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Abstract The purpose of this paper is to suggest that inyman

social and economic contexts, self-awareness oftageof little
consequence. The complexity of many such systesmsery
high. No matter how advanced the cognitive ak#itof agents
in abstract intellectual terms, it is as if theyeoge with
relatively low cognitive ability within the systemThis can be
the case even when the emergent properties ofydtens are
known to individual agents. Examples are givemmfrmacro-
economics, the evolution of firms, financial maskeand
games.

1INTRODUCTION

The purpose of this short paper is to suggestithaiany social
and economic contexts, self-awareness of agentsd igtle
consequence. The complexity of many such systesmsery
high. No matter how advanced the cognitive ak#itof agents
in abstract intellectual terms, it is as if theyeoge with
relatively low cognitive ability within the systemThis can be
the case even when the emergent properties ofytens are
known to individual agents.

This is not to say that the arguments of Gilljgftand of
Goldspink and Kay [2] are not valid in some emgitisettings.
But | want to suggest that the situations in wthluky are valid
might be rather circumscribed. The Turing rulet tthee vast
majority of real life problems have no algorithrsmution limits
the empirical usefulness of the assumption thahtageperate
with advanced cognitive ability. In many real I§guations, the
dimension of the problem scales super-exponentiallgn when
considering situations in which interactions betweagents and
emergent properties of the system are absent. K&erior
example, provides an illustration of the dimension®lved in
even quite simple consumer choice decisions.

| am not pretending to offer in any way a probimy main
point. But | want to provide empirical examplesl am
suggesting that a key issue in the context of kieene of this
session of the conference is prior consideratigh@ffeasibility
of agents exhibiting advanced cognition in any ipalar
context, regardless of their inherent intellecwiailities.

2THE MACRO-ECONOMY

The problems of assigning advanced cognition toisgesven
with no emergence, can be illustrated first oftglireference to
the macro-economy.
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The economy is undoubtedly a complex systerh sibergent
properties. The decisions of millions of individlu@mnsumers
and firms interact to produce the movements werobsat the
aggregate, macro-economic level in variables sushtasal
output (GDP), inflation and unemployment.

Policy makers have a strong incentive to bpdssession of
forecasts which are systematically accurate ovee.ti If they
have little idea of where the economy is likelyo®in a year's
time, say, the ability to carry out a successflicgantervention
is obviously limited.

Policy makers and their advisers are very nawhre of the
emergent phenomena of a macro-economy. Indeeds it
precisely this data, which emerges from the intgzas of the
agents at the micro level, which they are tryingnftuence.

There is a large literature which shows thamnesn one-year
ahead predictions, the forecast errors are latgdve to the size
of the data. Forecasters seem to do well wheretbaomy is
pretty stable, but are quite unable to capturengrpoints. The
evidence from the forecasting record suggests wheatan do
ever so slightly better than the naive rule whigyssext year's
growth is the same as this, but there is not mogh iThe only
economy which seems to deviate from this findingatoy
significant extent is that of the United Stated, gqgen here the
level of predictability is very low by scientifitandards.

There is a whole branch of economic theory| besiness
cycle theory, which argues precisely that cycleseafrom
random exogenous shocks. As it happens, | thiekcftle is
mainly endogenous and not exogenous. But heresiriaus
part of mainstream theory which hypothesises tiashort-term
growth rate of the economy is unpredictable. Ofirse,
predictions can always be carried out, but ‘unpotadile’ here
means that it is not possible to make systemajiGdturate
forecasts. So our ability to learn to make shentat macro
forecasts is very severely constrained. We doapgear to be
able to process successfully the available infaonat

| started off many years ago as a forecasted, i soon
became clear to me that it didn’t work. I've béeterested for a
long time in why this should be the case, and ayears ago |
finally worked it out. Physicists and mathematisahave
developed a technique, random matrix theory, weitables us
to decompose time series data into what we migfully think
of as signal and noise. Signal is the bit thatt@ios genuine
information, and noise is, well, noise. | used ti@chnique and
published an article irfPhysica A on the failure of macro-
economic forecasting [4]. Essentially, the datddminated by
noise rather than signal.

The lack of predictability of the cycle doed nean that the
agents taking the decisions which generate the eye acting at
random. It is a question of dimensionality. Theaelnsion of the
problem leads to the data appearing ‘as if’, adiaive phrase of
economists, it is close to random.



