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Abstract

We study experimentsof an overlappinggenerationgnodel whereinflation is
determinedy the monetarypolicy andby theamountof averagesaving within each
period.

We usea new experimentalsetupthatallows usto obsere more detailsof the
procesof expectationforming andseparatehis procesgrom theactualsaving pro-
cess.

In contrastto experimentalfindingsby Lim, PrescottSunder;Marimon, Spear
Sunder;andMarimon, Sundemwe find that (1) agentsdo not form first-orderadap-
tive expectations2) subjectsoversave’ for precautionaryeasonsasa result(3)
the so-calledFriedmanconjectureholds, i.e. monetarypolicies which are equiva-
lentin staticequilibrium exhibit differentlevels anddifferentvolatility of inflation
in the experiment.This may generatémportantpolicy trade-ofs betweermonetary
regimes. We discussour findings andrelatethemto currentresearcton adaptve
learningandtherole it mayhave in rankingalternatve monetarypolicies.
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1 INTRODUCTION 1

1 Intr oduction

Theinflationaryimpactof monetarypolicy is a classicthemein macroeconomicsyhich
haslong beeninvestigatedhroughtheoryandeconometricstudies.More recentlyit has
alsobeenthe focusof aninterestingseriesof experiments.Following the resugenceof
interestof macroeconomist®r theoriesof adaptve learning(seeEvansandHonkapohja
(1999), for a thoroughreview), Lim, Prescottand Sunder(1994), Marimon and Sunder
(1993,1994,1995)andMarimon, SpeaiandSundei(1993),all ranexperimentgo investi-
gatewhethertheinflationaryprocesses overlappinggeneratioreconomiegOLG) with
multiple equilibriawould be betterexplainedby adaptve expectationor by the rational
expectationsypothesis.

In the settingunderlyingthe experimentswhich closelymimicsan OLG modelstud-
ied theoreticallyby SagentandWallace(1987),Marcetand Sagent(1989),Bruno and
Fisher(1990),monetarypolicy is public knowvledgeandsubjectsusemone/ asa unique
assetto transferwealth acrosstwo periods. The modeldisplaysa well-known indeter
minagy/ problerﬂl: underary monetarypolicy, the economyhastwo stationaryrational
expectationsolutions— a low (classical)inflation stationarystate(ISS) anda high ISS
— and a continuumof non-stationaryrational expectationsequilibria which reachthe
high ISSin thelong run. On the otherhand,stability of the ‘adaptive dynamics’implies
convergencetowardsthe low ISS undera large classof adaptve learningrulesandfor a
large setof initial conditions.

Theinflation pathsobseredin afirst wave of experimentqe.g. MarimonandSunder
(1993,1994))documentedavide cornvergencetowardsthe stationaryequilibriumwith low
inflation, giving substantiabupportto adaptve learningasa valuabletheory of equilib-
rium selection.

Later, Marimon and Sunder(1995) in the sameexperimentalsettingcomparedhe
inflationaryimpactsof two classicaimonetaryregimes.

Underthefirst regime,which MarimonandSundercall the‘real deficitrule’, thegov-
ernmentfixesa constantievel of real deficit andfinancesdt throughseignioraggthough
governmentexpendituredoesnot enterinto agents’utilities). Sucha rule mayyield high
inflation in someperiodsandlow inflationin others.Underthe secondegime,calledthe
‘money growth rule’, the governmentfixesthe rate of growth of the monegy supplyand
adjuststhe level of seigniorageo satisfyits money growth rule. This rule mayleadto a
high governmenteficitin someperiodsandto a smallonein others.

Although the two regimescorrespondo differentfiscal ervironments,in Marimon
and Sunders (1995) experimentthe two ruleswerefixed so asto sharethe samesteady
stateequilibrium andalsoto yield, in equilibrium, the samegovernmentrevenue. The
goal of the investigationwasto testa classicalconjecture first suggestedy Friedman
(1948, 1960), that to stabiliseinflation, a simple rule, suchas constantgrowth of the
moneg supply may be betterbecauset canmoreeasilybe learnedmakingit easierfor
agentgo co-ordinatetheir behaiour.

Marimon and Sunder(1995)found weak supportfor this conjecture:price volatility
obsenredin their experimentsratherthanby differencesn themonetaryregimesis better

1Themodelis anOLG versionof Cagans modelof hypetinflation (Cagan1956).
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explainedby the stability propertiesof the adaptve learningruleswhich subjectsseemed
to adopt.They specificallyfoundsupportfor first-orderadaptve expectationsandshoved
theoreticallythat first-orderadaptve expectationamply equivalenceof the volatility of
inflation underthetwo rules.

Herewe submitFriedmans conjectureto further scrutiry, usingan experimentakset-
upthatallowsusto obsere moredetailsof subjectsbehaiour andto studytheprocesof
expectationdormationindependentlyf thatof actualsaving decisionsWe furthertry to
make surethatsubjecteasilyunderstandvhatis goingonin theireconomyWe find that
the two monetaryrulesareno longerequialent,but differ significantlyin termsof both
thelevel andthevolatility of inflation. Sincewe canobsene moredetailsof the subjects’
decision-makingprocesswe canrelatethe changesn the macroeconomipropertiesto
changesn themicroeconomidehaiours.

Differentsetupgo modelanOLG economyin anexperimentarereportedn theliter-
ature.Marimon, SpearandSunder(1993)introduceda very straightforvard procedureo
assistsubjectdo make their optimal saving decisions.This procedurevaslateralsoused
by MarimonandSunder(1995): subjectsareaskedto make oneinflation forecastfor one
periodaheadknowing pastrealizedinflation), andthenthe computersoftwareautomat-
ically computesandimplementssubjects’optimal saving, giventhatuniqueforecastand
treatingit asif it werecertait.

Individuals, however, may have reasondor deviating from this certainty equivalent
behaiour and, more generally from strict optimisation. Firstly, thereis the possibility
thatagentsdo not hold point expectationsandreactto thevolatility of inflation with pre-
cautionarysaving. Secondlyratherthanproceedingo individual maximisation,agents
may to someextent copy othersbelievedto be betterequippedo make gooddecisions.
Thirdly, variousotherfactordik e inertia,smalltransactiongosts(alsointerpretedn psy-
chologicalterms),rulesof thumb,maygeneratesmalldeviationsfrom optimality[.

We thereforemadea few changesn designingour experimentalset-up,which we
consideredmportantfor understandingpettertheforceswhich maydrive theinflationary
processe®f the two monetaryrules. Let us emphasisg¢hreeof thesechanges.Firstly,
in our network economysubjectsmake both forecasts receving from the computera
suggestiorfor optimalsaving, but thenmakingtheir actualsaszing decisionsin this way,
we cananalysevhetherandhow actualdiffer from optimaldecisions.Secondye do not
restrictour subjectgo hold quasipoint forecastsour subjectscancheckthe implication

2This procedurevasalsointroducedto reducepart of the noiseobsenedin earlierexperimentswith
moreelaboratesetups.Lim, PrescottSunden1994),for example,usedoral doubleauctionsto determine
exchangeratesin eachperiod. It turnedout thatevenwith auctionslastingfor five minutesin eachsingle
periodmarketsdid not clear Later, they, andalsoMarimon and Sunder(1993),asked subjectsto senda
supply scheduleto a walrasianauctioneemho then determinedmarket clearingprices. This solved the
problemof marketsnot beingcleared,but still led to rathernoisy prices. The noisewas clearly reduced
by the moredirect optimality procedureusedby Marimon and Sunder(1995). It is however worthwhile
anticipatingthat, togetherwith the noise,they alsoeliminateda considerableamountof saving above the
optimum,i.e. oversaving, obsenedin their earlierexperimentswhich, aswe shallemphasis¢hroughout
this paper affect quite differentlytheinflationaryprocessesf thetwo monetaryregimesunderstudy

3All theseeffectsmayin particularbeimportantunderadaptve expectationsynderwhichtheactuallaw
of motionof theeconomicsystemaypically differs,duringthetransitionalprocesgowardsanequilibrium,
from thelaw of motionaspercevedby economicagents.
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of mary forecastdor variousperiodsaheadoeforemakinga final saving decision. This
allows usto distinguishsubjectsvhoseforecastsn a givenperiodvary little from others
whoseforecasts/ary moreandmay perhapgeneratéhighersavings. Third, in a further
attemptto make our experimentalervironmentdescriptvely richer, we introducelabels
for monetarypoliciesandmake participantsvotefor monetarypolicies.

