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I ntroduction

This pooer dms at presenting the methoddogiod goproach to simulations, proposed af the
beginning of the sixties by a group of schdars of the Carnegie Mallon University.

In that period, in fact, these schdars started to work on computer programs cs a woy to model
humaon and economics bbehaviour.

This pooer show the madn features of such goproach and its link with the generd methoddogy
that this research group proposed for economics, based on the need of more redistic hypothesis
s away to get bettar exponations ond previsions of the sodd phenomena There is so, dso a
link between simulations ond empiricd ondysis, that is, in fadt, the point of departure and the woy
to test moaels.

These works seem to have been negected in the fdlowing development of Economics (for
example the synthesis proposed by Aarkson and Simon, 1960, it is quoted just two times in dl
atide avdldde in Jstor andis never quoted in aspeddizedjournd s Joss).

The same Simon in a popoar written some yeas later, notes that, while in normative
miaroeconomics  simulations have maode large contributions, in positive miaoeconomics, their
contribution has been modest (Simon, 1978), espeddly in deding with orgonization (Simon,
2000).

It seams yet that the works under exam aon be useful in the adud debate on simulations, s
mony of the prodems still to sdve hos just emerged The sdutions proposed ae maylbe not
generd, o bosed on a behaviourd ond cognitive goproach, but ae onyway worth of being
considered,

1. The different typologies of simulations

The ondysis starts from the poper of Herbert Simon ond Geoffrey Aarkson - titled "Simulation of
Indivicdud ond Group Behaviour”, pubished in 1960 in the Americon Economic Review - in which
they darify mony ospects of simulations, theory and econometric andlysis, ond of their redprocd
relations. In the same period, other authors published dso popers deding with simulations. Most
of these schdars come from the same University s Simon. The popers were dl pubished in
importont journds.

Jdakson and Simon define the fdlowing three kinds of simulation ondysis. Among the three
typdoges of modes there ae, o usud when deding with daossificofions, some possibe
infersections, bbeyond many obvious paints of contadt.



1.A. Dynamic macroeconomic

The man examples ae the modds used in the ondysis of the business cyde and morket
behaviour. This situations con be honded with dfferentid ond dfference equations o with the
method of comparctive static

In this redm, simulations cre seen s on addtiond technique for numericd ondysis that con be
useful because of computer speed and computationd power. They oon e used to monage more
complexity and non linecrity.

The use of simulations represents here a development in mathematiod ond  econometric
techniques ond is just a dfferent way to modd a given situation. In foct, it is necsssary tor (1)
hypothesize a fundiond form of a fundiion, (2) then it should e estimated with ony of the
avdldde instruments; (3) at this point it's necsssary to define dl initid vdues necsssary to the
moad.

Simulations will then generate aseries of doservations. Theri output is, in fadt, a numeriod series
ond not a mothematiod generd relation. This series of numbers con then be drectly compared
with red data

In maony aoses it's possible that fraditiond econometric prooedures give best results. |n fadt, here,
apart from starting vdues, dl the numbers of the series are generated by the program ond then
the input varicbles will probocdly be dfferent from the red vdues, used in the tradtiond
econometric ondysis.

As aoserved by Gohen ond Cyert (in Gyert ond March, 1964), these differencss reflect the fodt thot
traditiond models are "one period change moddls” while simulafions are "process moadels”, i.e
models characterized by on infernd evalution.

When amodd contain a feedoadk medhanisms, simulations could dlow more aoaurate foreoosting
(on example is the ondysis proposed by Gohen, 19600).

1.B. Normative models developed in the management science

In this redm the complexity of the environment con be monaged more ecsily and with grearer
flexibility by simulations than by mathematiod techniques ¢s linear programmming.

The dfference with the other two kinds of simulations is dear, s these models have a normative
dmension ond not a positive one.

This kind of simulations wos very relevont ond frequent in the period under exam. Shubidk (1958)
stafes that simulations wos born in this redm (with military and monagement purposes).

Aso Simon (1978), loocking badk of the devdopment of these techniques in economics ond
maonogement, stress the relevonce of sudh procedures for Amerioon Business firms, in deding with
their inventory, aosh-holdngs ond investment dedsions. So the dedsions procedures of these
orgonizations are much dfferent from the previous years ones'. These techniques dlow,
sometimes, firms 1o toke dmost rationd dedsion, or, of lecst, to aoply more powerful heuristics.

[t's not surprising that the first authors to propose this procedure in Economics were schaars with
an high tendency to interdsdplinary ond with interest in manogement.
The same recson could dso expdn the low interest sdidted amnong froditiond economists.

1.C. Economic decision-making

Amost dI economics models are based on some dedsion making proasss of on economic actors.
Also maaroeconomic models aon be recd in this way. A demond aurve, for example, aon e seen
s aregoresentation of aseries of dedsions. So paint a and ¢ have mony arecs of intersection.
When we move from moao to miao moddls, ond from normative to positive andysis, the
behaviourd eements become more relevont.