Theoretical approaches which contain sophitta
autonomous agents following maximising rules, sashreal
business cycle theory, are unable to capture kegrgant
features of the system, such as the (weak) timefraogiency
domain regularities, the distribution of the duvatand size of
recessions, the overall distribution of GDP growdtes and the
distribution of individual firm growth rates. Imotrast,. models
which have simple agent rules, but in which ageats
connected on networks, can.[for example, 5]

A series which, at least for the UK, is not bk to
distinguish from a random one is tlohange in the rate of
inflation [6] The Monetary Policy Committee of thgank of
England have as their objective the maintenance grticular
rate of inflation. All the members are thoughtind intelligent.
They have large teams of highly qualified resealeenployed
to discover the emergent properties of the sysiewther words
how the macro-economy operates.

Yet, given that the change in inflation is istiiguishable
from a random series, they do not know what the oainflation
is going to be in, say, one year’s time. Spedificahey do not
know whether it will be higher or lower than itas present. So
their ability to control the rate of inflation, toeet the target, is
very seriously constrainéd

The macro-economy is an important example ofimability
to learn in any meaningful sense because of lindtsthe
cognitive ability of agents. It is not that theeats — policy
makers — do not have advanced cognition in genitrialas ‘as
if’ in specific contexts they do not.

3FIRM EVOLUTION AND DEATH

Firms have a very strong incentive to survive. Egement
spends a large amount of both time and money imgryo
understand the properties of the system which thaiticular
firm inhabits. Yet even amongst the very largéshs in the
world, success tends not to persists. Batty [@sithat over the
1955-1994 period ‘From the 100 firms making up Ewgtune
500list in 1955, 39 (percent) remain in 1994, drttié changes
in each year from 1955 are examined, this reveatsoee
dramatic micro-dynamics with firms entering andvieg the list
with great rapidity’.

Even more dramatically, firms both large andabractually
disappear all the time. In both America and Euyofoe
example, more than 10 per cent of firms becomeneixgvery
year. A stylised fact that is established in iterature relates to
the relationship between the age of the firm ardpfobability
of extinction, or survival, looking at it from thepposite
perspective. The probability of extinction is highthe early
years of a firm’s life. It falls rapidly, and benes essentially
flat. The finding seems to apply to firms regasdlef size.

The second relates to the concept of the diam extinction
event. In other words, during a given period wfej we identify
what proportion of firms become extinct. This gives the size
of the event. The bigger the proportion, the bigbe size. We
then relate the size to the frequency with whicks ibbserved
over the whole of the data.

2 Even assuming economists understand the connésttoreen changes in interest
rates now (the policy instrument available to tla@lB and changes in the rate of
inflation in the future, which they do not. Foraexple, the impact of interest rate
changes on the exchange rate, which is a detertohandlation, is theoretically
indeterminate

This approach is well known in the biologicekdil record.
The frequency with which any given size of extiootievent is
observed — in this case the proportion of all sggd@iecoming
extinct during given time interval — is inverselyoportional to
the square of the size. In other words, largenetitin events are
much less frequent than small ones.

It turns out that a very similar relationshipists for the
frequency-size relationship observed for the exioncof firms
[8]. So we have two stylised facts to explain.

| developed a theoretical model to accounttiem [9]. The
actions of any given firm can have either positiveegative net
impacts on the fitness for survival of any othemfi In other
words, firms might produce complimentary produdis,they
might compete. The impacts are expressed througlatax,
each cell of which specifies the impact of firrmithe fitness for
survival of firm j. There is a rule which specHighat level of
fitness a firm needs to survive, and how extincn$é are
replaced.

The key feature of the model is that, in each sifphe
model, the net impact of the actions of firm i & fitness for
survival of firm j is updated at random. In otheords, it is as
if firms had no knowledge of the impact of theirasegies. It is
as if they are unable to learn from their past expee.

This model replicates very accurately the tvey ktylised
facts on firm extinction. | go on to allow firms have a certain
amount of knowledge of the consequences of thdiore In
other words, it is as if they are able to learnvaty both the
proportion of all firms in the model with this aity, and the
amount which they are able to learn.

