Does Money lllusion Matter?
By ERNST FEHR AND JEAN-ROBERT TYRAN?

This paper shows that a small amount of individual-level money illusion may cause
considerable aggregate nominal inertia after a negative nominal shock. In addition,
our results indicate that negative and positive nominal shocks have asymmetric
effects because of money illusion. While nominal inertia is quite substantial and
long lasting after a negative shock, it is rather small after a positive sh@&k.

C92, E32, E52)

Until recently, the notion of money illusion Bewley, 1998; Alan S. Blinder et al., 1998). It
seemed to be thoroughly discredited in modernhas puzzled economists for decades because it is
economics. James Tobin (1972) described thequite difficult to explain in an equilibrium
negative attitude of most economic theorists model with maximizing individuals. Instead of
towards money illusion as follows: “An eco- money illusion other factors like informational
nomic theorist can, of course, commit no greaterfrictions (Robert E. Lucas, Jr., 1972), staggering
crime than to assume money illusion” (p. 3). As of contracts (e.g., Stanley Fischer, 1977; John
a consequence, money illusion has been anathB. Taylor, 1979), costs of price adjustment (N.
ema to the profession for several decades. Thé&regory Mankiw, 1985), and near-rationality
index of theHandbook of Monetary Economics (Akerlof and Janet L. Yellen, 1985) have been
(Benjamin M. Friedman and Frank M. Hahn, invoked to explain nominal inertia.

1990), for example, does not even mention the In this paper we do not contest the potential
term “money illusion.” In principle, money il- relevance of these explanations. We do, how-
lusion could provide an explanation for the in- ever, argue that money illusion has prematurely
ertia of nominal prices and wages and, thus, forbeen dismissed as a potential candidate for the
the nonneutrality of money. The stickiness of explanation of sluggish nominal price adjust-
nominal prices and wages seems to be an im-ment. Our argument is based on rigorous exper-
portant phenomenon (see, e.g., George Aimental evidence from a price-setting game that
Akerlof et al., 1996; Ben S. Bernanke and isolates money illusion from other potential de-
Kevin Carey, 1996; David Card and Dean terminants of nominal inertia. In particular, we
Hyslop, 1997; Shulamit Kahn, 1997; Truman F. show that after a fully anticipatetegativenom-
inal shock, long-lasting nominal inertia pre-
vails, even if informational frictions, costs of
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taking nominal payoffs as a proxy for real pay- librium. Although there are no direct costs of
offs. After a negative money shock, nominal forming expectations in our experiments, it is
payoffs decline because prices tend to declineguite likely that the task of forming expectations
while after a positive shock nominal payoffs involves cognitive costs. Taken together, the
increase because prices tend to rise. If theseesults of our experiments suggest that money
changes in nominal payoffs are taken as a proxyillusion matters, i.e., money illusion should be
for changes in real payoffs there will be more considered as a serious candidate in the expla-
reluctance to adjust prices to the new equilib- nation of nominal inertia.
rium after a negative shock. The rest of the paper is organized as follows:
Our experiments also allow us to judge the In Section | we discuss the notion of money
relative importance of the direct and indirect illusion and its potential aggregate implications
effects of money illusion on nominal inertia. in more detail. In Section Il we argue that
The direct effects of money illusion are defined experimental methods are appropriate for study-
as those effects that are the direct result ofing whether money illusion matters and we
individual optimization mistakes. The indirect present our experimental design. In Section Il|
effects of money illusion are defined as thosethe experimental results of the design with the
effects that arise because some agenxgect negative nominal shock are presented. Section
that others are prone to money illusion and, as dV argues that the nature of money illusion in
consequence, they behave differently. The dis-our experiment suggests that after a positive
tinction between the direct and the indirect ef- nominal shock there should be less nominal
fects of money illusion is important because inertia. This conjecture is tested in a design with
many economists seem to believe that moneya positive nominal shock. In the final section we
illusion is not a widespread phenomenon at thesummarize and interpret our main results.
individual level, i.e., that the direct effects of
money illusion are small. The textbook example I. Money lllusion at the Individual
where all nominal prices and nominal incomes and the Aggregate Level
are doubled nicely illustrates this view. It is
hard to believe that many people make an indi- A. Money lllusion at the Individual Level
vidual optimization mistake by choosing a dif-
ferent bundle of goods when prices and incomes Wassily Leontief (1936) defined money illu-
are doubled. Our results clearly show, however,sion as a violation of the “homogeneity postu-
that it would be misleading to conclude that late.” This postulate stipulates that demand and
money illusion is largely irrelevant because the supply functions are homogeneous of degree
direct effects of money illusion are small. In our zero in all nominal prices which means that they
experiments the direct effects of money illusion depend only onrelative and not on absolute
on nominal inertia after the negative shock areprices. Although other authors have used
also rather small but the total effects neverthe-slightly different definitions, the intuition be-
less are very large. The reason for this finding ishind their definitions seems to be rather similar.
that money illusion renders price expectationsThis intuition says that if thereal incentive
very sticky after the negative shock, which— structure, that is, thebjectivesituation, an in-
under conditions of strategic complementar- dividual faces remains unchanged, tieal de-
ity—induces agents to choose sticky prices.cisions of an illusion-free individual do not
This result lends support to theories that stresshange either. Two crucial assumptions underly
that small amounts of individual-level irratio- this intuition: First, the objective function of the
nality can have large aggregate effects (Akerlofindividual does not depend on nominal but only
and Yellen, 1985; John Haltiwanger and on real magnitudes. Second, people perceive
Michael Waldman, 1985, 1989; Thomas Russellthat purely nominal changes do not affect their
and Richard Thaler, 1985). It also lends supportopportunity set. For example, people have to
to the view of George W. Evans and Garey understand that an equi-proportionate change in
Ramey (1992, 1998) that costly expectation for-all nominal magnitudes leaves the real con-
mation causes expectations and prices to adjusstraints unaffected. Whether people are, in fact,
only gradually to the rational expectations equi- able to pierce the veil of money, i.e., whether
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they understand that purely nominal changeswith a given aggregate price level. However,
leave their objective circumstances unchangedthis rule is inappropriate in situations where the
is an empirical question. Irving Fisher (1928), aggregate price level is changing. Therefore, the
for example, was convinced that ordinary peo-application of this rule in an environment with
ple are, in general, prone to money illusion.  changing aggregate prices constitutes a form of