' That's on importont notes to rememiboer dso for modalling (americon big) firm's behaviour.



Agan the usefuliness of simulations is here rdlated to the degree of complexity they dlow to
honde.

There is another importont cspects, aoccordng to the authors. Computer dlows, in fact, dso to
build ogents that monipulote symbols ond information, dfferent from numbers (like words or
sentencss). This chaadteristic would permit to moddl situations in which the importont factors
connot be represented cs red numboers. Simon proposes Two example of the limits imposed by the
need to modd dl cspects with number: risk is represented with praodality distribution ond utility
is ondysed with aaardnd function.

Importont cspeds in dedsion making, aonnot be represented using numibers. Computers aon e
programmed to dlow a different modellization.

The next two paograoh proposes two example of simulations developed by the authors under
exam, ond fdling into this third category.

1.C.I. The analysis and modelization of perception and memory storage of individual
chess players

Simon-Baenfdd (1969) ond Simon-Glmartin (1973) build a computer program o Mmoo
per ogption ond memory of dhess players.

The ondysis is bosed on a detdled reconstruction of the red medhanisms working in this
situations that is useful to reacdl here ond to relate to the charadteristics of the simulation.

During the first moments in which askilled player is faoed with a new game position, he does not
gopear to engage in aseach of possible moves. In fact, he seems o be gathering information on
the prodem. This findng results from a series of empiricd investigations, bosed on dfferent
procedures, like protood andysis and experiment on perogption (de Grocot, 1965, 1966).

Ancther empiriad findings is then considered: the way in which indviduds |ook of the new position
they ae exposed to. This cspects con be andysed using the record of eye movement (a procedure
used dso in other experiments, see for example Rumiati, 1990). Such procedure (that aon show
the sucosssion of fixations but not what information is being proasssed of each fime) dlows o
observe that af each point of fixation the subject is aoquiring information doout the loaation of a
piece at o near the point oserved, and dso information on the piecss around that bearing a
signifioont relation to the fixed one.

A first generd cspects should e noticed dso the soffware designed to play chess by "selective
seadh" (s the one used by Simon) contdn proassses that oon be Idodled "perogptud” ond it's
then a possible way to modd situations of this kind. Some kind of peroggtion is, in fadt, necsssary
to dlow asdective seard.
Simon ond Barenfeld simulate the initid sequence of the eye movements of humaon sulgects using
aprogrom odled PERCEIVER,

A pat from the empiricd ondysis, the program requires aseries of other hypothesis, for example:
for each of the pieces near to the one fixed, four cspects are detected: () if they defend the piece
in exam, (b) if they attadk it, (© if they are defended by it, () if they are aoftadked by it. The order
in which these items are noticed is relevaont, s when apiece is notficed far one of the recson seen,
the fixation is moved on it. It is dso necessay to define the starfing point of fixation (a piece near
to the centre of the board)?.

2 The author don't disauss the origins of fhese hypothesis ond their relevance on the results. Well come
back on the pradlem of cssumptions in simulations.



Pictures Tb ond 1c (in oopendx), token, from the poper under exam, show a comparison amnong
the path of fixations of respectively on expert red poyer and a simulated artifidd player in the
game position of picture 1a Six of the humon's player fixations fdl in unoacupied sauares (these
aon be related to prodlems of adibration in the andysis of eye movement, o con have other
unknown explonations), while the artifidd player dways look at occupied saquares. Neverthdless,
Simon ond Barenfd notfices a considerdde concordonce between the dgedts of arfention in the
two ases (the same piecss and the same relations with their neighloours; these cspects con be
seen better looking dso at the output of the program reporting in detdl the cspects andyzed, see
picdure 2). It should e noficed that PERCEIVER's foauses of affention don't rest on particulor
evdudtion of the possible moves and developoment of the game, but just on a series of simple
seaadh rules.

At the end of the series of fixations, PERCEIVER identifies the Bladk pawn o8 under defended. Then
it start anew exporation to find moves that could protect it (using the same perogptud rocesses
s befare). In this waoy it dsocovers three posside moves. One of this is discovered in the same
way by the humon expert used s albbenchmark.

The main am of this exanpleis to show that a computer con use perogptud proaesses resembling
those used by humaon suljedts. PERCEIVER is, in fad, dde to extrad from the board dmost the
same information of a skilled humon player. The detdl of the processes should yet be best
understood dso because, there are importont cspects unknown that should e hypothesized The
program aon consequently be improved,

There is a second cspeds that define the humaon performonce in chess game perception: the
aopadty to retan the information gothered ond to reproduce it in the memory. This cspect is
reproduced with onother program.

Again, the andysis stats from experimentd results showing that the dality of red players o
reproduce a dhess position ofter afew seconds' exposure 1o it depends sensitively on:

Q) his dhess profidency ond

) on the memingfulness of the position.