We alternatelyplacethe‘real deficitrule’ andthe ‘money growth rule’ undertwo dif-
ferentlabels:we presento our subjectghe experimentaimarketasa market operatingn
theEuropearMonetaryUnion; andwe proposehetwo rulesasimplementeckitherby the
Bundesbanlor by the EU Commission.Besidesmakingthe experimentalervironment
moreinteresting,andhenceaccatvating the attentionof the participantspur hypothesis
was that labels could themseles affect subjects’expectationsand the volatility of the
inflation underthe two rules. We conjecturedhat the ‘Bundesbanlabel’ might gener
ateséessinflation volatility thanthe ‘'EU Commissioniabel’; but we find little supportfor
thidl.

Anticipating briefly our results,regardlesf the effect of labels,we first of all note
that,like our precursorsye find convergenceto thelow ISSin mostof our experimental
economies.The actualtransitiondynamics,however, that we find aroundthe low 1SS
equilibria are much more complex underboth regimesandfor all of our experimental
economieghan can be approximatedoy a first-orderor by any other simple adaptve
schemeln particular we find thatthe inflation ratesunderthe real deficitregime are,on
theaverage)ower thantheinflation equilibriumlevelsandalsothanthe averagenflation
ratesobsenedundertherevenueequivalentmoney growth rule; in supportof Friedmans
conjecturethepriceis agreateinflationvolatility undertherealdeficitregimethanunder
themoney growth rule.

Theevidencewe canexplain with the characteristicsf the saving decisionprocesses
which our subjectsseemto follow. First of all, we find that actualsaving ratesdiffer
significantlyfrom the optimal savzing decisiondmplied by individual forecaststhe latter
enterin explanationof the former togetherwith pastaveragesaving rates,in a corvex
combinationwhich explainsour findingsratherwell. Most importantly we alsofind a
significantamountof over-saving at individual and aggreatelevel, probablydueto a
form of precautionargaving: sincethe payof functionsgivento our subjectamply that
savingsshouldincreasdo ameanpreservingspreadn the expectedrateof inflation, and
sincewith our setupwe can measurehe varianceof individual forecastswe find that
uncertaintyaboutthe future (shavn by forecastswith greatervariance)explains over-
saving asprecautionargaving.

Oversaving is importantbecausat is at the root of the trade-of betweenthe two
regimesimplied by our findings. In particular we will showv that only underthe real
deficitregimeincreasingaveragesaving ratesyield decreasingnflation rates;but we will
alsoshaw thatstability of adaptve learningnearthe low 1SSis negatively relatedto the
inflation rates.

While from one perspectie our findings seemto supportFriedmans conjectureon
the comparisorbetweenthe two regimes,it musthowever be notedthatfrom a different

4Therationalefor the conjecturefollows from somerecentwork on the theoryof equilibriumselection
in gameswhichemphasisetheeffectthat'labelling’ and‘framing’ (seee.g. Sugden(1995)andreferences
quotedthere)may have in helpingagentgo find their way towardsan equilibrium.
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perspectrethey contraswith anothethypothesislsoadvancedoy Friedmann hisNobel
lecture(Friedmanl1977). Therehe suggestedhat a positive relation exists betweenthe
level of inflation andits volatility. Despitethefactthatthis secondconjecturevasformu-
latedin a context of uncertaintyof monetaryregimes,ratherthancomparisorof regimes,
the policy trade-of is quite interesting;andwe will discussthe issuecommentingthe
results.

Therestof the paperis organisedasfollows. In sectiorfd we briefly review the theo-
retical OLG modelwhich we investigateIn sectiord, we specifythe changesntroduced
in our experimentalsetupfrom previous studiesandwill give reasondor them. Details
of theexperimentsve runin Florencg(ltaly), Mannheim(Germary) andPavia (Italy) are
givenin sectiond} the resultsandtheir implicationsin sectiondd andl@. A brief final
section(Sectiorf]) relatesour findingsto currentresearclon modelsof adaptve learning
andtherole thelattermayin generahave in rankingmonetarypolicies.

2 A theoretical OLG modelof saving, inflation and mon-
etary policies

We study a standardOLG model, in which fiat money is the only financial assetand
governmentrevenueis createdhroughseigniorageEachgeneratiorconsistsof n agents
andeachagentof eachgeneratiorivesfor two periods.We call thefirst of theseperiods
the ‘entry’ andthe secondthe ‘exit’ period. We usesuperscripts and? to distinguish
thesetwo periods.An agentwho entersin periodt will be calledanagentof generatiort
andhasatwo-periodendavmentof a uniqueperishablegood(w!, w?) with w! > «? > 0.
Theagents’preferencesver consumptioret andc? in thetwo periodsarerepresentetly
the utility function

u(et, ) =gt (1)
Given a sequencef pricesfor the consumptiorgood { p; }+, eachagentof generatiort
solvestheproblem:

maxu(ct, c?) 2
ot .o
st.p- (G —wh) 4 prya- (F—w?) <0 3)
Thus,if theagentknew today's andtomorron’s price hewould bestsave:
s =2 (ot Pt (4)
2 Pt

But, he doesnot know them. Assuming,however, that all the uncertaintyof the agent
reducedo hold awell definedprice ratio expectationr(, ; = E;1(pt+1/pt), andthatthe
agentdealswith this expectationasif it were certain,a generalhypothesissometimes
called of certainty equivalentbehaiour (see,e.g. Romer(1995,p. 246)), the optimal

saving decisionbecomes
1
s =5 (0= T80) (5)
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Theequilibriumpricefor ary periodt is suchthatthepercapitaaggregatesupplys equals
the percapitaaggreate(real) money supplym:

S =m (6)

The per capitaaggrgatemoney supply m dependson the monetaryregime. We con-
sidertwo regimes. Underthefirst, the ‘real deficit’ regime, the political authorityfixes
aconstanper capitalevel of realdeficitd andfinancest throughseigniorageunderthe
secondthe ‘money growth’ regime, the monetaryauthority allows money to grow by a
constanfactorof 4 andadjuststhe level of seigniorageo satisfythe monetarytarget. In
neithermodelconsiderechereare the seignioraggroceedseturnedto consumers.By
settingp = 1 whend # 0 andd = 0 whenpu > 1, bothregimescanberepresentethy the

following equation:
Pt—1

m = um—1? +d (7)
The real deficit regime, which hasbeenstudiedexperimentallyby Marimonand Sunder
(1993, 1994), correspondslosely to Cagans model of hyperinflation (Cagan1956);
whereaghe mong/ growth regime, experimentallycomparedwith the first by Marimon
andSundel(1995),implementd-riedmansrule of aconstangrowth of themoney supply
Althoughthetwo regimesdescribedifferentmonetary-fiscaérnvironments they may
have thesamesteadystateequilibrium. To seethis, following MarimonandSunder(1995,
p. 118),equationf to[4 give the equilibriummap:

(T8¢, 1, T, T) =0 (8)

b—

8- (0—ed 4> T =0 ©
whereTy = pr/pt_1, b= w'/w? ande = 2/w?. Giventhat,for 1€ # b, 93P (-) = (1€ —
b)/T¢ = 0, actualinflation canbe expressedas a function of expectedinflation for the
currentandthefollowing period:

b—r1¢
— 10
= (10)
Equatiorilddescribesheactuallaw of motionof 1%, givenexpectationandthemonetary

regime. Assumingthe rational expectationshypothesisr¢ = g, it coincideswith the
equilibriumdynamicsof theeconomyrg 1 = R, q)(T%):

b
Ter1=(b+ U—ed)—l«lﬁ (11)

For (b — ed+ p)? > 4ub, there are two solutions satisfying the stationarycondition
D(TE, 1, TE, Tk) = 08 Underthe money growth rule, i.e. whend = 0 andp > 1, the two
aregivenby 1 = pandtt! = b, where,for p < b, Tt identifiesthe low ISS (inflation
stationarystate) andrt definesthehighISS.
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Th41(T%)

(FromMarimonandSundey1995,p. 120)
Figurel: Two R, 4y mapssharingthe samelow ISS

Figurel, from Marimon and Sunder(1995,p. 120), shows two Riwa) (-) mapscon-
structedrom sucha systenof parametevalues.Thefiguremayhelpto understandome
stability propertiesof the rationalexpectationgequilibria.

Thedottedline shavs 1 1(T%) = T%. Thetwo hyperbolasepresenthemappingfrom
T to Tg 1 for the two differentmonetaryregimes. Assumethat (b — ed+ )2 > 4ub,
thus, we have two stationarysolutions. Clearly startingfrom an initial inflation rate
o € (1, 1), the rational expectationsdynamicwill endat ¢ — 7t in the long run.
This, however, is only necessarilyhe casefor rational expectationsIn recentyearssev-
eral authorshave analysedand suggestedlifferentadaptivelearning rules as selection
proceduresn modelswith multiple rational expectationequilibria. Very muchin the
tradition of Cagan(1956)andFriedman(1957),the hypothesisof adaptve learninges-
sentiallyis thateconomicagentdorm andcoordinateheir beliefsby adjustingadaptvely
to pastexperience.This adaptve adjustmentanof courseoperateon parametersf the
modelaswell ason realizationslike prices,inflation or averagesaving levels. We fo-
cushereon adaptve learningof realizationsj.e. inflation or averagesaving levels. For
example first-orderadaptve learningof inflation canbe expressedsfollows:

6 = TE+ 0t (T 1—T%) (12)

In the context of the presentOLG model, a large classof adaptve learningalgorithms
(encompasseby the first-orderadaptve schemewill for a large classof initial condi-

SFor thecasew? — 0 we have b — o andonly onestationarysolutionTt= pw!/(w! — 2d).
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tionscorvergeonthelow 1SsH (seee.g.MarcetandSagent(1989),MarimonandSunder
(1995),Evans,HonkapohjaandMarimon (1996). Seealsoreview andreferencesn Sar

gent(1993)andMarimon(1997)).This con/ergenceﬂ hasimportantpolicy implications.
Thereis the ‘high inflation trap’ (Bruno and Fisher(1990)): the existenceof the dual
equilibria— a reflectionof the so-called'bad Laffer curve in the inflation tax rate’ —

meansthatan economymay be stuckin the high inflationary equilibria, whenwith the
samefiscal policy it could be at a lower, Pareto-optimal,nflation rate. In addition,the
comparatre dynamicsf thetwo equilibriamovesin theoppositedirections:in particular
(seeequatiol(), only underthelow inflation equilibriumcanthe‘classical’ prescription
to reducedeficit in orderto stabilisepricesbe recommendedyunderthe high inflation-

ary equilibrium, a permanentlecreasen d causeghe inflation rateto rise becausehe
economyis onthewrongsideof the Laffer curve. In thisrespectadaptve learning(with

corvergenceto the low inflation equilibrium asa consequencejupportsthe ‘classical’
policy prescription.

Onthe otherhand,whenwe askwhich monetaryregime might betterstabiliseinfla-
tion, the adaptve learninghypothesiger seis not very selectve. To seethis (seealso
Marimon and Sunder(1995, p. 122)), simply substituteequationId into equatior12,
lineariseat 1, andre-write 1€ = 11_+ &, to obtain

TLOM(—0n + (T + & 1))
—Hoy + TG (U + &) oy

Or1=—TL+(1—a)(TL+&)+ (13)

which givesusthe equilibriummap

TE o L0y
%1 ) _ [ 1-0+ms T & (14)
& 1 0 Ot-1
The eigervaluesof the matrix in [I4 describethe stability of the dynamicprocess.With
comple eigervalues,the law of motion of the rateof inflation is characterisety cyclic
fluctuationsaroundry ; andstability depend®nly on the contractionfactor:
a
r(a)= _Tuoee
W1 — TR

In particular the greaterthe expression,the more likely the systemis to be stablefl.
Since,however, the expressionrdoesnot dependon the parametersf the monetaryrule,

(15)

5Note, however, thatTt— o is alsoanattractorof the adaptie dynamicsundertheseconditions.

"Despitethe corvergence,it is however importantto appreciatethat, contraryto the caseof rational
expectationsunderadaptie expectationstheactuallaw of motionof g, givenby equatiodL( is nolonger
consistentvith the perceivedlaw of motion from equatiofI2 Underthis perspectie, the assumptiorof
no-uncertaintyunderlyingthe theoreticalOLG modelmayappeaevenstronger

8More specifically the eigervaluesof thematrix in[I4 are:

A (o) +2(a) = (1_0‘”7;1&)1“5—0(%@

If A(a) arecomple, thatis if A(a) = x=+yi, thenwhetherthe systemis stableor not dependon whether

V0@ +Y?) =/ 55, is greatetthanor equalto one.
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it follows that, closeto the low inflation equilibrium, the two rules sharethe samesta-
bility properties. Thus, someavhat paradoxicallyagainstFriedman$ conjecture,under
first-orderadaptve learningneitherregime canbe preferredto the other

Theseriesof experimentconductedy MarimonandSunder(1993,1994,1995)give
substantiakupportto the first-orderadaptve learningandto the corollariesmentioned
above. In therestof the paperwe describeour experimentalset-up,how it differsfrom
our precursorsandreportresultsnot quite conformingwith the previousevidence.

3 An experimental setting for OLG models

Preparinganexperimentalenvironmentfor thetheoreticaimodelsdescribedn the previ-
oussectionrequiresconsideratiorof severalcomplex implementatiorproblems We have
adaptedhe generalimplementatiorstrategy of our precursorswhich wasbasedon the
following basicdesign.

