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Experimental Macroeconomics Evaluation of Coordination
Favorableness at Aggregate Level

Helena CHYTILOVA — Zdek CHYTIL*

Abstract

The experimental investigation of coordinatioruess is experiencing an up-
swing nowadays in macroeconomics. With the helpnoéxperiment set in the
New Keynesian framework of N-player pricing gamthwionopolistic compe-
tition and strategic complementarity inspired byhFend Tyran (2001), we
address the question of coordination favorablenasshe aggregate level.
The results of our experimental research indicdigt the extent to which co-
ordination is favorable might, under nominal pay-@éminance, be accountable
for existing nominal inertia at the aggregate leva$ a result, the product might
stay below its potential for a longer time, sinaeneergence is decelerated
through a strengthened channel of strategic comelearity.

Keywords: experimental macroeconomics, coordination, ratiopkdyer, con-
vergence

JEL Classification: C92, E52, E58

Introduction

Experimental macroeconomics as a subfield of exgartal economics aim-
ing to analyze aggregate phenomena through cosdrédboratory experiments
has gained considerable attention in contemporaonanics. The testing of
predictions or assumptions of macroeconomic modedht be subject to con-
siderable discussion within laboratory conditiomattenable the testing of inter-
actions of small groups of subjects for short psiof time. However, con-
trolled laboratory experimentation might be jusiifiin cases when it is almost
impossible to generate findings through standardroegonomic approaches
and econometric analyses of essentially unavailatderoeconomic data, as
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observed by Robert Lucas (1986). His invitatiorcémduct laboratory tests of
rational expectation macroeconomic models gaveosttio subsequent macro-
economic experimental research, including idertifan issues, endogeneity
issues and equilibrium selection problems.

As emphasized by Duffy (2008), one of the piormagtiopics subject to ex-
perimentation are coordination issues so crucialuitderstanding the persis-
tence of business cycle fluctuations via the bedrand agents that coordinate on
equilibrium. See for instance, Duffy and Ochs (1,92912), Van Hyuck, Bat-
tailo and Beil (1990), Ball and Romer (1991), Mamkind Romer (1991), or
Duffy and Fisher (2005), Fehr and Tyran (2007), &ag and Ortmann (2007),
Agranov and Schotter (2012), Arifovic, Jiang and (R013), Anbarci and Fel-
tovich (2013), Shurchkov (2013), Croix and Docquig®12), Jacquemet and
Zylbersztejn (2013), Arifovic and Jiang (2014), Eedeinemann and Llorente-
-Saguer (2013). Coordination issues are prevalaftbcted by the composition
of the economy, which is assumed to consist ofrbgémeous agents. If a suffi-
cient number of rational players are present ineit@nomy and willing to coor-
dinate towards equilibrium, then it is beneficial the player to coordinate as
well in terms of income. If a sufficient share dayers are non-coordinators,
then it is better to adjust their behavior accagdim the law of strategic comple-
mentarity, although the outcomes reached are swubaptiHaltiwanger and
Waldmann, 1989). Due to the imperfect adjustmediided by the strengthened
channel of strategic complementarity where cooténais unfavorable, the
economy may find itself out of the potential protukhis is the case for many
real economies as proved by Cooper and Haltiwa(if#96) Oh and Waldman
(1990; 1994) and many others.

Since coordination issues appear to be decisivddeelopment at the aggre-
gate level in terms of the convergence to equilibri several questions are
raised. This paper goes one step further, wheredttadion favorableness asso-
ciated with the adjustment to equilibrium is evaédghin terms of its impact on
income and with regards to whether agents facer&ahanvironment of nomi-
nal or real pay-offs. In other words, if peopleamominal environment take
nominal values as a proxy instead of the real @sedocumented by Fehr and
Tyran (2005b), it raises the question of the extenthich coordination is bene-
ficial, which might also explain the consequent imahinertia occurrence with
its resulting aggregate outcomes. Implementationoofinal values is supposed
to reflect vulnerability of individuals to the vedf nominal values in the real
world. As documented by Akerlof and Shiller (200B&hr and Tyran (2001) or
Modigliani and Cohn (1979) people see through thié of the nominal values
rather with difficulties. Thereby they may tend wtote for rather suboptimal
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outcomes, which together with strategic complenrégtanay affect coordina-
tion at the aggregate level.

A hypothesis inspired by a study of Fehr and Ty{2001) will be examined
with the help of the experiment set in the New Kesian framework of the
macroeconomic model of monopolistic competition €A&f and Yellen, 1985).
Individuals are in the role of firms setting prides their production in an artifi-
cial monopolistic competitive economy with uniqueréto-efficient equilibrium,
with a fully announced negative monetary shoclhammiddle of the experiment.
The returns of these firms are affected by theilingeprice and by the price
level, which is determined by prices set by otleng in the artificial economy.
Players in the role of firms, with strong incens\v&ipported by financial reward,
try to maximize their profit, defined as a functiohtheir particular price and
the average price level. During the process ofhiegr subjects are assumed to
select the profit-maximizing price, which should bensistent with the total
general equilibrium of the economy, if other sulgechoose the correct price
maximizing their profits as well.

On the basis of experimental data, we will tryet@luate whether or not po-
tential coordination in the first period directlftex the shock was beneficial for
subjects in terms of income. This may provide aswaan as to why rational indi-
viduals are willing to coordinate or not with redarto the type of treatment,
with the consequent impact on price adjustmenhataiggregate level. The first
test will try to shed light on what impact the safeexpectation correction of the
subject for the first post-shock period has on inesize and consequent coor-
dination. The second test focuses on how the adahtion of price from the
equilibrium price in the first post-shock affectetsize of income and conse-
guent coordination.

Both expectation correction and adjustment toettpgilibrium are significant
factors in terms of coordination, which might shadre light on the coordina-
tion favorableness of subjects governed by the gizacome with consequent
effect at the aggregate level.