This is agan a centrd csped in the work under exam, s Simon ond Barenfd (p. 369) states that
"on explanation of chess peragption must be consistent with this dofaif it is to be regarded s
satisfactory”.

The explonation should dso e consistent with the known characteristics of humon short ond long
term memory. Simon's ondysis of this cspedts is bosed on the idea of chundk’. Here it is defined
o "ony configuration that is faomilior to the subject and aon therefore be recognized by him.
Chunks dffers among indviduds, in the acse of chess, aocoording to their experience ond levd of
skills.

I f a configuration of relations is recognized s familiar it aon be represented in memory by asinge
chunk. In this way the short term memory aon retan maony more relations than if they must be
held independently. Then expert pdayers aon retain in thair short term memory muach information,
gven on exposition of the same fime,

Subjects con usudly held in their short tferm memaory only doout seven chunks (ondin such ashort
term they con proboddy fransfer to long term memory only one chunk).

This port of the percgption process is simulated using a program adled EPAV, that waos origindly
developed in a dfferent sefting, where it wos dde to moke correct predictions on the effects of
fomilicrity in rofe verbd learning.

The new complete programn conoatenate PERCEIVER and EPAM and am to simulate the memory for
chess position of both awedk ond amester chess player (Simon ond Gimartin, 1973).

% "Chunk is atedhniad term in psychology, mecning any unit of knowledge that hos become familicrized ond
hos a pace in the memory index. As it hos a place in the index, a chunk is anything you aon recognize in
your field of expertise' (Simon, 1997)



It is composed by two main parts:

(1) alearning component that stores in the long-term memaory a varying amounts of information
aoout simple reaurring patterns of pieces on a dhess boad, proposed in atraning session;

(2) aperformonce component that: (20) detects the pieces on the board, (2b) recognizes patterns
(the recognition depend on the chunks -i.e. on the patterns - that have previously been stored in
the long term memory; only these sequences aon e recognized) and stares them in the short
term memory (that is limited in copadty ond thon contdn a maximum of seven names); (20
decodes the information in the short term memory ond reproduces s muadh of the origind board
position s possible.

Picture 3 (in oppendx) show the output of the second part of the progrom.

To test the vdidty of the moddl, dfferent nets of patterns were build by proposing to the prograom
aseries of usud dhess peositions (arawn from gomes in the pubdished literature).

Two kinds of net were build, with dfferent dmension, stondng for dfferent leva of cality of a
player (Simon and Chase, 1973, showed that chess skills depends in large part upon a vest ond
orgonized long term memory of chunks; see dso Simon, 1978).

The performanace of MAPP in recognizing patterns wos then compared (in dfferent drection ondin
aquantitative ond quditative terms) to that of an experimentd sample of moster and dass A chess
players. It resulted ogan a quditative resemibdance between red and simulated behaviour (a
similaor percentage of pottern recognised, the same pattern recognized more frequently). The
programis then again ddle to aocoount for the main features of the human performonce.

A neodossiad representation of this situation would proboddy have leod to amodel to generate the
best moves. This program, on the contrary, try to aoccount for red humaon dedsions.

As seen, the simulation just desaribed are, in fact, based on a detdled reconstruction of the red
humaon proossses, in relation to the dfferent steps of the perogption mechaonism of chess board
positions. The man dstinctive features of such medhanisms ae empiricdly individuated and
extropolated from the redity, using many kind of methodologies: experiments, profocol andysis,
eye movement ondysis ..., and looking of andysis from different domain (not only from studes on
cdhess, but dso on memory; peragption in other situations ..).

These empiriad practices are generdly used in psychdogy. |n economics they are widely not seen
o useful o even "sdentific’, dso because the interest is generdly foaused, af maximum, on
testing models predictions, and not in findhg red hypothesis on behaviour. Neodossiod
Economics, in fact, don't toke aore of the redism of its hypothesis.

Experiments, so, should just reproduce the simple theoreticd environment ond are built to test
theories. Different instruments, ond dfferent kind of experiments ond of andysis are necsssary, on
the contrary, when the interest is dso drected to understonding red behaviour and not only in
testing moad (this is a second step in the empiricd andysis ond it requires dfferent kind of data
from the previous one) s | have noted in Novarese (2003). In this pooer | indvidudted, yet, a
new stream of experimentd research (experimentd cognitive economics) whose dm is dso that of
entering the bladk box of humon recsoning ond thon resembling the empiricd  methodologies
recdled here (Simon is, in fact, one of the main reference of this new stream).

As seen in the previous paragroph, is oovious that this kind of modelization requires naturdly a
simulation goproach.

Ancther important cspects is related to the generdity of the proposed moddlization. Chess is
token o5 on example, of amore generdized kinds of situations.