3.1 The experimental environment

A typical experimentalervironmentsimulatesa very simplemarket. In the market, sub-
jectscanbuy andsell a commoditythat we call chipsin a sequencef market periods.
Thereis afixednumber(N) of participantsand,for eachmarket period,eachparticipant
hasa specificrole: n subjectsenterthe market andactasyoungconsumersn actasold

consumersndleave the market at the endof the period;the remainingN — 2n stayout-

sideandawait their turn to enterasyoungconsumersA youngconsumeiin oneperiod
becomesnold consumein thenext.

Whenyoungconsumergnterthe market, they recevve their w* endavmentof chips.
They may consume(‘eat’) someof thesechipsinstantly (in the amountc!) andsell the
remainingchipsto old consumersandto the government(in the quantity S= w* — ct).
In returnfor the chipsthey sellthey receve experimentaimoney, whichis saredfor their
old agein the next period. In old ageconsumerseat’ a total numberof chipsgiven by
c? = 0 + Spr/ Pry1-

The numberof chips‘eaten’in boththe entryandthe exit periods,c; andc, respec-
tively, determineghe payof in Italian Lire or GermanMarks for participatingin the
marlet, accordingto a lineartransformatior\ - ¢ - ¢2 — k. Subjectdearntheir payof in
local curreny from the currentroundimmediatelyafterthe market clears.

Subjectsenterandleave the market morethan onceduring an experimentalsession
andtheir payof for eachmarket participationaccumulateg¢the total is paid at the end of
theexperiment).When,however, asubjectre-entershemarketit is notpossibleto access
the accountaccumulatedrom previous participation:the subjectre-enterdhe market as
anevbornfd.

°In thewordsof MarimonandSunder(1993,p. 1076),it is asif “subjectswereliving several'li ves’ over
themary periodsof aparticulareconomy”. They (Lemmal, p. 1085)alsoshaw thatthis repeategbarticipa-
tion doesnot causedeparturérom the OLG model,in the sensehatif strateyic behaiours(in violation of
the competitve assumptiorunderlyingthe theoreticalOLG model)ariseat all in the experimentaimarket,
this is dueto the fewnessof the subjectsandnot to the repeatedarticipationper se On the contrary the
repeatecentry of the samesubjectdnto the economycanbe particularlyusefulto studyhow learningand
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3.2 A WWW Interface for the experiment

In our experimentaldesign,market transactiondbetweenagentsare administerecby a
networked software programaccessethy a WWW-Browser Figureld shaws the typical
interfacefor the experiment. The maintasksubjectshave to perform(seetop half of the
figure)is a saving decisionwhenthey areyoungconsumersi.e. in their entry periods.

Subjectsaarealsoaskedto make asaving recommendatiom periodswhenthey areold
or outsidethemarket. To do thatthey usethe sameinterfacethey useotherwisefor saving
decisionsvhenthey areyoung. The only differences thatthey aretold thatpayofs from
saving recommendation@®n the gray backgroundn the ‘History’ tableof thefigure)do
not countfor thefinal payof. Subjectsaretold thatthey maybenefitfrom giving serious
consideratiorio saving recommendationahile learningandpractisingwith the software
andwith the economy As it turnsout, the behaiour of ‘old’ or ‘idle’ subjectss very
similarto thatof ‘young’ subjects.

3.2.1 The chipssupply and demand,and the monetary regimes

In eachmarket period,the individual savings of only the youngagentsareaddedby the
computerto determinehe goodssupply

Theaggreatemoney supplyis givenby thesumof therealcashbalancen thehands
of the old plus the demandfor chipsfor public expenditure(which, consistentlywith
the theoreticaimodel,doesnot enterinto the subjects’payof functions). Underthereal
deficitregime,thisresidualpublic expendituras givenby d chipsperheadboughtin each
period at the market clearingprice; whereasunderthe mong growth regime the public
demands adjustedor growth in the amountof money in circulationat a constanfactor
of pin eachperiod.

Which of the two regimesis in force is determinedat the beginning of eachexper
imental sessionby election. Subjectsaretold that they will participatein a simulated
market operatingin the EMU and areinformed aboutthe two monetaryregimes. The
mappingof the two regimesto labelsthat describethe centralbankwhich controlsthe
monetarypolicy is fixed for eachexperiment. Labelsmay either be EU-Commission
for onemonetaryregime and Bundesbarfl for the otheror two neutrallabels‘red’ and
‘blue’ for thetwo regimes.Beforemakingary saving decisionssubjectsareaskedto vote
for aregime. In somesectionsthe electiondetermineghe monetaryregime. In some
sessionghe regime is predetermined.Subjectsknow this, thoughthey do not know in
which sessiortheregimeis predetermined.

The market clearingprice is determinedn eachperiod by the computerprogramas
the residualbetweengoodssupplyandmoney supply Theresultingallocationstherate
of inflation andthe averagesaving in theeconomyaredisplayedn the‘History’ tableon
the computerscreer(figureld).

With no announcemenin adwance,at the end of someperiod of the experimental
sessiorparticipantsareinformedwhich wasthe last periodof the session Chips‘eaten’

experiencemay affect subjects'decisionspecauséf it is truethat“assetscannotbe carriedfrom one'life’
to thenext, but memoryandexperienceobviously are” (MarimonandSunder(1993,p. 1076)).

10n Florencewe usedEU-Commissiorand EURO-Bank as labels, pointing out that the EURO-Bank
would be particularlyindependentsimilar to the Bundesbank.
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Sessiort — History Your saving decision:
Periods: 1 2 3 g '
Inflation: 429829 104.2 You enterthemarketin period4. How much
Av. Saving: | 292| 266 217  doyouwantto save?
BestSaving: | 230| 190
Your Saving: | 353| 235 190 chips.
Your Payoff: 950 | Total: 950
Inflation % AverageSaving (Chips) CIearForecastj
. 3001 - . Sessiorl — Your Forecasts
100 + R MDY N . . Periods: 4 5 6
.l 200+ . ., Inflation: | 99.2] 89.2] 77.9
© ° o |Av. Saving: | 181| 160| 150
ol y (timeqgo L4 | timeBestSaving | 220 | 230
0123456 0123456

A demoof theexperimentmaybe accessedt http://www.sfb504.uni-mannheim.de/ex/register.

Figure2: Theterminalinterface

or savedin thelastperiodby youngconsumer$iave no value.

3.2.2 A specialisedcalculator

Apart from the novelty andeasyaccessibilityof the www interface,the maininnovation
in our experimentis a ‘specialisedcalculator’to assistsubjectdan their saving decisions.
Thecalculatorconsistf two diagramspnefor inflation andonefor averagesaving, and
atable (seethe bottompart of the computerscreerof figure[d). Wheneer they wished,
subjectscould make forecastsfor either the rate of inflation or for averagesaving by
directly clicking in eitherdiagramat thatlevel of inflation or of averagesaving forecast
for agivenperiod.Dependingon the forecastthe programcomputeghe saving decision
whichmaximiseghepayof anddisplaystheresultin thetable. Subjectanaythendecide
to usethe suggestedaving decision;they may changetheir forecastto obtaina new
saving suggestionthey may alsoexplorethefuture, makingforecastdor severalperiods
aheadpr they maydisregardthe suggestionsf the computerandmake whichever saving
decisionthey wish.