1. Experimental Design

The experiment inspired by Fehr and Tyran (2081aised oiN-player pric-
ing game with monopolistic competition and strategomplementarity with
unique equilibrium. Subjects in the role of ideatiirms are expected to set the
price in each period of the garh&@he experiment is divided into a pre-shock and
a post-shock phase, each with length T. A fulljcgrdted negative monetary shock
is implemented during the game, which is commonvwkadge to participants,
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where a reduction is made from initial money supylyto M; = My/3.2 In order
to test coordination favourableness with its réisglimpact on economic out-
comes, treatments differ with respect to pay-offctions, which provide them
with information about their pricing strategy. Thay-offs of participants are
expressed either in nominal terms or in real temitls regards to the treatment.
The difference between pre-shock and post-shockepisacrucial since it enables
to observe how subjects coordinate to equilibrium.

Pricing behavior of individuals can be describedoading to Akerlof and
Yellen (1985), Blanchard and Kiyotaki (1987) anchFand Tyran (2001) as
follows:

The real pay-off of subject i is given by:

7= m (P, P, M) I=1..n (1)

where the aim of individual is to maximize the rpabfit z;. Profit depends on
individual priceP;, the average price of the othed group memberB and the
size of the nominal money supply M. In order fobjsats in the nominal treat-
ment to correctly decide on the price of their pridhey need to re-count nomi-
nal pay-off into the real pay-off. The nominal paffis given byP-. ;. In order to
compute real pay-off, individuals have to divideitmominal pay-off$-. z; by P-.

Functional specificatioiof the pay-off function implies that:

¢ Function is homogenous of degree zer@ijrﬁ-i and M.

e The equilibrium is unique for every M.
These conditions which reflect the neutrality atod, were implemented
in order to examine the effects of veil of nomimalues on the adjustment pro-

cess in the economy with a uniqgue money-neutrallibum Ff, I=1.nIf
M changes from Mto 1. M, and if prices change tdR and AP-i, the real
payment remains unaffected in order to ensure al@ytrIn addition, if/lFi",

! Subjects are endowed with pay-off matrices in prdemake appropriate decisions. See
sectionExperimental Procedures and Parametéys more information (pay-off tables are availa-
ble upon request, more in Fehr and Tyran, 2000).

2 \We opted for negative and not positive monetaxyckhdue to its asymmetric effects con-
firmed by experimental studies of Fehr and Tyraf0&a; 2005b; 2001). The adjustment of
nominal prices to a unique equilibrium after a niegamonetary shock is strongly retarded by
subjects” attraction to high nominal pay-offs iéyhbelieve other subjects opt for high pay-offs
too. On the contrary, in case of positive shockextb have to adjust their prices in the directbn
high “attractive” nominal pay-offs, because equilin prices have to rise after this shock. Thereby,
the convergence in this case is much quicker agegrby afore-mentioned experimental studies.
Moreover, asymmetrical real economic effects oftp@sand negative monetary shocks have been
observed by Cover (1992) or Peltzman (2000) or RadSola (2004).

3 More thorough mathematical specification of thg-p# function is available in the original
study of Fehr and Tyran (2000), i.e. <www.iew.unititwp/iewwp045.pdf>.
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i =1..n is a best reply t®-i atM,, then/IPi' is a best reply talP_; at AM,.
The post-shock equilibrium is then for all i eqt@l Pi* .

e The best reply is increasing [

Real pay-off of subject was made dependent omatkeage price of the other
n — 1 subjects in the grouﬁ-i , which generates strategic complementarity. If
the real pay-off of subject would be made dependarﬁ, it would be much
more difficult for the subject to play the bestlyempecause he would have to
also include his own price choice.

e Equilibrium is the only Pareto-efficient point jray-off space.

This property ensures that the equilibrium isuh&ue Pareto-efficient point
in the whole economy. Unique equilibrium was seldctlue to complications
induced by initial implementation of the price-g&jt game with monopolistic
competition. The adjustment towards equilibriunpie-shock and the post-shock
phase was distorted by attempts to cooperate inelleand also nominal frame
as proved by pilot experiment of Fehr and Tyrar0(30

¢ Equilibrium can be found by iterated eliminatioh weakly dominated
strategies.

This property ensures that framing of pay-offs Inaseffect on whether
a particular strategy is dominated. A method fodiing the equilibrium remains
the same regardless of the character of pay-affthé real frame a (weakly)
dominated strateg; is set such as it has smaller real pay-offs vahieany
level of P-i. Also in the nominal frame a (weakly) dominatechtstgy P; has

smaller nominal pay-off values at any levelRf, . Subjects therefore only face
a task of elimination of (weakly) dominated strég¢egvith smaller pay-off values
at any given level oP-i . Since the best reply function is the same regasdiés
the nominal or the real frame and this holds atsottie number of dominated
strategies, the nature of coordination betweenréda® and nominal treatment
should not differ if individuals are able to uncotige veil of nominal values.

We expect that the economy of the real contrattnent will exhibit favora-
ble conditions for coordination followed by sufficit expectation correction and
fast adjustment to equilibrium due to a simple svinent absent of the need to
uncover the veil of nominal values. Whether coaation favorableness in the
experimental economy of the nominal treatment plewaso or not depends on
the channel of strategic complementarity, whichhmige strengthened or weak-
ened depending on the type of players that prelfadlgents predominate who
behave in a rigid way, coordination is then lesseffieial in terms of income,
thus leading to slower adjustment at the aggrdgatd, with the economy being
below the potential product after the negative ntanmyeshock. If a sufficient
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number of rational coordinators prevail in spitetbé nominal environment,
coordination favorableness will lead to a reductainnominal inertia at the
aggregate level.

2. Experimental Procedures and Parameters

84 subjects participated in the experiment, whig@s conducted in the La-
boratory of Experimental Economics, University afoBomics, Prague (UEP),
Faculty of Economics in June 2011.