There are very considerable gains to being @mblearn. The
average life of agents able to learn, even smalbuets, is
considerably larger than agents who cannot leartihd limit, of
course, as the proportion of firms able to leanpragches unity,
and as the amount of knowledge which they learreases, the
firms approach infinite lives and never die.

But firms are only able to know very small amtaubefore the
model ceases to replicate the stylised facts omaidn. It
appears that a firm cannot learn very much atitilkeabout the
impact of their strategies on the ability of otfiems to survive,
or about the impact of the strategies of other diron its own
ability to survive.

As with business cycle theory, the key to thdity of the
theory to account for emergent behaviour is nostighisticated
rules of the agents, but the fact that they arened®ed on a
network. This structure of the system is more irtgod than
specific agent rules. Knowledge of the emergenpegrties of
the system would essentially be of no use to aivishaal firm.

4 FINANCIAL MARKETS

A similar result on structure is obtained by Farmierl. in their
study of share prices on the London Stock Exchafigé
Agents place orders to buy and sell at random, estitio
constraints imposed by current prices (which lithi¢ size of
order which can be placed by an individual). Thedel
explains 96 per cent of the variance of the gapvbetthe best
buying and selling prices (the spread) using a $amp 11
stocks, and 76 per cent of te@iance of the price diffusion rate,
which determines the size and frequency of chat@psices.
The price setting mechanism is a continuouslgoauction,
the process actually used on the Stock Exchange.atliction is



called "double," because traders sabmit orders to both buy
and sell, and "continuous," becatlkey can do so at any time.
The results of the Farmer et. al. paper ariserdasons which
no-one yet understands, because of this partiqulee setting
mechanism which is used.

In real life, of course, agents engage in whay believe to be
clever strategic behaviour, yet a model which neglehis
entirely performs impressively from a scientifiaggective. So,

again, thestructure of what we might think of as the game, the

price setting mechanism, is very important in detang
outcomes, more so than accurate modelling of aggimaviour.

Further, knowledge of the emergent propertfab® system,
the subtle properties of price changes, is of reotasndividual
agents in the system. They cannot exploit knowdealgthese
properties in their individual decision rules.

5 GAMES

The more abstract world of game theory offers farth
illustrations both of the difficulties of assignihggh cognition to
agents, and of the importance of the overall stngciof the
system, the institutional rules. But, again, krexge of the
‘emergent’ properties of the game would not be o€mhelp to
individuals.

A trivially easy game is noughts and crossegti@® English)
or tic-tac-toe (American English). There are npiéti Nash
equilibria in the game, so many that almost any eniovany
strategy leads to the optimal outcome, a draw. viedge of
this emergent property might be useful, but itasyeto discover
by experiment. Even young children rapidly ledrist But we
do not need to consider games which are very muoke m
complicated before things become less clear cut.

The rules of chess can be stated very reatily,a reasonably
intelligent person can remember them quickly. Bhe
computational power required to analyse most gmsiti a game
scales super-exponentially. In the vast majoritypasitions
which can exist, we are completely unable to deiteerwhich is
the best move.

Computers have essentially made progress isschg pure
number crunching. In other words,
examination of permutations of moves in a givenatibn. The
world’s leading player for two decades after thedde World
War, Botvinnik, believed that computers would evetiy beat
humans if they could in some way be programmashtterstand
the nuances of positional play in chess, rather byeexhaustive
examination of the possibilities. He led a Soviesearch
programme on this, but essentially got nowheree @ins have
not been made by computers exhibiting advanceditiogrin
understanding the subtleties of positional placlmess — the
emergent properties, as it were - but by grinding tactical
calculations.

So chess is an example of a game which caedeited very
simply, but where the dimension of the problem alfisg it
scales in a super-exponential way. Even very polvarodern
computers can only solve a limited proportion dfpaissible 6
piece combinations yet the game itself involvep&2es.

Chess of course is a recreational game witheider
applications. A game which is often held to hawanynpractical
application is that of the Prisoner’s Dilemma. Thkes are very
simple and are time invariant. Agents are assurodthve a
great deal of information. In particular, in itenplest form,

by the exhaeastiv

each agent is assumed to know the payoff valudgsobr her
opponent. This is a pretty strong assumption tkenwehen you
think about it. Yet do we know the best strategyell, we do
when we make the very specific assumption thagtmae will
end in a fixed number of moves, and that both pkalkaow this.
We might think of this as removing any uncertaimyich the
existence of the future might bring. In other wgri limits the
dimension of the problem.