In contrastto this setup,mostprevious experimentshave not separatedhe process
of expectationformation from that of actualsaving decisions. For example,in Mari-
monandSunder(1995)subjectsvereaskedto submita uniqueinflation forecastin each
market period,which wasthenusedby the computerto determineautomaticallythe in-
dividual optimal savzing. While this procedureadheresmore strictly to the theoretical
modeloutlinedin the previous section,sinceit directly imposesthe assumptiorof cer
tainty equivalenton subjects’behaiour, it may however be inconsistentwith the way
peopleactuallymake their saving decisions.With our approachwe particularlywanted
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Parameters| Low ISS High ISS Eigervalues Contraction
Regime d/ey M |s /o TG | S /w1 TH A(1) A5 ()
Money growth 0 227 31 227 0 6 |.31+.72F .40+.39 | .78
Realdeficit A7 0 31 227 .28 2.63|.69+.361 .37;.83 | .78

Tablel: Parametersindinflation andsaving levels

to investigatewo possiblewaysof deviating from the hypothesiof certaintyequivalent
First, in orderto addresghe difficult problemthey arefacing,somesubjectsratherthan
making expectationsmay simply find it easierto follow whatthey expectotherpeople
aredoing, looking perhapsat what othershave donein the past. In this casewe might
expectmoreinertiain saving behaioursthanthatimplied by strict maximisation. Sec-
ond, evenif subjectsdo actually have expectationsthey may not necessarilyhold point
expectationsThey mayreasonn termsof aninterval of possibleexpectationvaluesand
hencereactto the relative uncertaintywith precautionarysavings. As it turnsout, both
typesof behaiour arewell documentedn our results;and,aswe shall see,they have
importantimplicationsfor theinflationaryimpactof thetwo monetaryregimes.

4 Experimentsin Florence,Mannheim and Pavia

With 13 groupsof subjectsjnvolving atotal of 204 participantsyve carriedout41 differ-
entexperimentaleconomiesn Florence(ltaly), Mannheim(Germary) andPavia (Italy).
Participantsin FlorencewerePh.D.studentsmostof themin Economicsjn Mannheim
they were undegraduatedrom facultieslik e engineering social sciencesand business
administrationjn Pavia they wereundegraduatesmostly studyingeconomics.

In all threeplacesve triedto implementasmary combination®f parameteraspossi-
ble. In eachplacewe studiedeconomiesvhich differedwith respecto monetaryregimes
and labels. We alsovariedthe numberof periodsplayedin eachsession(in particular
to avoid anend-gameeffect) andthe nominalinitial endavmentw, (to make communi-
cationamongdifferentgroupsof subjectanoredifficult). For thetwo regimeswe study
Tablellsummarisegheequilibriumvaluesimplied by theparametersve choose (A more
detailedlist of the experimentss givenin appendifal).

Thesevaluesaccomplishtwo specificobjectveswe hadin mind whenwe decided
to conductthe experiments. Firstly, consistenwith the theoreticalmodel of section2,
the two regimesarefully compaablein the sensehatthey both have the samelow ISS
inflation rate (Ty. = 2.27414)andthe samesaving rate (s, = 0.310488 wy); they allow
collection of the samegovernmentrevenue(0.173958 w;) (thoughthey of coursedif-
fer in the high ISS), andthey share,underfirst-orderadaptve expectationgi.e. with a
closeto one),the samestability propertieqr (1) = 0, 78). Secondlyin orderto facilitate
comparisonpur experimentakconomiesrevery similarto thosein theliterature,in par
ticularin MarimonandSunder(1995);thoughnoneof the previously studiedeconomies
wasexactly equialentin termsof both low steadystatesand stability propertiesof the
two monetaryruIeE.

1As a further objective, we wantedto have a ‘challenging’ setup,in the sensethat we wantedhigh
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In the following sectionwe presentheresultsmechanicallyleaving their discussion
to a subsequergection.We do it in four steps:we startfrom the macroevidence,look-
ing firstly at the averagelevels of inflation and saving, and secondlyat the volatility of
the economieswe move thento micro behaiours, beginning from the processof ex-
pectationgormation,to concludewith the analysisof the actualsaving decisions.The
presentatiorof the resultswill referto valueswhich are normalisedrelative to the low
ISS: inflation 1y is normalisedto 100 and saving s is normalisedto 1. Thusthe high
ISSis ! = 116,s= 0.902underthe constanteal deficitrule andrt! = 263 s= 0 under
the constantmoney growth rule. We give herea compactversionof the results;a more
detailedanalysiscanbefoundin BernasconandKirchkamp,(1998),with afull account
of the whole experimentalprocedurejncluding instructionsand detailsof introductory
experimentakessions.

5 Results

5.1 The macro evidence
5.1.1 Theamount of inflation and saving

It is well establishedMarimon and Sunder1993, Marimon and Sunder1994, Mari-
mon and Sunderl995)thatin this setupsubjectscornverge closelyto the low-inflation-
equilibrium. Figure@ shavs the distributionsof inflation andaveragesaving levelsin all
our experimentswhich confirmthis finding: both distributionssettlearoundthelow ISS
equilibrium. Neitherof the two, however, is symmetricallycenteredaroundthe equilib-
rium values: the distribution of saving leantowardshighervaluesandthat of inflation
towardslower values.

Figureld illustrating how the levels of inflation and saving develop over time in all
our experimentakeconomiesshows thatthe two biasesdo not dependon the evolution of
theeconomiesvertime: averagesaving is somavhatgreaterthanthe equilibriumvalue
andinflation is lower throughoutall periods.(In the figure,boxesdenote25%,50% and
75% quartiles,the upperwhisker stretchedo the highestdatapoint thatis still smaller
thanthe 75% quartile, plus 1.5 timesthe differencebetweenthe 75% quartile and the
25% quartile. The lower whisker is constructedaccordingly Pointsoutsidethe whisker
aremarkedby circles).

To startto analysewhich factors,amongthosewe varied throughthe experiments,
might have causedhe abore-mentioneddeparturegrom equilibrium values,Figuredy
and@ illustrate how the levels of inflation and sasing vary with places,monetaryrules,
and labels attachedto monetaryrules. The pictorial evidenceconfirmswhat we also

inflation andequilibriaclosetogether Thus,while thereis anupperborderfor thelow ISS1i. < /w1 /0y
(aslong asthereis an equivalentreal deficit rule) we attemptedo approachhis borderclosely In view
of that, we have chosenw,;/w, = 6 (to be consistentwith mostof the previous experiments),andd =
167/160- wy. Thesevaluesalmostmark anupperboundary:d = (/w1 /wp — 1)?/2 ~ 168.082/160-
turnsout to be the highestsustainablaleficit. (The slightly highervalued = 168/160- wy, we might have
chosenwould give the focal number(ty. = 5/2), which subjectscould choosein the experimentbecause
it’s focal,andnot becausés anequilibrium).
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Figure6: Saving dependingn place,monetaryrule andlabel.

testedfrom OLS regressiongavailablein our working paperBernasconandKirchkamp
(1998)). While we find no significantor systematiaifferencein the resultsdepending
on the placesor on the labels,we find a significantand persistenteffect in all places
andunderall labelsfor the monetaryrules: the constantreal deficitregime leadsto less
inflation andgreateraveragesaving thanthe constantmone growthregime.