Subjects were master students from Faculty of &wwes, UEP and were paid
a show-up fee of 150 CZK. This was also the mininamount, which they could
win during the game. The total earnings of the extbjin the experiment were
approximately 450 CZK on average. The experimesgakion lasted 90 minutes
on average. In order to experimentally test thgestdd behaviour through com-
puters, the Java program was used to set-up therimgmt. The game has 40
rounds plus one trial period, with a group size ef4, which remains constant for
the whole game. The size of the group was selestéa the original design, since
no significant net effects are associated withfeemint size of the group. With
more members in the group, the probability of sctisj@vho are unable to uncover
veil of nominal values increases, but also the lo#ipaof an individual to affect
average prices is smaller. Secondly, with regayded heterogeneity of the play-
ers, the case of four different players with foiffedent pay-off functions would
be the most realistic one. However, the more diffepay-off functions are present
in the design, the more complicated the case. r&sut, only two types of players
x and y with two different pay-off functions are peat in our experimental design.

4 Experimental literature according to Riciutti (20@8stinguishes among two types of macro-
economic experiments: a) experiment centered aglesimarket, which is in line with the current
trend of macroeconomic modelling based on microflations; b) macroeconomic experiment of
Walrasian nature, which centers on inter-relatibeswveen several markets and the spill-over
between them. Our experiment falls within the latttegory, which is in line with current macro-
economic modelling based on microfoundations. Thius,size of the sample € 84 subjects,
whereN = 40 in the real treatment atfNl= 44 in the nominal treatment) is sufficient irder to
derive appropriate implications at aggregate lelkis is also documented by vast array of studies,
which use similar size of sample for this type gperiment. See for instance Fehr and Tyran
(2008), with number of subjects= 76; Fehr, Kirchsteiger and Riedl (1998} 52; Adam (2007)

z = 30; Duffy and Fisher (20053,= 10; Arifovic and Sargent (2003)= 12; Van Huyck, Battalio
and Beil (1994)z = 40 and others. This argument is further suppdeSmith (1962) who proves
that the convergence to competitive equilibriursufficient only with few subjects (3 — 5) on side
of supply and demand. Additionally he confirms ttte¢ big sample size is necessary neither in
strategic environment, nor non-strategic environme@onsiderations about the sample size may
be summarized in vein of Duffy (2011, p. 6): “Inaptice, experimental macroeconomics is not
distinct from microeconomic laboratory experimeritere is just a different focus or interpreta-
tion. A macroeconomic experiment is one that tdstspredictions of a macroeconomic model or
its assumptions or is framed in the language ofraeonomics.”
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The major experimental parameters inspired by feftr Tyran (2001) are
summarized in Table 1 belowhe experiment is divided into a pre-shock and
a post-shock phase, each with length T = 20. A faiticipated negative mone-
tary shock is implemented during the game, whicledemamon knowledge to
participants, where a reduction is made from ihiti@ney supply M = 42 to
M;= My/3 = 14. Playex is supposed to set relatively low price in equilim,
whereas the player y should vote for relativelyhhpgice. Average equilibrium
price across n groups in pre-shock phasé)*ig 18, whereas in the post-shock

phase isF_f = 6. Experimental subjects interact via computemtnals and have
to select in each period an integer prigan interval from 1 to 30. They also
have to form an expectatidd about P-i. Moreover, they have to indicate their

confidence about their expectati®}] , which was measured by choosing an

integer on scale from 1 to 6, where 1 indicates e subject is not at all confi-
dent, whereas 6 indicates that the subject is atedplconfident.

Table 1
Experimental Parameters
All Periods
Representation of pay-offs in the nominal frame E’-irq

Representation of pay-offs in the real frame 7T
Group size n=4
Information feedback in periad P-i, 7%, m;
Real equilibrium pay-off 40
Choice variable RO{12.39
Length of pre-and post-shock phase in treatmeitit iniitman opponents T=20
Pre-Shock Values

Money SupplyM, 42

Average equilibrium pricdSk and average equilibrium expectation for the wigsleup 18
Equilibrium price for typex 9

Equilibrium expectationf"fi for typex 21
Equilibrium price for typey 27
Equilibrium expectationP'fi for typey 15
Post-Shock Values

Money supplyM; 14

Average equilibrium pricd? and average equilibrium expectation for the wigpleup 6
Equilibrium price for typex 3

Equilibrium expectationlsfi for typex 7
Equilibrium price for typey 9

Equilibrium expectationP'fi for typey 5

Source:Fehr and Tyran (2001).
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In the treatments with human opponents subjeate t@mface a coordination
problem which is closely associated with uncerjair@onfidence therefore
serves as an indicator of subjects” perceived taiogr about the other subjects’
choices. At the end of each period (after the ad@icmade) subjects are in-
formed about their performance on an outcome sciBea size of their actual
real pay-off together with the actual realizatiénRo.i is depicted for the current
round. Additional information regarding the subjeqgbast real pay-offs and past
choices ofP-; is also available there.

In order to make the appropriate aforementionedsiEns the subjects re-
ceive information about their pay-offs in a matform. The pay-off matrices
are designed fox andy-types for all treatment conditions. Either thelrea
the nominal pay-off is present in the matrix fockedeasible combination of
Py, P-i ). The best reply for any giveﬁ-i is easily found owing to setting of
pay-offs given by properties of the pay-off funatiGSubjects have to select the
highest real or nominal pay-off associated withaeigy P-i given their expecta-

tions PZ . The highest earned profit is 40 units ECIis important to note that
not only do subjects receive their own pay-off ¢égblbut also pay-off tables of
the other type.

Publicly announced negative monetary shock is émgnted in the last
period of the pre-shock phase. Based on that, cisbgg x and y-types receive
the new pay-off tables, adjusted for the new lexfahnoney supply M= My/3.
Except for the shock, nothing changes, which is rmom knowledge together
with the length of the post-shock phase, whichistlaer T period. Subjects also
receive pay-off tables of the other type. In additithey are still equipped by the
pre-shock tables and are allowed to compare it thighpost-shock ones. In order
to fully understand the change and ensure thatah@nal shock was anticipated,
subjects have sufficient time to study the new alddpay-offs.