The same dementay prooesses that have been employed to simulate problem salving and
learning in dhess, operating in essentidly the same way, produce the same known feofures of the
humon perogptud performonoss in other perogptive tasks. Therefore, similar prograoms reveded
ddle to describe perogption in different environment.



This generdity aon be read in another direction too. Readling dso Simon, 1978, we aon soy that
chess behaviour ondysis stress the rdevonce of the information stored in long term memory.
Direct retrievd of possible adtion cs aresult of fomiliar pattern, provides a bcsis for professiond
performonce in mony other arecs. Where familiar situdtion are fooed®, we con exped more
sophisticated behaviours ond levels of performance, than in new arecs. We should dso expect that
this mode do not imply history-free path of action. On the contrary learning bbecomes more ond
more relevant.

In chess, players dffer in ther skills, ond the dfference are related to their experience, both in
term of number of board position seen, ond of thelr characteristics. Two players with the same
traning (in term of number of position faced), con perform dfferently, if their chunks dffers,
because of the dfferent positions faced in the post. So, indvidud knowledge of on individud is
based on his own experience. This idea is aoherent with a path dependent andysis of learning
mechanism and dedsion making (see Rizzdllo, 1999).

This modd could then represent a generd reference for other moadels of learning, based on
simulations, to e developed.

In the same period, asimilar methoddogicd aoproach (with more prodems becouse of the more
complicated situations faced) were proposed dso by Gyert ond March, to desaibbe ond modd the
behaviour of cnother economic agents: the firm®.

1.C.l1. The simulation of oligopolistic firm's behaviour

The andysis proposed by Cyert ond March (1964) represent a big effort to build a redistic theory
of the firm, empiricdly founded ond going beyond the tradtiond economic vision (when the
ondysis weos redized, the main theory of the firm wos that proposed by the generd equiilibrium
moddl; the theory of fronsaction aost wes still not well know ond studied).

methoaology of the empiricd andysis

The first part of the contribbution in exam is, in fact, again based on an empiriod ondysis redized
on the field, looking at severd red orgonizations' behaviour.
The firm studied operate in digopalistic markets.

The empiricd effort is bosed on the ondysis of

a) dfferent kind of infernd documentations (receipts, lefters, memoronda ).

b) interviews with the members of the firms,

O drect aservations of dedsion maoking prooesses (a memiber of the researcdh group partidpated
to the main meseting of some of the firms, eventudly verbdizing it).

Two experiments on orgonizationd communicafion complete the empiricd evidence availade.

For exanpe the authars descailbe four praoblems of dedsion, in which expectations, avaldde
information and their interpretation play acaudd rde.

main empiriocd results
These lost cspects ae centrd, because firm's dedsions rely on estimations of dternatives costs

ond payoffs, and on a vision of the world thaot are generdly partid ond dfferent from the redity,
dso beaause only asukset of the possible avdldde choicss is generdly token into aoocount.

4 As painted by Egidi, 2002, it's dso possible that some pattern of adtion aon be extended to new situations,
showing some elements of similarity with those in which a given strategy hos bbeen learned

5 Similar aoproach aon be found in other of the godlications developed in that period ond surveyed in mony
of the poper recdled.



Firm's orgonization and characteristic influence both peragption ond exploration of the dterndatives.
There are, besides, dways conflict of interests amnong the dfferent internd sub-grougs.

There is dso asfrong inertia in the dedsion proassses (dternative more similar to those tcken in
the near post have on higher chonce of being aoogpted).

[t's dso relevant the order in which the dfferent possibilities are found ond then evduated. |f
dterndfives ae generared sequentidly, the first that dlow a satisfidng payoff is, in fact, chosen.

a generd modd of firm behaviour and some gqoplications

This generd findngs are used 1o propose a generd theary of the dedsions making info a complex
organization.

The generd moadels is not formdized. [1's bosed on aseries of generd idecs.

The authars develop in detdl some spedfic foomdized modds, o simplified examples of the
possible aoplications of the generd idecs. Al these godlications are redized using computer
simulations, that for the authors represent the noturd theoreticd longuage o modd this theory.
Even if the examples proposed are simpified in respect to the generd modd, in fact, simulations
(ond flow charts) are the only way to monage such complexity.

The mdn prodems related to simuldfions ae dso presented ond dsaussed during the
presentafion of the examples. The book has dso two methodologiad aopendix, on simulations ond
on explanation ond foreoost in economics. Welll readl them in the next paragraoh.

In synthesis the modd proposed s examples are the fallowing,

1) The first one is a paticula mood of duogpdy, in which an ex-monopalist faoss a "new firm',
The madn dedsion is related to the levd of the production.

An importont feature of dl these modds, is that firms have a god that represent both the
varidde(s) to tcke cae (the vaidde to maximize in the neodcssiad moaddl) and a aiteria to tcke
the man dedsion (the leve that the varidde should reach, i.e. alevd of cspiration). The god is
here the profit.