5.1.2 Inflation volatility and Friedman’s conjecture

The central question underlying the experimentalcomparisonof the two monetary
regimeswasto investigateFriedmans conjecturg(1948,1960)thata constantgrowth of
the moneg supplystabilisegnflation betterthana constantreal deficitrule, whenthetwo
regimesyield the samegovernmentrevenues.To investigatethis conjecture we look at
threedifferentmeasure$or volatility two objective,anabsolutene(Voa=In|T§ — T§_1|)
anda relative one (vor = InIn? (T8 /Tk—1)); andonesubjectve, vs = In(a(1T€) /T€), where

o(T®) denoteghe standardleviation of a subjects inflation forecastand® the meanof
thesdorecastsin all casesvetakelogsto reduceskewness.Thecumulatvedistributions
areshawvn for thetwo regimesin figure[Z

The useof a subjectve measurej.e. a measureof how volatility is perceved by the

singleindividual, is specificallynewv andis only permittedby the novelty of our exper
imentalapproach.Sincewe areableto obsene several forecastdy anindividual for a
given period, we can calculatethe varianceof the individual’s forecastdor the period.
If theseforecastsarecenteredrery closelyaroundasinglelevel, theindividual might be
feelingin arelatively stablesituation.If, however, forecastsarescattereaver alargein-
terval, theindividual is apparentlylesscertainaboutthe situationof the economywhich
we interpretasthe perceptiorof amorevolatile situation.
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Weranseveralregressionstelatingour threemeasuresf inflation volatility to mone-
taryrules,labels placesof theexperimentssessionsTabld2d summarisetheregressions.
While we find no significanteffect for arny otherparametestudied,we obsere thatthe
effect of themonetaryrule is presenin all our experimentaleconomiesspecifically we
find that, regardlessvhich indicatorwe consideythe constantreal deficitrule (codedas
‘deficit’ in the table) alwaysleadsto more inflation volatility thanthe constantmone
growthrule.

Thus,in contrasto MarimonandSunder(1995),our evidenceapparentlygivessome
supportto Friedmans conjecture.

5.2 Evidenceon micro behaviour
5.2.1 Formation of forecasts

Seekingthe reasondor this differencein the resultsat micro level, we considerthe pro-
cessof expectationdormation. We recall thatwith first-orderadaptve expectationsand
assuminggtrict optimisationandno-uncertaintythe constanimoney growth rule andthe
constantealdeficit rule exhibit the samevolatility aslong aswe arecloseto thelow ISS.

MarimonandSunder(1995)found substantiaupportfor first-orderadaptve expec-
tations. Herewe conducta simple but directtest,to checkwhetheradaptve learningin
generalandfirst-orderadaptve expectationsn particularare valid in our ervironment
too.

We estimatdor eachperiodseparatelyhe equation:

TG, 1= OtTk 1+ BTE + G (16)

wherethe constantc shouldbe O for first-orderadaptve learning. (The estimationare
madeseparatelyor differentperiods.Hencethe errortermcannotbe correlatedwvith any
of the 1T's). The developmentof the coeficientsover time is describedn Figurel@ c is
not zero,but cyclesaroundsomepositive value.

Our interpretationis that subjectshave somesort of adaptve expectationsthough
thereseemsto be more inertiain subjects’adaptve learningrulesthan canbe dueto
first-orderadaptve Iearningalon

12Also Marimon, SpearandSunder(1993)foundsomesupportfor seconcrderschemesWe alsotested
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Estimationof objectie relative volatility vor = Byeficit+ C

Vor = ININ?(1%/T%_1) B op t P>t| 95%conf.interal
All experiments 727 obsenations
deficit 6200389 .2321794 2.671 0.008 .1642148 1.075863
c -6.344855 .1685217 -37.650 0.000 -6.675704 -6.014006

Estimationof objective absolutevolatility vVoa = Bgeficit+ C

Voa=In|Tg — T§_1] B ag t P> [t 95%conf. interval
All experiments 727 obsenations
deficit 3094842 .1189526 2.602 0.009 .0759516 .5430168
c 1.405345 .0863388 16.277 0.000 1.235841 1.574849

Estimationof subjectve volatility vs = By, Vor + Bdeficit+ Busa+ Bec + C

Vs | B Op t P>t|  95%conf.interval
All experiments 18080obsenations
Vor 0948404 .009629 9.849 0.000 .0759552 .1137256
deficit 3779502 .0607352 6.223 0.000 .2588314 .497069
BuBa -.1558654 .0756481 -2.060 0.040 -.3042325 -.0074982
EC -1727994 .0764621 -2.260 0.024 -.322763 -.0228358
c -2.839546 .0895649 -31.704 0.000 -3.015208 -2.663885

Byeficit is @ dummy variablethatis onefor the constantreal deficit rule, Bguga is @ dummy variablethat
is one for regimeslabeled‘Bundesbank’,ec is a dummy variablethatis one for regimeslabeled'EU
Commission’c is aconstanincludedin theregression.

Table2: Determinant®f objectve andsubjectve volatility

at — A—
Bt = O O
Ct = o o

10 15

Period

Figure8: Adaptive learningparameterérom eq.[Ld overtime
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Actual saving canbe explainedratherwell asa corvex combinationof optimalsaving andpastsaving.

Figure9: Actual saving versusoptimalsaving

5.2.2 How forecastsare translated into saving decisions

The importantassumptiorof the theoreticalmodelto which we now direct attentionis
thatof certaintyequivalentehaiour, namely the hypothesighatindividualsimplement
their optimal savzing decisionggiventheir forecastscomputingthe formerasif the latter
werecertain. Sincewith our experimentalsetupsubjectdirst make forecastsreceving
from the computera suggestiorfor an optimal saving decision,but thenmalke their own
choices,we cantestthis hypothesis.Sucha directtestcanfor examplebe givenby the
regressiorof actualsaving s ; onoptimalsaving (giventheindividual forecast)s’; as:

St =B-s 17)
whichyields
Sit B ag t P> |t| 95%conf. interval
s, | 1.015071 .0012107 838.384 0.000 1.012698 1.017445
Fsljfzsz 154.95 P.g = 0.0000

Under certainty equialent, 3 should of coursebe 1. While the regressionshovs
thatthe optimal saving recommendationare clearly importantfor the individual actual
decisionsthe hypothesisf certaintyequialentthat only recommendationmatter(i.e.
B =1)isclearlyrejectedseealsographtop left of figure[d).

We now presentthe resultof a searchfor a specificationwhich canbestrepresent
actualsaving. We startrunningfor eachplayeri aregressionthatexplainsactualsaving
st asalinearfunctionof thesaving recommendatios’, for this playeratthegivenperiod
andof pastsaving s_1 . . . §_n of thelastn periods.We ranregressiongor differentvalues
of n. For n= 4, we obtained:

St = Bs.iSt +BstiSt-1+ B2iS—2+ B3 iSt—3+ BstiS -4 (18)

FigurdlOshovsthecumulativedistributionof Bs: , i.e. of theweightthataplayerattaches
to thelevel of optimalsaving, givenhis or herown expectationsWe seethatmostplayers
putweightlessthanoneon their own optimal saving.

for secondorderrules,thoughin our casetheresultsdo notimprove muchon thefirst order
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Thefigure shavs the cumulative distribution of the weighton optimalsaving Bs- i givenown expectation.

Figure10: Weighton optimalsaving

Sit B op F P> |F| 95%conf. interval
All Places 61550bsenations
§: | 1.010477 .0009998 F;°'°*=10980 0.0000 1.008517 (1.012437

Table3: Estimationof equatiori2d

They seemhowever, to compensatguite efficiently for a smallerweightthey puton
Bsi. Figurelld shaws for eachplayerthe factorfor the saving recommendatiofs: ; as
well astheweightof the pastsaving, summarise@sfs; + B + Bss + Bs2. The obsena-
tionsin thefigure caneasily be approximatedwvith a straightline: thus, playersalmost
constructa corvex combinationBs + ¥ Bst = 1, of pastsaving andtheir saving recom-
mendationgo decidewhatamountthey shouldreally save.