3. Assessment of Coordination Favorableness

The first period after the monetary shock is alior investigation of coor-
dination favorableness, since it will enable uslétect the extent to which there
was any expectation correction as well as whetheatjustment to equilibrium
appreciated in terms of income, with the conseqimaptct for convergence at
the aggregate level.

5 Profits were expressed in experimental units. filewing exchange rate was set for the
consequent payment procedure, 1 ECU = 0.4 CZK.
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3.1. The Impact of Expectation Correction on Income

In order to test coordination favorableness, thpact of the expectation cor-
rection on the size of income is subject to ingegion on the basis of experi-
mental data:

Income =a + f*(P-i — P%) + ¢ (2

where P-; is the average price of a particular player in pleeiod before the
shock, computed as the average of individual poelstprices of othen — 1

players and_Dfi is the expected price of the player for the fosst-shock period.

Deviation P-; —F"fi shows how close the player’s expectations aréh®post-

-shock period compared to the pre-shock aqtuiak, i.e. the size of his expecta-
tions correction. The closer the expectations ¢optte-shock average price, the less
willing the individual is to coordinate, which mesatihe correction of expectations
is lower. The further the expectations from the-glieck average price of other
n— 1 players, the more rational the individualnsterms of coordination and
correction of expectations becomes higher. Coefiitfi measures how the size of

deviation(l3-i - F’fi) will be reflected in the size of income earned lwy tational

who is willing to coordinate. If the coefficientégjual to O, then the size of devia-
tion (the size of expectations correction) doeshaste any impact on the size of
income earned and being the rational coordinatapigelatively more advanta-
geous. If the coefficient is positivg ¢ 0), it implies that the higher the size of the
deviation (i.e. the higher the correction in expéons), the higher the income
earned and thus being the rational coordinator quao be profitable. Thus,
according to our hypothesis the coefficignmhay be positive or equal to z€ro.

In order to capture all the effects in the econpaftgrnative non-linear repre-
sentation may seem to be a better option for orpgze as illustrated by Figure 1.
Since a majority of subjects in economy A are ralacoordinators, correction
of expectations is at size 12 (based on Table highwis the optimal size of ex-
pectations correction of the rational coordinata.a result, most of the subjects
achieve the maximum income of 40, demonstratechbyctrve with a top peak
(based on pay-off tables). Thus, high coordinaiog. high expectation cor-
rection) is associated with high average incomthéneconomy. Once an adap-
tive player emerges in a rational economy wheredination prevails at the
aggregate level he achieves a significantly loweoine compared to rational

®If the coefficient were negative, this would meaumr hypothesis would have a different
meaning, i.e. the lower the deviation (the lower #éxpectation correction), the higher the income
earned. This would test whether adaptive behavi®associated with a higher income. However,
this is not subject of our investigation.
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coordinators. Based on simulations, if his expemtatorrection is zero then an
income of size 2.5 is earned (based on pay-ofebl

Figure 1
Income Development of the Rational Economy A versusdaptive Economy B
Economy A Economy B
Income Incan

40 Overshooting part

2.5

12 (P=i -P%) 0 12(P-i - P%)

Source Own considerations.

The second graph of Figure 1 shows adaptive ecpiowith low coordination.
In this case almost no rational coordinators aesgnt. Zero correction of expecta-

tions (I_D—i —F"fi =0) corresponds to the case of the adaptive playerdaesn’t

coordinate and who achieves 18.5 based on payabfé€ Low coordination
with the prevalence of adaptive players is assetiaith a lower average income in
the economy at the aggregate level, which is detrates by a lower position of
the parable, which is flatter than in case of era economy. If a rational sub-
ject emerges in this adaptive economy, where almostoordination is present
at the aggregate level, he will always achieve losgavards (size of income 5),
than purely adaptive player, whose reward equalS k8sed on pay-off tables.
Thus, if a rational coordinator emerges, a bettategyy for him is not to coordi-
nate and adjust to the rest of adaptive playersotlect comparable rewards.
This reflects our initial hypothesis that coordioat(expectation correction) in an
adaptive economy is associated with lower incomehfe rational coordinatdf.

" The right part of the parable reflects possiblerskiooting in the economy A.

8 Income earned by pure adaptive players (with eemectation correction) of type x and y is
25 and 12, which yields 18.5 on average.

% This might have serious implications for the ecogpwhen a rational coordinator emerges
in the economy where a low number of rational playae present; his coordination effort is pe-
nalized in consequent periods by a reduction irarda: Thus, the best option for the next periods
is to adjust his behaviour to the majority of indivals. This further worsens the adjustment of the
economy to the equilibrium and the economy mighteha tendency to stay below the potential
product for longer time.
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3.2. The Impact of the Size of Adjustment to Equilibrium on Income

In order to test how the actual deviation of pificen the equilibrium in the
first post-shock affects the size of income assediavith coordination favora-
bleness, the following regression has been condtitte

Income =a + y*(P — P') + ¢ (3)

whereP is the individual price of a particular playerthre first period after the

shock andP” is the optimum price of an individual player fdvetfirst post-
shock period. DeviationR —P") shows how close the price of a player in the

post-shock is to his price in the post-shock elguidim. The closer the individual
price is to the optimum, the more coordinatingitigévidual is. In other words,
the rational who coordinates in a perfect way imiaiedly adjusts his price to the
new optimum after the shock. The further the indligl price is from the opti-
mum price, the less coordinative the individuaivigich means that he adjusts
his price to the new optimum only reluctantly aedts his pricing strategy on
the pre-shock price development. Coefficiegmheasures how the size of devia-

tion (P — P") (i.e. distance from equilibrium) will be reflectén the size of

income earned by the rational who is willing to hoate. If the coefficient is
equal to 0, then the size of deviation (distanoenfequilibrium) does not have
any impact on the size of income earned and béiagational coordinator is not
relatively more advantageous. If the coefficiemaégative { < 0), it implies that

the higher the size of deviation (the farther frequilibrium the individual is),

the lower the income earned and thus being theraticoordinator who adjusts
his price towards equilibrium has proven to be fieiz. Based on our hypothe-
sisthe coefficienty may be negative or equal to zero.