The dedsion are bosed on an estimation of the market price. The red price aon e dfferent from
the estimated one.

For both agents, the process start with a foreaost of demond, aosts, and of the reaction of the
other firm ond with the definition of the desired profit (bcsed on a meon of the post profits; the
ex-monopdist compute the meon on alonger number of yea's; the new firms toke dso in examiits
relative productive oapaaty).

In the second phase, given the results of the previous step, each actors ook for the best avadldde
choice. If such dternative don't dlow to reach the desired prdfit, there is anew step in which the
function of aosts (accordng to the empiricd ondysis performed, Gyert oand March think that,
becouse of the "inertid' of each orgonization, there ae dways costs that con be reduced, given
oporopriate condtions fordng to do that; this process o re-examination stimulate the firm to
reduce its cost; in the moddl under exam, aosts are reduce of a 10% percentage) ond demond are
estimated again.

Picture 4 (in gpopendx) proposes a comparison between the markets shares of the two firms in the
model ond that of two red firms, in a duopadly similor o that under exam (the two firms are: the
Americon Gon Compony and the new entrant is the Gontinentd Gon Company).

This comparison is not supposed to prove faor itsdf the vdidty of the modd, even if the fit is very
good. According to the authors, in fact, the moddl proves that given a series of condtions, it is
possible to fit the red data The prodems is related o such cssumptions. As in the moddl there



are many degree of freedom (mony parameters), it possible that aset of its series could be dde to
fit the red dota Even if in this particular aose, such parameters ae few, and most of them were
defined a priori, the dfficulty remans.

This is one of the main pralem related to simulations, on which Cyert ond March insist in the ook
ond on which welll come badk Iater.

2) Another example is that of a dgoafment of a dsaount. In this ase the digopdistic market is
compesed by the three discounts of adty.

Accordng to the authors the model could be extended, with few dfferences, to the other
departments of the same firm or to other dscounts, cs the dedsion processes are very similar.,

The generd god of this orgonization are relared to the sdes ond to the mark-up on the costs.
These dedsions are token aooordngly o a generd modd (again bosed on empiriad observations
of the red functioning of the department under exam), bosed on four prindples:

a the firm is seen 6 a codition of indviduds chaocterized by dfferent persond gods; the
conflict that born from this situation is sdved (or at lecst the sdufion is searched, even if not
neassscrily suaoessfully) thanks to: (i) the use of a"locd rationdity" (division of the prodems in
sub-prodlems cssigned o sub-units for the sdutions, ond then speddization in the dedsions: for
example sdes department is the main responsibe for sdes, the production degpartment is the main
responsible for produdion ). (i i) the fadt that the coherence of the rules is wedk (so dlowing to
keep together dfferent gods); (iii) a sequentid oftention af the problems (with the consequent
passibility of dfferent on not aoherent sdutions in dfferent moments);

b) firms try to avad, uncertanty, using rules of reaction in the short period ond making the
environment more known through negatiation (stondard procedures, industrid traditions ).

0 '"prodemdtic reseadn": the seadh of new sdutions is driven by the prodems faced (a
mechonism of seach dfferent from more systematic kinds ones, o the seach dmed to
understond. technicd goproach vs. sdences). Then search is orienfed by one problem, ond
motivated by that prodem. [t's dso distorted by the charadteristics of the orgonization;

d) orgonization learns ond then evdves, modfying its gods ond its rules.

Picture 5 (in gopendx) proposes a representation of the generd functioning of this procedures,
using a flow chart.

This generd modd is spedfied (ond partly simglified) for the department under exam.

Where possible, the previsions of this modd are compared to the redity. The data avdldde (i.e.
the data gathered by the firm) doesn't dlow to test dl parts of the moddl.

There ae good daota on the prices and on the mark-up. Using ¢s input the data on red costs ond
on the dassifiaations of each goods, the progam produces s output aprice for each items. These
prices aon e compared to the red ones dedded by the department. |n the 95% of the acses, the
model gives a perfedt prevision. The modd has a good agpadty to foreaost dso the liquidation
prices of some items and the spedd offers (it is designed to indviduate when aliquidation price or
aspedd promotion will be proposed)

3) Thelost example proposedis a generd moddl on price and production for digopdlistic firms.
The progam reoresents, for the author a first aitempt, to build a generd model ond should be
further developed.

In respect to the tradtiond moddls is yet much more complioated, ¢ it Takes into aooount severd
cspedts.



The choicss that a firm should tcke ae:r the price, the levd of production ond the marketing
strategy. Each of them oon be related to a sub-dvision of the firm, that operate with a relative
independence from the other degpartments.

An (ogent bosed modd of the digopay market results from the interaction of mony firms,
represented by asimilar model but with dfferent starting condtions ond parameters.

Firms interact both trough maorket price ond demond, ond with aredprood attention when a price
should e defined

The moddel generates a detfdled series of dedsions, related to the infernd results ond ams, for
each of the firms ond a market price and quaontity.