Claimingthatweightsreallyadduptoone,i.e.V; : Bs i + 3 Bst,i = 1, we canconstruct
saving predictionss ; asfollows:

St=(1—Bs1i —Bs2ii —Bsaii — Bsa,i)St +Bsrist 1+ Be2ist 2+ Bs3ist 3+ Pssist 4 (19)

To checkthe extentto which predictedsaving § ; explainsactualsaving s, we rana
simpleregression:

St=BsSt (20)

Resultsof the estimationaredisplayedin tabled We seethatthe modelexplainsthe
individual saving decisionnicely (seealsothe graphin the middle of figure[@). Thereis,
however, still asmallbut highly significantamountof over-saving left to explain.

Precautionarysaving might be one reasonfor over-savzing. Precautionarysaving
shouldbe higherwhenthe subjectis more uncertainaboutthe future, which might be
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Bs i

Thefigure shovs the sumof weightsthatagentsattributeto pastsaring Bs1 + B2 + Bss + B4 overthe
weightagentsattribute to optimal saving.

Figurell: Theimpactof pastsaving versusoptimalsaving

reflectedn thevolatility of thesubjectSforecas.

We take the measurevor = Vor — Vor asa proxy for motivesto over-save. As defined
aborever = InIn?(Tg /Tg_1). This makesinterpretatiorof thecoeficientsin thefollowing
equationeasier:

St=PBsiSt+ Bvorvor (21)

The averagesaredisplayedin tableld, the relationbetweenthe predictedandthe actual
valuesis displayedn theright graphof figure[@d Thefactorfs; is nolongersignificantly
differentfrom 1. Thus,volatility is a possibleexplanationof over-sasing

13Theeffect on saving of uncertaintymayin generabe ambiguousin, however, the presenexperiment
anincreasén theuncertaintyabouttherateof inflation (interpretedn the senseof a RothschildandStiglitz
(1970)meanpreservingspread)implies highersavings. To seethis, let the individual’'s beliefsaboutthe
valueof the priceratio 1 be summarisedy a non-dggenerateumulative distribution functionF (-) overa
closedinterval [, 71, with 1> 0. The subjects problemis thento chooseSsoasto

1

T S
max/ (m—9 (w2+ ﬁ) dF(m)
Thefirst orderconditionfor aninterior solutionyields:

2 emm)

wherethe expectationis taken with respecto F. Clearly, if the subjecthasa point expectationaboutr,
thereis no uncertaintyasassumedy the theoreticalmodelof sectior andthe optimal decisionis given
by equatior8 If, however, F (-) is non-degyeneratethen, given that for a genericrandomvariable X it
is E[1/X] = 1/E[X]+ 0%/(E [X])® (whereo is the varianceof X), it straightforwardly follows that the
greatertheuncertaintyabouttherateof inflation, the highermustbethe saving in the experiment.

14We have estimatedhe two regimesseparatelyndfoundthatthe resultingcoeficientsarenot signifi-
cantlydifferent.
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St = BsiSt + BooVor B op t P>1t|] 95%contf.intenal
Bs; 1.000082 .0009147 1093.322 0.000 .9982887 1.001875
B, .0004563 .0003373 1.353 0.176 -.0002049 .0011175

Table4: Volatility explainspartof theover-saring

6 Theoretical and policy implications of over-saving

Having presentedheresultsmechanicallywe now discussn moredetailhow they canbe
interpretedandwhat canbelearnedfrom them. Summarisinghe macroevidence while
we find somesupportfor Friedmans conjecturghatthemoney growth rule generateess
inflation volatility thanthe constantrealdeficitrule, we alsofind anunexpectedrade-of
betweenthe two rules: the money growth rule producesnore averageinflation andless
averagesaving thantherealdeficitrule.

Therearetwo possibleexplanationsof this latter effect at micro level. Oneis thatthe
monetaryregimesatffect the averagesaving level which in turn would be responsibldor
the differentlevel of inflation. Alternatively, perhapshe averagelevel of saving is not
affectedby the monetaryregimes,while the differentmonetaryregimesyield different
inflation levels giventhe samebehaiour. We find little supportfor the first hypothesis:
while we obsere over-savzing underboth regimes (andthe saving regressionsconfirm
thatthereis no systematidifferencebetweerthe two in the amountof over-saving), we
have inflation below the equilibriumlevel only underthe constantealdeficitrule, but not
underthe constanimoney growth rule.

This result givesindependensupportfor the secondhypothesis. Clearly, constant
over-saving leadsto inflation rateslower thanthe equilibrium valuesunderthe constant
realdeficitregime,but will notaffectinflationatall underthe money growth rule: rewrit-
ing equation$d and7 of section2 andassumingconstansaving behaiours =5 1=:5
yields

s
= 22
m= (22)

With themoney growth regime (d = 0), theinflationrateis pwhenthesaving levelis con-
stantover time. With the constanteal deficit regime (d > 0) theinflation ratedecreases
ins.

Thus, persistentover-saving, which our regressionshave shavn to be mainly pre-
cautionary might be the reasonfor the differentinflation levels obsered underthe two
regimesin theexperiments Evenmoreimportantly we will now shav thatalsothediffer-
encein theinflation volatility of thetwo regimesis perhapsiueto the samephenomenon
of over-saving.

To this end, let us considera linear model of over-saving and changeequatiorid as

follows: L
_ Lt Pt
s=Vy+ 2{2 (w o wz) (23)

A rationalagent,in aworld of no-uncertaintywould (asin equatiorid) choosey = 0 and
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{ =1/2; apurelyover-saszing agentmightchoosey > 0 or { > 1/2; anagentwho further
savesacorvex combinatiorof pastsaving andbestreply mightchoosey > 0 and{ < 1/2.
Theequilibriummap(seeequatior) is now:

MY+ {on — {TE )
Tk

—d+y+ Loy —{TE, 10— =0 (24)
Assumingfirst-orderadaptve learning,andfollowing the sameprocedureof integration
andlinearisationappliedthroughequation§l3 to[14 of sectior?, we canstudythelocal
stability propertiesof the two monetaryrulesin the experiment. As in section, with
comple eigervalues stability dependon the contractionfactor:

\/Tﬂ;&)ﬂ (25)
7 T — Ty
whereTtis theinflation rateobsenedin the experiment.

The greaterthis expression,the more likely the systemis to be stable. Sincethis
expressiordoesnot dependon the parametersf the two monetaryrulesonemightargue
thattherulesshouldnot leadto differentvolatility of inflation.

With over-saving, however, this resultis no longercorrect.Since,aswe have seenin
particularin equatior2d, over-saving leadsto lower inflation levelsunderthe real deficit
regime, but notunderthemoney growth regime, the differentlevelsof inflation underthe
two regimescanalsoexplain their differentvolatility.

