv in the third sector were ~ot 

used. After redistribution of productive capital in favour of this and 
the second sectors capitalists were short of products of the first 
sector and were forced to reduce outout. 

Onlv two firms su~vived in the first sector. But one of them was 
oractica!!v negligible. An owner of the othe~ one rthe monooolist! 
decided to t~ansfer ~esou~ces t~aw materiils and labour oowerl to his 
firm operating the most orofitable fourth technologv in the second 
sector. 

In one year after production practically ceased in the first 
sector there were work stoppages in the third and second sector as a 
~esult of raw materials deficiency. 

The third vear was the last one more or less favourable for work­
ers suffering from miserable living conditions at the end of the game. 
In the nineth vear a nomi~al wage ~ate was 26 times less than it was 
in the first vear. This outcome reminds us of Mar1 's conclusion that 
wage is a function of caoital accumulation. Buvin~ cheap labour power 
capitalists were not interested in labour-saving technical change. 

For individual labour values. technologies 3.5 and q posted the 
lowest levels for resoective sectors. Stil1 these technologies 
attracted onlv 21 investment projects !30k) of 6q, On the other hand. 
the sixth technology, which was sociallY most ineffective lthe value 
of its output hardly coverred the relating Production cost in labour 
value termsl. attracted 12 investment projects. These facts illustrate 
collective irrationality again. 

Table 11 sets out the sectoral dynamics of direct labour input 
1~1:"), indirect labour inPut coefficients (~ wta.J ) and 

input coefficients <wf l. A certain decline of these in­
in the fourth vear was not consolidated in the subseouent 

coefficients 
total 1 abour 
dicators 
oeriod. The dominant tendencv was, obviouslv, retrogressive. 

E~oanded reProduction 

This case studv demonstrates the imoroved outcome. A degree of 
cooperation was determined endogenously bv experienced olavers. The 
game consisted of 11 rounds. Being limited by space, we omit here some 
illustrative-tables. 

Technical-and-economic efficiency was higher than in the previous 
case lcf. Tables 6 and 12l. Moreover. main e~onomic indicators 
1 0utout, accumulated capital.,emolovment and others) displayed an in­
creasing scale of reproduction. 
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Table 12. The efficiencv indicators of reoroduction 
on an increasing scale (%\ 

Y E A R 

4 5 6 7 8 

Ooerati ng rate 
in ;ector 1 90, 6 93. C' 

'""' 
10G. 0 43. 5 

,.,., 
..,J~, 7 91 3 94. 

Or:>erati r-1? rate 
in sector 2 97. 1 34. 7 63. 3 33. 4 53.7 65. 5 34. 
Ooerating rate 
in se·c tor 3 99. 3 77.2 "'"" '.J ··'. 

4 '0 ou. 8 96. 1 86. 2 98. 

11 

6 ~5~ . ) 32 . 7 

2 37.9 93. 1 

1 84.5 71 . 
Ratio of direct 
labour inout to 
emolovment in 
the economv 99.0 96.6 93.3 96.5 98.3 83.9 95.0 91.6 91.8 

Rate of unemo­
lovment 12.9 0 11. 6 0 4.6 0 0 0 
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Table 13. Dvnamics of labour inout coefficients !man-vears/cost units! 
bv kind and bv branch 

--------------------------------------------------------------------
vear sector 1 sector 2 sector .,. •. 

-------------------------------------------------------------2 1: t:- e: e tt:- t- t:- .c- t-
w, a.: !J wJ 1, "~t: a.:j ·.; Wj . 2 w. a,; lj wJ 

---------~----------------------------------------------------------• 0.71 1. 00 1.71 0.94 0.50 1. 44 1. 36 1. 00 2.36 
2 0.69 0.94 1. 63 0.71 0.66 1. 37 1. 23 1. 02 2.25 ., 
•' 0.69 0.85 1. 54 0.65 0.69 1. 34 1.2:? 0.97 2. 1 q 
4 0. 66 0.64 t. 30 0.55 0. 72 1. 27 1. 02 0.90 1.92 
5 0.66 0.61 1. 27 IL55 0.71 1. 26 0.9c;l 0.c;l1 1.90 
6 0.64 0.50 1. t4 0.50 0. 72 1. 22 0.91 0.90 1. 81 
7 0.65 0.50 1. 15 0.46 0.78 1. 24 0.91 0.90 1. 81 
8 0.62 0.50 t. 12 0.60 0.56 1. 16 0.91 0.37 1. 78 
q 0.61 0.50 L 11 0.64 0.49 1. 13 0,3Q 0.88 1. 77 
10 0.61 0.50 1. 11 0.66 0.45 1. 11 0.90 0.87 1. 77 
11 0.61 0.50 1. 11 0.64 0.4c;l l. 11 0.88 0,8Q 1.7'7 
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I think the second game can be divided into two connected stages: 
the first one from the year !.to the vear 6, the second one from the 
~ear 7 to the vear 11. An economic crisis in the sixth vear esta­
blished a border between both stages. 