More recently Eldar Shafir et al. (1997) pro- money illusion.
vided interesting questionnaire evidence indi-
cating that frequently one or both preconditions B. Money lllusion at the Aggregate Level
for the absence of money illusion are violated.

Their results suggest that the preferences of In the past, economists frequently invoked
many people as well as their perceptions of thethe assumption of money illusion to account
constraints are affected by nominal values.for the short-run nonneutrality of money (e.g.,
Moreover, the answers of many people do notFisher, 1928). However, since the success of
only indicate that they themselves are prone tothe rational expectations revolution, econo-
money illusion but that they also expect other mists have been extremely reluctant to invoke
people’s behavior to be affected by money money illusion to explain the short-run non-
illusion. neutrality of money. A common feature of the

Since the absence of money illusion meansmodels of New Classical and New Keynesian
that an individual's preferences, perceptionsmacroeconomists is that thegxclusivelyfo-
and, hence, choices of real magnitudes are notus on the equilibrium states of their econo-
affected by purely nominal changes, it is naturalmies. In general, they remain silent on how
to view money illusion as a framing or repre- economic agents move from one equilibrium
sentation effect. From this viewpoint, an indi- to the other. In models that exclusively focus
vidual exhibits money illusion if his or her on equilibrium, the assumption of the absence
decisions depend on whether the same environef money illusion is very intuitive because it
ment is represented in nominal or real terms.is difficult to imagine that an illusion could
There is a large body of experimental researchpersist in equilibrium. However, there is a
that shows that alternative representations of thestrong a priori argument that money illusion
same situation may well lead to systematically is likely to affect theadjustment processf an
different responses (Reinhard Selten and Claugconomy after a fully anticipated monetary
C. Berg, 1970; Amos Tversky and Daniel shock. This argument is based on the simple
Kahneman, 1981). Representation effects seenfiact that in an interactive situation the failure
to arise because people tend to adopt the paref some agents to fully adjust to the nominal
ticular frame that is presented and evaluate theshock will, in general, provide incentives for
options within this frame. Because some op-other agents to not fully adjust to the shock,
tions loom larger in one representation than ineither. Thus, there may be a snowball effect
another, alternative framings of the same op-that causes less than full adjustment for a
tions may provoke different choices. prolonged period of time.