The andysis of this generd modd is just afirst step, and dlows authors to dsauss an importont
question: the relevonce of the parameters on the generd results of asimulation.

They try fo indviduote the paaometers that have a signifioont influence on the output. This
ondysis is based on a regression of the man output varidde of the moddl on a selection of
parometers.

Some of them, show in fadt, astrong influence, while others seems to be less relevont.

As the authors say, this prodems is reated to the lack of empiricd odoservations on some cspects
(when the research on the fidd started, the modd ond the paameters were, doviously, still o be
plonned, ond so not dl the empiricd cspedts relevont for it were gathered besides, there ae
ocspects that aonnot e seen).

To sdve this pradlem, some of the paameters should probddy e modelled ond get s results of
learning mechonism of higher level.

Simulations and the methodology of Economics

As seen in the examples, simulations are introduced by the authors under exam, s a necsssary
tod for monoging complex moadels, based on redistic hypothesis founded on empiricd findings of
dfferent types. The need for redism is a centrd point in the methodologcd program of this
schod, from which the other ospects fdlow in a rdated way ond it is seen s a necsssary
condtion to dlow a better comprehension of the redity, and maybe dso abetfter prevision, thanks
to the fadt that more complicated models con e performed using computers. The complication in
modkels is strongly related to the search for more redism (Cohen 1960b).

Unredistic hypothesis are, yet, not refused a priori (dso in the models seen here there ae many
cspects not empiricdly tested) but connot be aoogpted if they are proved to be fdse ond if amore
redistic one aon be found (and should be found), independently from the performonce of the
moadl.

Even tradtiond modds are not refused for itself. Computer programs dlow to express theories in
anew dfferent mathematiod longuoges and dlow then new paossikilities that aon e added to the
other avdldde languages (verbd longuoge, groohics ond maths).

When possible, simulations should e performed in pardld 1o traditiond mathematiod models, hos
oth of them hos limits ond advontoges.

Simulations are less generd, o they need more information thon troditiond models and their
results are aseries of number. That's not necessary alimit, it's just a dfferent charocteristics, thaot
hos many positive implications.

In fact, for example, these series of number make it possible to test immedatdly the theory more
ecsily thon traditiond models.

That's particularly importont beocause using simulations it is possible, not only to honde very
complex situations, but dso to build theory that ore intrinsicdly dynomic, and not only bcsed on
one period movements.

As red data ae dynamics, in this way it's ecsier to compare theary aond redity (but again,
empiriad verification is not so relevant for some of the traditiond economist).



Gohen 1960 proposes other positive elements related to simulations.

- In respect to aggregate economic modelling (Cohen 1960b), a micao aoproach have mony
advantoges. Markets, for example, become emergent phenomena, arising from the inferadtion of a
series of firm (whose heterogenaity aon dso be modelled, while this characteristicis more dfficult
to be acoounted for it in fradtiond micro models ond it's exduded in aggregate theorization®). 11's
possible that fadtors that differ among agents ond that are exduded by aggregate models (or thot
ae not expdndde by them) ocould compensate eadh other in oggregate sef. But that's not
necsssay, os this individud effects aon dso have a strong effect on the generd result. A miao
moadlization is then abetter way to proceed

Even firms aon be moddlled s emerging from the indvidud characteristics of their members (see
Novarese 2003, where the rdevonce of this cspeds is empiricdly andysed). Cyert ond March
(1964) indude, more or less dredily, this cspects in their modds, taking intfo aocount the conflict
of interests and the rde played by the dfferent departments in a organization.

In simulations, heterogeneity aon be relofed to some differencess posed by the researches but aon
dso results from different learning processes, given the same generd modd (cs, for example, in
Simon andysis of dfferent chess payers, that dffers in relation to the length of the traning ond
aon differ dsoin relation to the positions faoed).

- The cssumptions are ecsy to modify ond change than in fraditiond ondlysis”.

This new methodology reflect themselves dso in the relation with Econometrics that is not refused
by asimulation goproach. Thereis on the contrary aneed to inferact. The new goproadh, besides,
poses New proldlems ond recuirements (proposed by Choen 1960b os onother aritiad factor for the
development of simulations; Cohen and March 1964 recdl them and give some preiminary idecs
of the possibbe drection in which find asdution), s econometrics developed in strict relation with
traditiond one-period models®.

The novety of the goproach under exam ond its attention to empiricd andysis is reflected dsoin
the variety of empiricd data ond andysis used. Gonsider the falowing examples.

- Simon ond Chase, 1973, propose an experiment with a detdled ondysis of the bbehaviour of just
three dhess players. Their dm is that of understanding how they play, not to test amode!.
Experimentd economics is generdly used to test theory ond there is generdly no oftention in
understonding why players bbehave in that given way (see Novarese 2003).