In order to capture all the effects in the econpafigrnative non-linear repre-
sentation seems to be a better option for our @arpdhe first graph of Figure 2
shows that since the majority of subjects in econdnare rational coordinators
and move towards equilibrium price (i.e. deviatioetween equilibrium and
individual price is approaching zero on averageg, highest earned reward in
the economy is 40. Thus, a high incidence towagadibrium is associated with
high income on average in the economy. A more lbllexadjustment towards
equilibrium is associated with significant inconmeriease as given by narrow

19 Once the overshooting individuals emerge in teisnemy, then also the left upward rising
part parable till the maximum becomes relevant.

1 This test was conducted in order to provide addit verification regarding beneficial
coordination, since expectations set by subjecinduthe experiment might not provide such an
accurate picture.
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parable. Once an adaptive player emerges in anedticonomy, he achieves
a significantly lower income compared to the ratiocoordinators. Simulations
of a pure adaptive player, whose distance fromlibgiuim is 11, shows that he
earns an income of the size 2.5.

Figure 2
Income Development of the Rational Economy A versuldaptive Economy B

Economy A Economy B
Incomd Income

Overshooting 40

Overshooting

7

11\(P,—P*) 11 (R-P")

Source Own considerations.

The second graph shows the adaptive economy B, st coordination,
where almost no rational coordinator is presento aeljustment to the equilibrium

(P — P") = 0 corresponds to the case of adaptive player wisrdocoordinate

and who achieves 18.5 based on simulations. Lowdawation with a preva-
lence of adaptive players is associated with al@verage income in the econo-
my at the aggregate level, which is demonstratedhbylower position of the
parable, which is flatter than in the case of #iteonal economy. The left part of
the parable is relevant for our investigation ia tase of zero overshooting sub-
jects. The further from the equilibrium, the highbe income earned, but the
increase in income is not so significant. If aoa#l subject emerges in this
adaptive economy, which is characterized by almostoordination being pre-
sent at the aggregate level, he will achieve sicpnitly lower rewards (size of
income 5 based on simulations) than the rewardig# pdaptive player.

4. Coordination Favorableness, Aggregate versus Individual Level

Before we approach the presentation of the resuis worth mentioning
some basic theoretical possibilities related totyipe of the economy and type
of player which may account for the coordinatioriogf based on income
achieved in different conditions (see Table 2).
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Table 2
lllustration of Situations Related to the Type of he Economy and Type of Player
Type of the economy Type of the player

High expectation correctionR-j — P2 ) Highly coordinated economy|  Rational coordinator
Full adjustment to equilibrium, i.e g - P )
. . Highly coordinated economy Non-coordinator
is approaching to zero
Expectation correctionR-j - PZ; ) Economy with no coordinatiof ~ Rational coordinator
is approaching to zero
Inertial adjustment to equilibriump - P Economy with no coordinatior Non-coordinator

Source Own considerations.

In the case of a highly coordinated economy, whichsists of prevalently
rational coordinators, intensive expectation cdioectakes place at the aggre-
gate level, where expectations are close to thé-ghmxk equilibrium price.

Thus, the deviationﬁ—i —I_D'fi) is higher for this economy. For the perfect ra-

tional coordinator it yields exactlyf(—i —I_D'fi) = 12 according to simulations

based on experimental parameters (see Table 19.iFhiccompanied by almost
immediate price adjustment to the post-shock dauiln, where the deviation

(P- P') approaches zero. This economy, because of itsiteatihg behavior

and high expectation correction favors rationaivittbal, where the maximum

size of reward in the case of full adjustment isb&48ed on the simulations. In
contrast, if the player is not willing to coordiean this economy, he is not in
line with the development at the aggregate levekcaise of weak expectation
correction and inertial price adjustment as oppdsethe majority, he will be

penalized by a lower income of 2.5 for a pure noardinator.

In the case of a non-coordinative economy, formpeslalently of adaptive
players, the expectations about the price in tfs¢ fiost-shock period rest on the
pre-shock equilibrium pric&.Almost no correction of expectations takes place
at the aggregate level, which implies deviatich (—I_D‘fi) approaches zero. This
is accompanied by an inertial adjustment to thaliegum, where pricing stra-

tegy is backward-looking and deviatioR ¢ P') is higher. For the pure adaptive

player it yields exactly g — P') = 11.The size of income earned in this econo-

my is not at a maximizing level, but lower on aygralue to its slower conver-
gence to the equilibrium, but it still favors nobecdinative players in terms of
income, yielding 18.5 based on simulations. Thdamqtion lies in the fact that

12 pdditionally, overshooting subjects might appaesinose behaviour might not be described
as purely backward-looking, but expectations atibatpost-shock price in the economy might
even overshoot the pre-shock equilibrium priceofotd with post-shock price overshooting.
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weak expectation correction and inertial price sgipent is not only applied by

this individual but takes place also at the aggeetgvel. If a rational coordina-

tor emerges, his rewards will be significantly lowlean that of adaptive players
at size of 5, since he is not in line with oveddlvelopment (see Table 1). This
discussion suggests that players are either redardpersecuted depending on
prevailing conditions in the economy. If the plajedisadvantaged, it may moti-
vate him to follow the crowd (depending on the natof the economy) in order

to increase his rewards in line with already mamgibstrategic complementarity.
The nature of coordination thus strongly dependshisiphenomena. The next
section will try to evaluate the nature of coordima depending on nominal

versus real environment, which subjects face.