It is important to note that the nominal rep-  This can be illustrated in the context of a
resentation of an economic situation is probablymonopolistically competitive economy as ana-
the natural representation for most people. Thislyzed in, for example, Akerlof and Yellen
is so because most economic transactions ir{1985) or Olivier Jean Blanchard and Nobuhiro
people’s lives involve the use of money and, Kiyotaki (1987). To keep the argument simple
hence, are framed in nominal terms. Therefore,we focus solely on the firms’ behavior. The
it is likely that people often perceive and think reduced-form real profit function for firms in
about economic problems in nominal termsthese models can be written as
which may induce money illusion. A rather
basic form of money illusion occurs when peo- (1) ; = m;(P;/P, M/P), i=1,..,n
ple take nominal values or changes in nominal
values as a proxy for real values or changes inwhere; is firmi’s real profit,P; is the nominal
real values, respectively. Note that this rule of price set by firmi, P is the aggregate price
thumb makes perfect sense in an environmentevel, M denotes the supply of money, andhe
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number of firms: In these model$1/P is pro-  incentive to partlycompensat¢he behavior of
portional to real aggregate demand. For sim-the nonrational ones so that the latter have a
plicity, we assume identical firms, the absencedisproportionately small impaobn the aggre-
of menu costs and informational frictions, and a gate outcome. The results of Haltiwanger and
unique and symmetric equilibriuPi = P7, for ~ Waldman (1989) thus suggest that, given stra-
all'i, j. In this equilibrium each firm maximizes tegic complementarity, the existence of a small
real profits by setting®} = P*. Since (1) is  group of subjects that suffer from money illu-
homogeneous of degree zeroHp P, andM, a  sion may generate substantial nominal inertia.
change ifM to AM (A # 1) leads to post-shock However, while this is a plausible theoretical
equilibrium values of\P% and AP*. argument, there is, to our knowledge, no empir-
Suppose now that there is one group of agentscal evidence for the claim that a small amount
who suffers from money illusion and does, of money illusion may generate substantial
therefore, not fully adjust their nominal prices nominal inertia?
to AP?. Suppose further that there is a second
group of agents that anticipates the behavior of Il. An Experimental Approach
the first group. The second group, therefore, to Money lllusion
anticipates a change in real aggregate demand
M/P such that their members, in general, have One way to rigorously examine whether
an incentive to choose a price that differs from money illusion matters, is to look for a natural
AP?, too. Whether the interaction between theseexperiment in which arexogenousand fully
groups causegggregatenominal inertia de- anticipatedmonetary shock occurs. In order to
pends in an important way on the strategic en-unambiguously identify whether the shock is
vironment, that is, whether agents’ actions arefully anticipated, the researcher needs to know
strategic complements or strategic substitutesindividual information setefore the shock. To
Haltiwanger and Waldman (1989) have shownjudge whether the anticipated shock causes a
that in the presence of strategic complementar-disequilibrium and nominal inertia, the re-
ity between agents’ decisions, the existence of asearcher has to know the equilibrium values of
small group of nonrational subjects can have nominal pricesbefore and after the shock.
large effects on the process of adjustment to Moreover, to examine whether money illusion
equilibrium. In the above-mentioned model of causes nominal inertia, the researcher should
monopolistic competition, strategic comple- identify two similar natural experiments. In one
mentarity means that firiis profit maximizing  experiment the “world” should be framed in
nominal priceP; is positively related to the nominal terms while in the other experiment it
aggregate price levd?. This means that firms should be framed in real terms. In our view, it
which believe that, because of money illusion, seems extremely difficult, if not impossible, to
the prices of other agents are kept close to theneet the above requirements with field data. In
pre-shock equilibrium have a rational reason tofact, the exogeneity of monetary policy and the
choose a nominal price that is also close to thecausality between money and output is a matter
pre-shock equilibrium. of considerable debate (e.g., Christina D.
Thus, under strategic complementarity ratio- Romer and David H. Romer, 1989, 1994; Kevin
nal firms have an incentive to partiypitatethe  D. Hoover and Steven J. Perez, 1994; Wilbur
behavior of the nonrational firms which gives John Coleman, 1996). In addition, full knowl-
the latter adisproportionately large impact on edge of the pre- and post-shock equilibrium
the aggregate price leveln contrast, in the
presence of strategic substitutability, i.e Pjfis
negatively related t@, rational firms have an 2Since strategic complementarity is important for our
argument in favor of the aggregate relevance of (beliefs
about) money illusion, one would like to know to what
1 Equation (1) already incorporates (i) the maximizing extent it does prevail in naturally occurring economies.
behavior of all households, (ii) the cost-minimizing behav- Seonghwan Oh and Waldman (1990, 1994), Russell Cooper
ior of all firms for given output and wages levels, (iii) the and Haltiwanger (1996), and Blinder et al. (1998) provide