At the beginning of the second game the first and second (~ore 

crofitable) sectors were exoanding, while the third one was shrinking. 
Uneven develooment of these sectors caused disturbances in 
reoroduction. Thus, in the vears 5 and 6 cutout affected bv a deficit 
of the first commoditv decreased while unemolovment and excess 
oroduction caoacitv rose. 

From the first till the sixth vear the technologies 1,2,6,7, that 
did not belong to effective ones according to both criteria of 
eHiciencv (profitabilitv and a level of individual valt..!el. were 
removed from production. Note that relative efficiencv of a techno­
logical mode is to a great extent invariant to changes of orices and 
values of commodities. In the subsequent vears these technologies were 
not aoplied too. 

The first stage of the 
became both individuallv 

game showed that behaviour of olayers 
and collectivelv more rational than in the 

~irst game. The higher orofitabilitv of a technologv or of a sector 
was, the greater number of investment crojects it attracted. Most 
orofitable technologies ~ttracted the ~ain 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 orofitable. 

The third technologv was the most efficient one in the first 
sector according to both our criteria. In the second and in the third 
sectors the minimal individual labour values could be achieved by ao­
alication of the technologies 5 and 9, vet thev did not engage 
investments. This fact illustrates that the contradiction between in­
dividual and social interests is characteristic of market economv. 

At the end of the sixth round the plavers decided to coordinate 
:lcselv their behaviour in order tc achieve reproduction on an 
increasing scale. A new deal, like the New Deal of the Roosevelt 
government, was an attemot to cull economv cut of the crisis. Deci­
sion-making was to a great extent centralized, which could possibly 
change the verv nature of social relations. 

Players closed four firms with the fourth technologv lit had been 
most profitable) and sumiltaneouslv invested into the fifth one. which 
was more effective in regard to total input of labour. Bv this way 
excessive oroduction capacity in the second sector were reduced. Owing 
to investments in the technologies 3 and 9 the deficit of the third 
commodity was eliminated in the nineth year. 

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

After some kind of the Schumpeterian "creative destruction" our 
olavers used onlv the mC)_st eHective technologies 13,5,3 and 9) in 
each sector at the end of the game \the vear n j. 
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The extended reoroduction was achieved. For the oeriod from the 
first to the eleventh year the highest growth was recorded for the 
first sector (+40i.J while the second and third sectors showed lower 
increases 1+30% and 36%, · resoectivelvl. Pre-critical maximums of 
cutout were exceeded in the first and in the third sectors. vet an 
adverse effect of over-production took olace in the latter one. 

The ore-critical maximum 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 first time after 
the seventh year. 

This exoeriment seems to confirm that total cutout and emoloyment 
are more easilv maintained i' decisions are centralized. It is not vet 
settled whether the keeping full emoloyment necessarv implies over­
production in some branches of the economy lcf. Pasinetti 1931. 
:?39-2401. 

Total caoital rose bv 28% in regard to the first year and by 39% 
in regard to the basal vear. All caoitalists but one !the sixth> 
became richer. The sixth caoitalist was hardly a loser as he was 
possessed of two profitable firms with their effective technologies 13 
and 8> at the end of the game instead of the unprofitable firm with 
its suoerseded lsixthl techno!ogv at the verv beginning. 

In consequence of the transition to more effective technologies 
magnitudes of labour value aooroximated bv total labour inout coeffi­
cients were substantiallY reduced for all kinds of commodities !see 
Table 13>. 

At the end of the game there were 8 firms in the first sector, 3 
firms in the second and 6 firms in the third one (the sum was eoual to 
17}. Firms that aoolied effective technologies during the whole game 
were three in number, the others were imitators. 

Cpnclusion 

We have seen that market relations did not orovide a stimulus to 
technological progress under the conditions of deeo disorooortions of 
reProduction in the first case studv. The "invisible hand" did not 
MelP our aggressive and short-sighted nlavers to utilize fullY a 
ootential of this economv. National income narrowed down as compared 
~ith the initial one. Small orofits, perhaos, also contributed to non­
coooerative behaviour of olavers. Viable technical change was not so­
ciallv progressive. But oractice is the best master. The second case 
study testifies that students not onlv imoroved cooperative behaviour 
but they learned to analvse conseouences of possible actions and to 
give oreference to a long term gain over a short term one. 

Having got a deeper insight into the simulation model thev made a 
number of suggestions about its further develooment. It was found re­
asonable to incorporate endogenous Science and Technclogv 1 mainlv in-. 
house R~Dl into the model to reflect the relationshio between science, 
technology and the market Place. Following principles of scientific 



962 
System Dynamics '90 

abstraction much work should be done in order to make use o' the 
factors initially disregarded thus strengthening the relevance of the 
model to the real world. 
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