5. Results of Coordination Favorableness with Respect to Treatments

5.1. The Economy of the Real Treatment

Our results in Table 3 show that we cannot rejeethypothesis that expecta-
tion correction has no impact on the size of inceaeed in the first post-shock
period at the 5% level of significance. However tlas t-value shows we can
reject the hypothesis that expectation correctiaa ho impact on income in
favor of the hypothesis that expectation correctivimgs a higher income at
the 10% level of significance. The results of regren are also documented with
the help of Figure 1, where income is on the y axid expectation correction

(I_D—i —I_D‘fi) on the x axis. As the size of the coefficientrggiout the curve’'s

steepness is lower than it should be in the casehoghly coordinated economy
with a majority of rational coordinators. The céafint f equals 0.5, which

means that if expectations about the post-shoale pevel (E’fi) are corrected

by 1 unit downwards as opposed to the pre-shode ﬁii , the income increase
will be 0.5 units at the 10% level.

Table 3
Income on Expectation Correction, the Real TreatmenEconomy
Coefficient t-value N R
Constant 13.9418** 6.52
= — 40 7.6%
(P-i - P%)) 0.558150 1.78

Notes: | ncome = 13.9418 + 0.558*P—; — P&, ).

*** Significance at the 1% level.
* Significance at the 10% level.

Source Own computations.
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This suggests that being a rational coordinatop whrrects expectations is
associated with a weaker income increase in thm@efter the shock at the
10% level of significance than it should be in ttase of a highly coordinated
economy.

Figure 3
Income on Expectation Correction, the Real TreatmenEconomy
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Source Own computations.

However, although the weaker reaction is presetiiea10% level, the real
treatment economy still possesses a sufficient murabrational coordinators at
the aggregate level for coordination to at leaspinditable in a satisfactory way
for the rational player. As was already documentieel,non-coordinating player
who enters a coordinated economy where rationaidatators prevail is penal-
ized by lower rewards. This is illustrated againFigure 3 above, where the
lower expectation correction as we move closer tdwarigin, the lower the
income earned as indicated by the cufMé.the subjects correct their expecta-
tions, i.e. do not coordinate at all and behavedeptive subjects, they would
earn 13.9418 on averadithe subjects do not correct their expectationalla
then the computation of functional values wouldd/ian income of 14 as was
already mentionetf. If the subject behave as a rational coordinatdrtans have

13 points which are depicted in the negative quadpéithe Figure 1 are associated with indi-
viduals whose expectations overshot the price énfitist post-shock period, but which proved not
to be empirically relevant.
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an optimal expectation correction of 12, then theome yields 21. As a result,
the difference between the income of a rationatadioator and non-coordinative
player who does not correct his expectation yiéldmits more in favor of the
rational coordinator in the real treatment economy.

The second, previously outlined, hypothesis shqutivide an answer as to
whether the distance of individual price from tlguiébrium in the first post-
-shock period affects income. The results in Tableelow show that the hy-
pothesis that the higher deviation from the eqtiilitm has no effect on income
has to be rejected in favor of the hypothesis thatfurther it gets from equilib-
rium the lower the income earned at the 5% levaigrificance.

Table 4
Income on Difference from Price Optimum, Real Treatment Economy
Coefficient t-value N* R?
Constant 20.4638** 7.82
. 40 10.02%
(R-P) -0.679807 -2.06

Notes: | ncome = 20.4638 - 0.679807*R - P").

*** Significance at the 1% level.
* Significance at the 5% level.

Source Own computations.

The results are also documented with the helpigiiré 4 below, where in-
come is on the y-axis and the deviation from ebuoim (P - P') on the x-axis.

The size of the coefficiert = —0.679807 implies that if an individual will devi
ate by 1 unit from the optimum he will be penalizgdan income loss of —0.67
at the 5% level. Thus, being the type of subjeob abjusts his price in an iner-
tial way towards the equilibrium in the first padtock period is associated with
earning lower rewards, whereas being a rationaidioator who flexibly adjusts
his price towards the equilibrium is appreciatéd¢es movement along the curve
closer to the origin implies higher rewards. Howewee still have to bear in
mind that this is contingent on the share of ratignayers willing to coordinate

14y =13.9418 + 0.558
whereX stands for P—j - P&;)

Y (12) = 0.5581.12 + 14 = 20.7
Y(0) =14
15 Number of subjects in the real treatment is N =ld€r in the nominal treatment N = 44.

Experimental procedure sometimes doesn’t allom¢tude exactly the same number of subjects
(some subjects don’t arrive and the number of Bulestsubjects is not enough to compensate,
when experiment is organized in interactive groupEvertheless, samples with slightly different
size are quite common in many laboratory experimamtd is not an exemption in case of the
original study of Fehr and Tyran (2001) and nobhstacle regarding econometric model.
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at the aggregate level. If a sufficient number lafyprs will not coordinate and
stay out of the equilibrium, and only some of thadjust their prices properly,
these rational coordinators will earn a lower ineos was documented by this
test, we cannot say that an insufficient numbeatibnal coordinators is present
at the aggregate level and thus coordination Isassociated with higher re-
wards for those coordinated in the economy of ¢aé treatment®

Figure 4
Income on Difference from Price Optimum, the Real Treatment Economy
Income I
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Source: Own computations.

The slope of our curve in the Figure 4 above isamsteep as in case of
a highly coordinated economy, but still generatedsveer income for players
who are out of equilibrium, thereby benefiting oathl coordinators, who adjust
immediately.

As Figure 4 shows, if no deviation from equilibrius present and instead
a perfect adjustment to equilibrium is the casentbubjects would earn 20.46
on average. Our results regarding coordination ribleness in case of an ad-
justment to the equilibrium are therefore consisteith previous test on expec-
tations correction. At the aggregate level it imaplihat coordination favorable-
ness contributes to faster adjustment to equilibrand the actual product does
not remain below the potential product for a loinget

18 points which are depicted in negative quadranhefFigure 4 are associated with individuals
who made overshooting expectations about the prittee first post-shock period.
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5.2. The Economy of the Nominal Treatment

Linear approximation appeared to be insufficiencope with the occurrence
of overshooting subjects in the nominal treatmetigre we could not reject that
expectation correction has no effect on income.sThon-linear regression was
conducted in order to detect coordination favonadss in the economy. The
presumption is that the lower the deviation for ethihe parable yields the
maximum, the more the results speak in favor of rtbe-coordinative player
who does not correct his expectations and expbhetsame price as in the pre-
-shock period. In contrast, the optimum size ofestation correction yields 12
for the perfect rational coordinator. If a non-adioative economy prevails at
the aggregate level, it should be reflected indize of income earned by a ra-
tional coordinator, who should earn a significarldywer income compared to
the non-coordinative players. The results of oyreexnent show that the coeffi-

cient (E—i -I_:’fi )% is significant at the 1% level (see Table 5).