equilibrium real wage, and (iv) the equilibrium relation evidence in favor of the relevance of strategic complemen-
between real aggregate demand and real money balancestarity in real economies.
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TABLE 1—TREATMENT CONDITIONS

Payoffs in Real Terms Payoffs in Nominal Terms
Computerized opponents Real treatment with computerized opponentdominal treatment with computerized
(RC): 22 groups with 1 human ard — opponents (NC): 24 groups with 1
1 computerized players in each group human anch — 1 computerized
players in each group
Human opponents Real treatment with human opponents (RH)Nominal treatment with human opponents
10 groups withn human players in each (NH): 11 groups withn human players
group in each group

values of nominal prices is clearly beyond the They were free to change their nominal prices
information content of presently available field in each period at no cost. The players interacted
data. In reality, almost all business transactionsanonymously via computer terminals. Each
are shrouded in nominal money, i.e., it is very treatment condition had2periods. During the
difficult to find real-world examples of a real first T periods of a session the money supply
frame. was given byM,. Then we implemented fally

In an appropriate laboratory setting, however, anticipated monetary shock by reducing the
the above-mentioned data requirements can benoney supply toM,. This shock and the fact
met. The techniques of experimental economicsthat the post-shock phase again laskqueriods
allow the implementation of exogenous and was common knowledge.
fully anticipated nominal shocks and the exper- Our major interest concerns subjects’ pricing
imenter can exert full control over pre- and behavior in the post-shock phase. The pre-shock
post-shock equilibrium values of nominal phase serves the purpose to make subjects ac-
prices. In addition, the experimenter controls quainted with the computer terminal and the
the framing of the situation, e.g., whether sub- decision environment. In addition, and more
jects receive the payoff information in nominal importantly, the pre-shock phase allows us to
or in real terms. These enhanced control opporsee whether subjects reach equilibrium in the
tunities suggest that laboratory experimentspre-shock phase. After all, one can only argue
provide valuable information regarding the im- that money illusion is a disequilibrating force if
pact of money illusion on nominal inertia, equilibrium has in fact been reached before the
which may complement and help to interpret the shock.
results of studies based on field data (for field The real payoff of subjedt, ;, is given by
evidence see, e.g., Michael Abbott and Orley
Ashenfelter, 1976; Beth T. Niemi and Cynthia (2) = = m;(P;, P_;, M) i=1,..,n
B. Lloyd, 1981). The use of experimental meth- ~
ods also distinguishes our examination from thewhereP; denotes’s nominal price,P_; repre
study of Shafir et al. (1997). While these authorssents the average price of thther n— 1 group
asked subjects hypothetical questions, we di-members whileM denotes a nominal shock
rectly observe theevolution of individual and variable (money supply). The nominal payoff of

aggregate behavioafter a nominal shock. subjecti is given byP_;m;. In total, we have
four treatment conditions and the payoff func-
A. General Description of the tions (2) are the same in all conditions. The four
Experimental Design conditions differ along two dimensions (see