- Gyert ond March proposes a series of aose studes, o6 a way to understond how firm tokes
dedsions.

® But that hos the dsadvontage to inaecse the aosts of the ondysis, cs it mcke necsssary dso a wider
study to indviduote dl possible kinds of agents and to model them

7 Simulations dlows to work with formd models dso to non mathematiod economists. They should, yet, be
ddle to monage computer simulations. In the lost years more ond more economics courses are starting to
indude such skill, but in the 60s it wos prooddy not so, ond this aon be another fadors dde to explan the
low inferest in this goproadch.

The suitdality of ecsy programming longuage were posed by the same Gohen s one of the audd fadors
for the development of this goproadh. I1's possibdle that the development of aged oriented programmation
helped to inaecse the rde of simulations in economics (Prietula et d, 1978).

Qakson and Simon (1960) and Simon (2000) pose dso the aftention on the relevonce of the development
of "heuristic programmation” dlowing to simulate system that monage non numericd vaues.

8 It's not possible to andyse here this csped, that are just mentioned in the studies under exam. In short,
the prodems recdled are related to:

-aiteriato postulate ond estimate more compliaate fundiond forms have to be developed,

- the estimations of the parameters (to be done before the simulation is run ond representing one of the
possible way to sdve the prodem seen) poses other prodems os most of them aon e generated by
simultfoneous equations of amodd;

- it is necsssary to devise test dlowing to define the goodness of fit of simulated and red data (considering
dso that red data con have mecsure pradlems)



Gose studes are onother tod that economics tend to avoid, for mony recsons. There is still no
methoddlogicd agreement on how to condud them ond present their dotd’. The main problems
ae related to the waoy dedsions ae ondyzed The reseacher aon, dso unconsdously, be
influenced by his personaidecs ond interest in gathering information. His presence aon influence
the behaviour of the suljects under exam. There is dso an dovious problem of generdity of the
results found'®.

Simon (1992, p. 20) hos yet on answer to such aitidsm: "If you are trying to understond what
firms are and how they operate, you will learn a lot from this kind of very detdled study of the
proossses of dedsion ..Of course, we should not stop with five firms. Bidlogists have desailbed
millions of spedes of plants ond onimds in the world, ond they think they've hardy started the
job. Now, |'m not suggesting that we should go out ond desaribe dedsion making in amillion firm;
but we might at lecst get on with the task and see if we aon desaibe the first thousond. That
doesn't immedately save the oggregation problem, but surely, ond in spite of the question of
sompling, it is better to form on aggregate from detdled empiricd knowledge of a thousond firms,
o five, thon from drect knowledge of none. But the Iatter is what we have been doing in
economics for too mony years”.

The authors in exam don't dsauss in detdl this spedfic problems of the empiricd ondysis
(probddy dso beocause of that time there were a dfferent status among economist for the
empiriad reseadh; for example the contemporary, more rigorous, waoy to present experimentd
results developed loter, see Novarese ond Rizzello 1999) but stress the need of getting befter data
ond ooservations on red behaviour. s a condtion for the development of simulation technicues
ond of the more generd (behaviourd) economic methodology.

Mach ond Gunberg (in Gyert ond March, 1964, p 366) put the empiricd ondysis s the starting
paint of their methoddlogy. They think, in fact, that economics should be seen s part of the study
of humaon behaviour and than it need true empiricd hypothesis that con be used in dl contests
ond models.

GCohen 1960a states that simulations are espeddly adopted to the development of a behaviourd
models of the firm at a miao economic levd. This statement con be extended to the generd
behaviourd micao-moddization.

To tcke full advaontoge of simulations, it is then necsssary to adotdn a grear body of empiricd
materids'' (Cohen 19600). Computer programs aon represent a framework around which orgenize
the adlection of data

This is a positive dements, but again dso aposside bound, s o develop albehaviourd opproadh,
alot of data ae necsssay ond they should be very detdled ond so complicated ond oostly to
aollect (this con be another factars dole to explain the low suacosss of this approach) 2.

This views of the economic requires, obviously, a ddogue with other disdplines (psychdogy first
of db).

Conclusion

This pooer proposed an ondysis of the methodoogiod opproach o economics developed ond
proposed by a series of authors in the sixties. This goproadh aon be defined cognitive ond

? Also beaause of privacy pradems of the firms under exam.

10 The fithess of the spedfic model proposed by CGyert ond March aon be dso affributed to its peadlicrity ond
ladk of generdity.

" Simulations recuires dso a detdiled andysis of working prindples ond institutions (in that there is a
pardld with experimentd economics).

12 The aosts comprises dso the "mentd" diffiaulties of a more interdsdplinary opproach by the economist
that should be, in fad, less speddized to perform it (in the readled papers, empiricd ondysis, theoretiad
modelization and computer progams were dl present together), losing the advontoge of dvision of the
|coour.



behaviourd, because of the affention to red perogotion and dedsion moking and to the rde
ossigned to learning orocssses.