Table 5
Income on Expectation Correction, Nominal TreatmentEconomy
Coefficient t-value N R
Constant 15.0548** 7.98419
(P=i -P%) 0.619197 1.72435 44 14.77%
(PLi-PS, Y —0.085376*** —2.63391

Notes: | ncome =15.05 + 0.618( P~ — P& ) — 0.0853( Pj - P&, )2
*** Significance at the 1% level.
* Significance at the 10% level.

Source Own computations.

Based on the results in Table 5, we search fonti@mum of the following
parable:
Y = 15.05 + 0.619*X — 0.0853*X

where X stands forﬁ—i —I_D‘fi )2, which is the size of expectation correction (for
more details regarding computation see the renzeksv) !’

17 Based on the results in Table 4, we get the fohigwiarable:
Y = 15.05 + 0.619*X — 0.0853*X
where X stands for deviatiorP( — P®; )2

In order to search for the maximum, the followammputation can be made:

v (x) = dIncome _ , 119 _ 0.0853x=0.
dX
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Figure 5 documents the situation more closely,restiee left part of the par-
able was also delineated in the negative part ®fgifaph, which confirms not
only the presence of adaptive players, but alsovefshooting ones.

Figure 5
Income on Expectation Correction, Nominal TreatmentEconomy
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Source Own computations.

The results for the nominal treatment show thatgarable yields maximum
for deviation X = 3.6where the size of income is 16, which is not fanfrthe
situation of the adaptive player with zero expéatatorrection (deviation X = 0),
whose income is 15.In contrast, the rational player in the economyvias

This yields a maximum income for deviation X =,3shere the functional value, i.e. the size
of income in our case, is computed:
Income (X = 3.6) = 16.

If the deviation X would be equal to 12 (whicheigactly the size of the expectation correction
for coordinated rational) then by substitution iparable equation we get:

Income (X =12) = 11.
If the deviation X would be equal to zero, thensipstituting into parable equation we get:
Income (X =0) = 15.
8 This discrepancy ensues from the fact that basegsults from Table 5, the linear variable
(E—i —F"fi ) is significant only at the 10% level, which ingdithat we may not reject at the 10%

level that the peak of the parable lies at theig,axhich reflects zero expectation correction.sThi
is also not a barrier for our evaluation of whetheordinated rationals or adaptive players are
better off, i.e. if coordination is prevalent aethggregate level or not (in addition the quadratic
variable is significant).
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a high expectation correction where X = 12 earnsieome of the size 11. This
suggests that players who still have expectatitosec to the pre-shock price are
rewarded more than rational coordinators. Thisnidine with the economy
where almost no coordination is present at theeagde level. Additionally, it is
evident that it favors adaptive players in termsraiximum income achieved,
whereas overshooting subjects are not at an adyarifave compare the differ-
ence in income of a rational coordinator and adeppiayer then (16 — 11) = 4
goes in favor of the adaptive player. Based onréiselts of non-linear approxi-
mation, the high expectation correction did notverprofitable in the nominal
treatment, but rational coordinators still achiege/ards that are at least higher
than in the simulated case of a non-coordinativenenly, where the size of
income is 5 (see Section 3).

The second hypothesis should provide an answay ahether coordination
associated with the distance of individual pricanfrthe equilibrium in the first
post-shock period affects income in the economthefnominal treatment. Due
to the previous insignificant results in the lin@aodel, where it cannot be re-
jected that the effect of movement further from éggilibrium has no effect on
income, the non-linear regression is subject t@stigation. The size of devia-

tion (P - P') for which the parable yields maximum rewards vl relevant

since the non-linear model is significant at the 8%l and provides an appro-
priate approximation (see Table 6). The higherdin@ation for which the para-
ble yields the maximum, the more the results spediavor of a non-coordi-
nating player who does not correct his expectatams does not adjust to the
equilibrium, but despite that is rewarded due te weak coordination at the
aggregate level. Thus, based on this result we iadseediately recognize the
character of coordination that prevailed in thenecoy since the income of the
individual player is directly associated with thevdlopment of the economy at
the aggregate level.

Table 6
Difference from Optimum Price, Nominal Treatment Economy
Coefficient t-value N R
Constant 7.41892* 2.24
(R-P) 1.78196* 2.64 24 15.86%
(R-P)? —0.0874164+ —2.78

Notes: | ncome = 7.41 + 1.78*@R - P*) - 0.087*(R - P )2
*** Significance at the 1% level.

* Significance at the 5% level.

Source Own computations.
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Based on our results in Table 6, we search fontagimum of the following
parable:

Y =7.41 + 1.78*X — 0.087*X (4)

where X stands forR - P'), which is a deviation of the individual price from
the equilibrium®®

The results for the nominal treatment show that fiarable yields a maxi-
mum for the size of deviation X =H(— P*) = 10.85,which indicates that the
individual price is distant by almost 11 units frdahe equilibrium post-shock

price. This suggests that the type of player readid the economy is the one
whose price is fairly remote from the equilibriuas, is documented in Figure 6.

Figure 6
Income on Price Difference from the Optimum, Nomin&Treatment Economy
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Source Own computations.

19y = 7.41 + 1.78*X — 0.087*% where X stands for deviatior?(- P ).

In order to search for the maximum, following cartgdion is made:
Y'(X) = d'%;me =1.78-0.16X = 0.

This yields a maximum income for deviation X=10wBere the functional value, i.e. the size
of income in our case, is computed:

Income (X = 10.85) = 16.49.
If the deviation X would be equal zero, then bistituting into the parable equation we get:
Income (X =0) =7.47.