Table 1). Thdirst dimension concerns the fram-
To study the impact of money illusion, we ing of the situation, i.e., whether payoffs are
designed am-player pricing game with stra- represented in real or in nominal terms. In the
tegic complementarity and a unique equilib- real treatments, denoted by RC and RH jscis
rium. The pricing game was divided into a received the payoff information in real terms
pre-shock and a post-shock phase. All  while in the nominal treatments, denoted by NC
players simultaneously had to determine theirand NH, payoffs were represented in nominal
nominal prices in each period of the game. terms. Thus, to compute their real payoffs in the
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nominal treatments subjects had to divide theirRC we can test the hypothesis whether there are

nominal payoffsP_;; by P_;. individual-level irrationalities other than money
The second dimension concerns the fact illusion.
whether our experimental subjects fate- 1 In the NC, in contrast, money illusion can

preprogrammed computerized players oraffect the behavior of individuals because as a
whether they face — 1 other human subjects. part of the individual optimization problem hu-
The crucial point here is that in the computer- man subjects have to correctly deflate nominal
ized condition where one human subject facespayoffs at the variousR;, P_;) combinations.

n — 1 preprogrammed computers, the subject isHence, by comparing the post-shock prices of
informed about the aggregate response rule ohuman subjects in the RC and the NC we can
the computers in advance. The response rule obbserve whether there exists money illusion at
the computers is given by the best replies of thethe individual level.

computers [based on the computers’ payoff In the RH, as in the RC, individual-level
functions (2)]. Therefore, there is no strategic irrationality other than money illusion can play
uncertainty and, hence, no need to form expec-a role. However, in the RH the adjustment to the
tations about the behavior of the other players innew post-shock equilibrium is not just an indi-
this condition. Moreover, since the computers vidual optimization problem for the human sub-
play best replies, their behavior rules out anyjects. In the RH, adjustment to the new
money illusion or any other form of irrational- equilibrium also involves the solution of a com-
ity. In contrast, in the condition with human plex coordination probler.lt cannot be taken
opponents each subject faces the task of formfor granted that subjects instantaneously suc-
ing expectations about the other players’ priceceed to act according to the new post-shock
choices. This necessarily also involves a gues®quilibrium. A plausible reason for this is that
about the extent to which other players arethe complexity of subjects’ task is greater in the
affected by money illusion. RH compared to the RC.

The conditions with computerized players es- The RH and the RC are used to examine
sentially boil down to individual decision- to what extent individual-level irrationalities,
making experiments in which human subjectsother than money illusion, together with the
can maximize their money earnings by playing coordination problem contribute to nominal in-
optimally against the known aggregate best re-ertia. The difference in price adjustment be-
ply of then — 1 computerized players. Note tween the RH and the RC measures the impact
that in the computerized conditions the indirect of the coordination problem plus the impact of
effects of money illusion, which operate via the the interaction between the coordination prob-
expectations that other players are affected bylem and the individual irrationalities that are not
money illusion, can play no role because therelated to money illusion. Interaction effects
computers play best reply. These conditions,occur when these individual irrationalities cause
therefore, allow us to examine to what extentslow adjustment by some subjects after the
money illusion has direct effects on nominal shock which—due to strategic complementar-
inertia, i.e., to what extent it simply causes ity—induces the other subjects to adjust slowly,
individual optimization mistakes. In the condi- too. A particularly interesting case arises if we
tions with human opponents the indirect effectsfind no nominal inertia in the RC while in the
of money illusion can, in addition, also play a RH nominal inertia prevails. In this casdl of
role. the nominal inertia in the RH can be attributed

The experimental design in Table 1 allows to to the coordination problem because individual
isolate various potentially important determi-
nants of nominal inertia. In the RC, money
illusion is ruled out at the individual and, hence, 2 There is an important literature on coordination prob
also the aggregate level. Therefore, if we ob-lems in macroeconomic models (see, e.g., Cooper, 1999)
serve in the RC a slow adjustment of the nom- thatis based on the existence of multiple equilibria. We use

the term “coordination problem” in a different way because,

inal price chosen by the human SUb]eCt after theeven in the case of a unique equilibrium, subjects face a