We would alsoemphasis¢hatthis trade-of betweernthetwo monetaryruleswe find
in the experimentmay not be trivial from a policy perspectie. The two regimes, be-
ing designedo be theoreticallyequivalentin termsof governmentrevenuesin a world
with no-uncertaintyand rational agents,are still equivalentin the experiment,despite
the deviationsfrom the theoreticalpredictionswe have obsened. With the constanteal
deficit regime the inflation level is lower than equilibrium, but this cannotinfluencethe
revenuessincethey areby definition constantunderthis regime. Corversely the exper
imental propertiesof the constanimoney growth regime are‘similar’ to the equilibrium
propertiestheinflationlevelis onaveragevery closeto theequilibrium,sothatwe should
expectthegovernmentevenuedo be closeto the equilibriumaswell.

Thisintuition is confirmedby thecumulative distributionsof thegovernmentevenues
underthetwo regimes(figure[ld). We seethatbothregimesyield, ontheaverage similar
governmentevenuesandcanthusbe considereagquialentnot only in equilibrium, but
alsoin the experiment.

We finally notethatwhile on the one handthe evidencewe have reportedmight be
consideredo supportFriedmans conjectureon the lower volatility of inflation underthe
moneg growth rule, onthe otherhandit contrastaith asecondconjecturealsoadvanced
by Friedmanin his Nobel Lecture(Friedmanl1977). Therehe suggestedhat a positive
relationshipexistsbetweerthelevel of inflation andthevolatility of futureinflation rates,
the so-calledinflation-uncertaintyhypothesis.This conjecturehasspavneda very gen-
eral, but not conclusve empirical literature. For example, as notedby Evans(1991):
“Although economistdhave long suspectedhat inflation ratesandinflation uncertainty
aretightly linked, the statisticalevidenceis surprisinglyambiguous”. Our resultsmay
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Figure12: Cumulatve distribution of governmentevenues

helpto explainwhy. Friedmanadvancechis secondconjecturan acontext of uncertainty
of themonetaryregime,ratherthanin acontext of comparisorbetweerregimes:“A burst
of inflation producesstrongpressurdo counterit. Policy goesfrom onedirectionto the

other encouragingvide variationin the actualandanticipatedrate of inflation” (Fried-

man,1977,pp. 466). Our evidenceandtheanalysisconductedabore, however, show that
even whenthe regimesare certaintheremay still be animportant,thoughmore subtle,
sourceof end@enousuncertainty affecting agents’behaiours andthe actualinflation

rates throughthe stability propertieof the adaptve dynamicsof the differentregimes.

7 Concluding remarks on the literatur e of adaptive
learning

The last obsenation of the previous sectionbrings us to consideran ultimate, more
generalquestionunderlyingour experimentalinvestigationand concerningthe extentto
which, asin somecurrentresearcl{seethecomprehensie surwey in EvansandHonkapo-
hja (1999)),differentmonetarypoliciescanbe studiedandpossiblyranked accordingto
the stability propertiesof their adaptve dynamics.

Theanswermrovidedby our evidenceis notsimple.Ontheonehand,from anex ante
position,consideringhatthetheoreticaktability propertieof thetwo monetaryruleswe
studyimply equialenceof the two regimes,we shouldrejectstability analysisbecause
inconsistentvith our obsenation. Froman ex postposition,however, afterrejectingthe
equialencehypothesison empirical grounds,we have usedstability analysis— in the
light of the obseneddeviationsfrom optimal saving decisions— to explain the different
inflationaryimpactsof therules.

Shouldthe ex ante-or the ex post-perspeciie be preferred?The answerdependn



REFERENCES 23

the aimsof the analysis.If the purposeof the analysisis to understandindto describe
whatoneobsenesin thedata,our experimentlearly confirmthatthetheoryof adaptve
learningmay be quite fruitful. If insteadonewishesto derive policy recommendations
simply by the theoreticalstability propertiesof alternatve policy options, much more
cautionshouldbe used.Attentionmustin particularbe paidto the possibleeffectsof the
large numberof issueswhich, unavoidably, a theoreticaimodelmustabstractrom; but
which, if takeninto accountmay affect the conclusionof stability analysissubstantially

This seemsan obvious considerationyalid for any of theoretically-basegolicy rec-
ommendation.But in the presentcase,it assumes specialimportance. We in partic-
ular emphasisehat the questionwe are addressings not the reliability of the theory
of adaptve learningin its final implicationsfor equilibrium selection;but the extentto
which adaptve learningcanalsobe usefulin anex ante perspectie, to anticipatefully
the dynamictransitionalaspect®ut of anequilibrium. It is this muchmoresubtleissue,
whichis causingnuchdebateamongmacroeconomist&.g. Sagent(1993),Honkapohja
(Honkapohjal995),Farmer(1996)).

Theproblemseemso bethat“the ervironmentsnto which we have castour adaptve
agentsseemmuch more stableand hospitablethanthe real life situationsfor which we
would want transitiondynamics”(Sagent(1993,p. 169)). An importantspecificdiffi-
culty seemdo bethatthe ervironmentsn which adaptve agentsarenormallyembedded
typically referto generakquilibriumeconomiesvherethereis no uncertainty While this
assumptiorcouldperhapdejustifiedin modelsof rationalexpectationgsince by defini-
tion, in suchmodelsthe economyis alwaysin equilibrium)acharacteristiof themodels
of adaptve learningis preciselythatthe actuallaw of motion of the forecastedvariables
differ, during the transitionalprocessfrom the perceved law of motion, so giving rise
to an obvious sourceof endaenousuncertainty In this respectwe would concludeby
noting that amongthe differentfactorsone may have to considerin future researcho
increaseherobustnesof monetarypolicy recommendationsasedon stability analysis,
specialefforts shouldbe madeto checkhow robustthe recommendationare,in view of
the effect thatendogenoumflation uncertaintymay have on agents’behaiours.
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A LIST OFEXPERIMENTS

A List of experiments

Experimentsunin Florences/97

n | Players| Session| Periods Label d= %7)- W

1 12 1 13 EC 0 600
1 12 2 11 Euro-Bank 1 600
1 12 3 7 EC 0 600
2 6 1 14 EC 0 480
2 6 2 12 Euro-Bank 1 480

Experimentsunin Mannheim12/97

n | Players| Session| Periods Label d= %- W

3 17 1 21 — 0 480
3 17 2 12 — 1 480
3 17 3 17 — 0 480
3 17 4 5 — 1 480
4 13 1 15 BuBa 1 480
4 13 2 17 EC 0 480
4 13 3 16 BuBa 1 480
4 13 4 15 EC 1 480
5 16 1 24 BuBa 0 600
5 16 2 28 BuBa 0 600
5 16 3 59 EC 0 600
6 15 1 19 EC 1 900
6 15 2 14 BuBa 0 900
6 15 3 19 EC 1 900
7 20 1 23 EC 1 750
7 20 2 43 BuBa 0 750
7 20 3 18 EC 1 750
8 19 1 19 — 0 600
8 19 2 55 — 1 600

Experimentsunin Pavia 4/98

n | Players| Session| Periods Label d= %7)- W

9 14 1 24 BuBa 1 480
9 14 2 15 BuBa 0 480
9 14 3 10 BuBa 1 480
9 14 4 15 BuBa 0 480
10 14 1 7 EC 1 900
10 14 2 19 EC 1 900
10 14 3 9 EC 1 900
11 13 1 21 EC 1 540
11 13 2 21 BuBa 0 540
11 13 3 8 EC 1 540
12 14 1 21 EC 0 750
12 14 2 8 EC 0 750
12 14 3 7 EC 0 750
12 14 4 21 BuBa 1 750
13 14 1 24 BuBa 1 750
13 14 2 10 BuBa 1 750
13 14 3 22 EC 0 750
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