800

Such a mechanism that rewards rigid behavior iBng with an economy
with almost no coordination. If a functional valisecomputed the size of income
earned by the player is: income (X = 10.85) = 16SiAce the maximum income
earned in a non-coordinative economy by the playehe case of zero adjust-
ment is 18.5, the size of the income in our econ@m®eriously approaching this
number. If a coordinated rational immediately at§juss price to the equilibri-
um in the first period of the post-shock phasedegiation (P — P')is 0 and he

earns an income of the size 7.47. The charactiveagconomy itself is generating
considerable inertia through an income incentivecstire which penalizes flexi-
ble pricing behavior through unfavorable coordioatiThe privilege of an adap-
tive player in a nominal treatment economy can aksseen from the difference
in incomes of a rational and adaptive player whieeesize (16.49 — 7.47) =9 is
in favor of the adaptive player.

In order to strengthen the above mentioned resthiese will be compared
with the simulated cases of rational and adaptiaggs. If we suppose a ration-
al coordinator of type X, then in the pre-shockigu(round 20), his optimum
price is 9, whereas after the implementation ofrtfemetary shock (round 21),
his optimum price equals 3 if he is a rational domator according to the exper-
imental parameters (see Table 1). The best optioarf adaptive player of type
X is to set his price to 16 directly after the dhaccording to the simulations
(see Table 1). Therefore, deviation of the adapgilayer of type x from the
equilibrium price is 16 — 3 = 13. If we supposet@asl a rational coordinator of
type vy, then his price in pre-shock period equdlsvhere after the monetary
shock he adjusts his price close to the equilibriirioe of 9 (see Table 1). An
adaptive player of type y in the period after theck sets his price to 18 based
on the simulations (see Table 1). Thereby the tieviaf the adaptive player of
type y from the equilibrium price is 18 — 9 = 9.98d on these results, the aver-
age deviation of the adaptive player is (13 + @) # 11. This value precisely
reflects the results obtained in our regressioreretincome in the economy is
maximized for deviation of size X =)(—- P ) = 10.85.

Therefore, evidence is given that the nominalttneat economy distinctly
privileges pure adaptive players over rational dowmtors and generates even
further nominal inertia through an incentive sturet of rewards which sup-
presses the coordination effort at the aggregatel.l&’he economy therefore
stays below the potential product for a longer tsimee coordination favorable-
ness is not ensured by a sufficient number of maticoordinators.

Afore-mentioned section analyzed, which players privileged in terms
of income, depending on the nature of the coordinain the economy. The
Table 7 provides summarization of income achiewedhle nominal versus real
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treatment. Income achieved in the first post-shmekod suggests bigger drop in
income of the nominal treatment. Also values relate the total income
achieved in the pre-shock and the post-shock phaggest that higher income
reduction after the shock occurred in case of tminal treatment. Moreover,
the total size of income is lower for this treatmd®esults suggest that the coor-
dination problem encountered in the real treatrmgenot as serious an issue as in
the case of the nominal treatment. Coordinatiorblpra is intensified in the
nominal treatment by the presence of nominal veilalues that subjects have
to face. As a result, this treatment faces thrdéagtaying below the potential
product for a long time.

Table 7
Income Development of Treatments
Nominal treatment Real treatment
Income in the first post-shock period 12 16
Pre-shock total income 700.4091 785.875
Post-shock total income 559.25 700.8
Total income 1 259.659 1486.675

Source Own computations.

Conclusion

This study tried to shed light on coordinationdeableness and its effects at
the aggregate level in the experimental framewdik New Keynesian economy
with strategic complementarity, which seems to kadl-founded in an era of
modern macroeconomic models based on explicit rf@muadations. The results
achieved underpin further the analysis of Fehr &pn (2001) from another
standpoint since coordination proved to be lessrie when subjects are pre-
sent in an environment with a high probability aking nominal pay-offs as
a proxy for real ones. Additionally, through thesessment of coordination
favorableness with regards to income, implicatiomnight be derived for the
economy at the aggregate level. It turned out ¢batdination favorableness is
governed by the resulting interaction with respgedhe individual versus aggre-
gate level situation in terms of income.

In the economy of the nominal treatment it appeéahat higher expectation
correction is associated with lower income. Thiggasts that the economy
favors adaptive players in terms of the maximunome achieved, as opposed
to overshooting ones. This is further documentedavsecond test, where results
show that income in the economy is maximized foriateon from the equili-
brium, which is typical for the pure adaptive play8ince the system doesn'’t
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reward rational coordinators, its consequent dereémt is low expectation
correction, inertial adjustment, thereby creatimgnmal inertia with direct im-
pact at the aggregate level. The opposite is tfubeoreal treatment. Although
the real treatment economy did not possess comgigtectation correction and
full adjustment at the aggregate level, a sufficieamber of coordinators still
emerged for coordination to be favorable. Theretbee economy stays below
the potential for shorter time with only negligibb®minal inertia. It also ap-
peared that the real treatment is privileged imseof the total income achieved
over the nominal treatment. This further suggesis coordination is a problem
for individuals who have to face environment of moah values with consequent
impact on the size of income gained.

In New Keynesian economics, low coordination midpet thereby, under
nominal pay-off dominance, accountable for existimmgninal inertia at the ag-
gregate level. As a result, the product might st@lpw the potential for a longer
time, since convergence is decelerated througheagihened channel of strate-
gic complementarity. Our results are relevant wiglgards to many studies,
which prove that strategic complementarity matterthe real economy, among
others Cooper and Haltiwanger (1996), Oh and Wald(@890; 1994). Further-
more, the realistic case described by nominal wahluélt in our design proved
that individuals prone to nominal values behave mstconger in line with stra-
tegic complementarity to maximize their rewardsic8i many recent studies as
noted earlier proved that people are prone to nalmialues, this further sup-
ports are conclusions about aggregate level corsegs in terms of product
and low income in real world.
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