There is a vast literature on the Prisonerieibima when it
ends at random. But the optimal strategy remamsiown.
Agents do not have the cognitive ability to compiite The
scientific community has invested a great dealffofein trying
to discover, to learn the best strategy, but s#ldo not know.

The Beauty Contest game is based on Keynesodam
comment on the stock market, which he likened newspaper
game popular in the UK in the 1930s. Newspapeldighed
picture of 100 women, and to win it was necessaguess the 6
which the most participants would select as thetrbeautiful.
As Keynes wrote [11] ‘It is not a case of choosihgse [faces]
which, to the best of one’s judgment, are retily prettiest, nor
even those which average opinion genuinely thihksprettiest.
We have reached the third degree where we devote
intelligences to anticipating what average opinexpects the
average opinion to be. And there are some, | believho
practice the fourth, fifth and higher degrees’

In the modern version, a group of individualasked to select
a number between (and including) 0 and 100. Tmaeriis the
person whose guess is nearest to a specified dnadii the
average of all the guesses. If all players pradithigh degree’
of reasoning, the winning number will be close e tNash
equilibrium of 0.

But experiments designed to elicit the degreeeasoning
which agents use all show that it is low, typicdltween 1 and
3. For example, Duffy and Nagel [12] set up a gamehich
the winner is the person(s) whose guess was closédsdlf of
either the median, the mean, or the maximum nurchesen by
all players. They found that players used a very brder
degree of reasoning when forming expectations lergilayers’
expectations. If the winning number were annourered the
game repeated with the same players, they found ttrea
winning number did approach zero, but even afteeated plays
of the game the degree of reasoning remained low.

Knowledge of the Nash equilibrium solution wahukxcept
possibly in the final stages of successive playthefgame by
the same set of players, be of no use to an ingivid Indeed,
anyone using this as his or her rule would in geniese. The
key to success is not knowledge of the emergerililequm, but
guessing the degree of reasoning which is beind bgeother
players.

Interestingly, Duffy and Nagel found that theusture of the
game, in this case the statistic which determimeswinning
number, had an important influence on the speel which
players converged towards zero as the winning numbe

The Ultimatum Game [13] offers an example ofvhihe
wider setting in which a game is played can be rofcial
importance to the outcome. Two players interaceamly. The
first player proposes how to divide a sum of mobeyween
themselves, and the second player can either ascegiect this
proposal. If the second player rejects, neitheyeplaeceives
anything. If the second player accepts, the morgeysplit
according to the proposal.



There is now a vast literature on this gammoat rivalling
that of the Prisoner's Dilemma. The reason fos tisi well
known. Theoretically, the first player should offee smallest
non-zero amount possible, since from the pointieivwof the
second player anything is better than nothinyet the evidence
that in general people do not follow this strategyery strong.
The game has been played in many settings, ingucies in
which the amount of money on offer is large to plaeticipants,
and this result appears to hold.

| am not suggesting that we know for certairywhis is the
case. But broader concepts of equity and fairsesssurely
important, ‘broader’ here in the sense of existiqgite
independently of the game itself. How agents pley game
does not influence these broader sets of valudstheuvalues
influence the outcome of the game.

So, clearly, there are ‘higher levels’ of engerce which are
important for outcomes. With the Beauty Conteshgait is the
policy maker (the experimenter) who selects thé&stia which
is to be used. And with the Ultimatum Game, thiécomes
appear to be determined by the broader valuescigtyo
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¢ In many social and economic contexts, self-awaremnés
agents is of little consequence. The complexitynainy
such systems is very high. No matter how advarhked
cognitive abilities of agents in abstract intelledtterms, it
is as if they operate with relatively low cognitiedility
within the system. This can be the case even vthen
emergent properties of the system are known tovithaial
agents.

e The Turing rule that the vast majority of real |gfeoblems
have no algorithmic solution limits the empiricalefulness
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of the assumption that agents operate with advanced

cognitive ability.

e The more useful ‘null model' in social science agen
modelling is one close to zero intelligence. loidy when
this fails that more advanced cognition of agehtsuld be
considered.
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