One of the man point of degparture is constituted by the wish to relay on more redistic
ossumgptions, s a condtion for befter a understondng ond foreacst of the redity. This idealead to
the need of more dota ond of dfferent empiriod methodologies (see dso Simon 2000).

Simulations are seen o the most important, even if not unique, way to moddise the resulting
complexity.

The papers disaussed indviduate a series of prodlems ond need, that are related to the kind of
generd goproadh pursued, but that have, in some ases, dso a more generd vdidity ond seems
then useful for the contemporoneously debbate on simulations (that is not necssscrily linked to a
behaviourd opproach ond bosed on redistic cssumptions), cs mony of the prodems seems to be
ogadn present, os testified by Testfatsion 2002,

References

« Tesfatsion, L. (2002), Agent-Bosed Computationd Economics, |SU Economics Working Paper No. 1,
Department of Economics, | owa State University

« Simon H.A (1978), On How to Dedde What to do, The Bell Journd of Economics, Vdume 9, Issue
2, Autumn, 494-507

« Simon HA od Baenfdd M. (1969), Information-processing andysis of perasptud proassses in
prodem salving, Psychdogiad Review, 76, 473-83

«  (Chose W.G and Simon H. A (1973), Percgption in chess, Cognitive Psychdogy, 4, 55-81

e Qakson GP.A and Simon H.A (1960), Simulation of Indvidud ond Goup Behaviour, The Ameriaon
Economic Review, Vd. 50, Issue 5, Dec, 920-932

« Simon HA ond Glmatin K. (1973), A simulation of Memory for dhess positions, Gognitive
Psychdogy, 5, 29-46

+  Gohen K.J. (19600), Simulation of the Firm, The Americon Economic Review, Vd. 50, Issue 2,
Papers ond Proceedngs of the Seventy-second Annud Mesting of the Americon Economic
Assodation, May, 534-540

+  Gohen K.J. (1960b), Computer Models of the Shoe, Leather, Hide Sequence. Endewood Qiffs, New
York

e Ceat RM e Madch JG (1963), A Behaviourd Theory of the Firm, Endewood diffs, New York,
Prentice-Hdll, dso published cs (1970), Teoria ad Comporfamento acdll'lmoresa, F. Angdli, Milono

e Shubick M (1958), Economics, Monogement Sdence, and Qperation Researdh, The Review of
Economics ond Statistics, Val. 40, Issue 3, Aug, 214-220

«  de@oot AD. (1965), Thought ond choice in chess, The Hogue, Mouton

e de Goot AD. (1966), Perasption ond memory versus thought: Some dd idecs and recent findings.
In B. Kleinmuntz (ed), Prodem Salving, Wiley, New York, 19-50

*  Rumiati R. (1990), Gudzio e dedsione. Teoria e oopiczioni della psicdoga delle dedsioni, |1
Mulino, Bdogna

« Simon H.A (1997), What We Know doout Learning, speech of the 1997 Frontiers in Eduaction
oonference, Pittsburgh < hftp//fie. engng.pitt.edu/fie?7 /paoers/1501.pdf>  (dowloaded  on
September, 1, 2003)

« Edd M (2002), "Bicses in Orgonizationd Behavior', in M Auger ond J.J. Madh (ecs), The
Economics of Choice, Change ond Orgonization: Essays in Memory of Richard M. Cyert, Aldershot,
Edward Elgar

e Rizzello, S. (1999), The Economics of the Mind, Edward Elgar, Aldershot

* Prietula, M J., Carley, K. M., ond Gesser, L. (1998). Simulating orgonizations: Computationd models
of institutions ond groups. Combridge, MA' The MIT Press.

« Simon H.A (1992), Colloquium with H. A Simon, in Egidi M., Marris R. (eds.),
Economics, Bounded Rationdlity and the Cognitive Revolution. Elgar, Aldershot

« Simon H.A. (2000), Bounded Rationdlity in Social Science: Today and Tomorrow, Mind
& Sodiety, Vol 1, n. 1, 25-40

« Novarese M (2003), "Towad a Cognitive Experimentd Economics”, in Rizzello Sdvatore (ed)
Cognitive Paradigms in Economics, Routledge, London



Appendix: pictures

Picdture Ta

Picture Tb

Picture 1c




Picture 2.

Table 1. Sequence of Fixations and Noticing
Acts; PERCEIVER Program.

1. Black pawn
K4

2. Black Knight attacks
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4 White Knight attacks

attacked by White Knight
defended by Black Knight
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105)
defended by White Knight
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13. White pawn
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15 Black pawn
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Picture 3.
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The vertiod axis reports the ratio amont the market shares of the ex-monopalist ond of the other
firm. The horizontd oxis show the year. The doshed line represents the true dora

Picture 5

Fig. 6.1. « Processo di decisione dell'organizzazions in forma generalizzata
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