ShOCk, money i"U_Sion cannot be the source of coordination problem: Nash-equilibrium play presupposes
this nominal inertia. Thus, with the help of the that subjects have coordinated (equilibrium) expectations.
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irrationalities (other than money illusion) are ference in the deviations of the post-shock av-

absent. erage prices from equilibrium between the NC
In the NH, subjects face the same coordina-and the RC,APN® — APRC measures the

tion problem as in the RH. We are, however, aggregate impact of individual-level money il-

particularly interested in the impact of adding lusion on nominal inertia. Note thatPN® —

the nominal frame to this coordination problem, APR® = PNC — PRC pecause the equilibrium

i.e., in a comparison of the NH and the RH. This price is identical across conditions. The differ-

comparison allows us to isolate thetal effects  ence between the NH and the RAPN" —

of money illusion in an environment where sub- APRH = pPNH — pRH measures the total -ef

jects face a coordination problem. The total fects of money illusion which consist of the

effects of money illusion in this environment individual-level effects plus the indirect effects.

consist of the direct effects of individual-level Thus, if there are no indirect effects of money

money illusion as exhibited in the NC plus the illusion the total effects must be equal to the

indirect “multiplier” effects of individual-level  individual-level effectsPN" — PRH = pNC —

illusion. These “multiplier” effects may arise PRC. If there are, however, indirect effects we

because in our setting with human opponentsshould observe thaPN" — pRH > pNC —

subjects with money illusion can also affect the PRC.4

expectations and thus the behavior of the sub-

jects without money illusion. If, for example, B. General Properties of the Payoff Functions

some subjects exhibit money illusion by taking

(variations in) the nominal payoff as a proxy for ~ Before we proceed to the specific numerical

(variations in) the real payoff, adjustment to parameters of our experiment, it is useful to

equilibrium in the NH may be slower than in the provide a general description of the payoff func-

RH. The reason is that after a negative shocktions (2). They have the following properties:

adjustment requires a decrease in nominal prices.

By definition, a decrease in nominal prices is (i) They are homogeneous of degree zer®iin

associated with a decrease in nominal payoff P_;, andM. ~

numbers in the NH. Therefore, subjects who (ii) The best reply is (weakly) increasing ;.

exhibit the above form of money illusion mis-

takenly believe that real payoffs decrease with In addition, our functional specificatidrof

lower nominal prices. Thus, they prefer to stay equation (2) implies that the equilibrium

at higher nominal prices, which may have a

direct adjustment-reducing effect. Moreover, if (i) is unique for everyM,

some subjects believe that others suffer from(iv) is the only Pareto-efficient point in payoff

this form of money illusion, they have an in- space, and

centive to slow down adjustment, too. In the (v) can be found by iterated elimination of

RH, in contrast, this effect cannot occur because  weakly dominated strategies.

payoffs are represented in real terms. In the RH,

it is, therefore, completely transparent that gen-

eral price reductions areot associated with

lower real p.ay.Offs' - “Note also that if there are no individual irrationalities
If the deviation from the post-shock equilib- other than money illusiorAPRE = 0, and the condition

rium is larger and lasts longer in the NH com- for the existence of indirect effecta PN" — APRH >

pared to the RH, we have support for the AP"° — AP™ can then be written asP™" > AP™"

hypothesis that money illusion contributes to AP"- This means that if the deviation from equilibrium

. . . . . . in the NH condition is larger than the summed devia-

no_mmal inertia. If, _'n ad_dltlon, the pI’IC_e €XPEC- tions in the RH and the NC condition, indirect effects

tations are more sticky in the NH than in the RH prevail.

we have an indication for indirect effects be- °The functional form is presented in the Appendix.

cause the indirect effects become effective viaReaders who are intereste(_i ir_1 the full set of instructions

sticky expectations. However, our design alsogeu Sorsut he Aseendy n Fenr and Tyren (2000)

enables us to isolate the indirect effects ofyp/iewwp04s.pdf. The instructions are also available from

money illusion at the behavioral level. The dif- the authors upon request.
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Note that the real payoff; does not depend on ticular strategy is (weakly) dominated. In the
the average prick of all group members but on real frame a (weakly) dominated stratdgyhas
P_;. This feature makes it particularly easy to (weakly) smallerreal payoff numbers at any
play a best reply for a given expectation aboutlevel of P_;. In the nominal frame a (weakly)
the other players’ average price. If we magle  dominated strategyP; has (weakly) smaller
dependent orP, so thatP; affectsP, it would  nominal payoff numbers at any level d?_;.
have been much more difficult forto compute  Thus, to eliminate (weakly) dominated strate-
the best reply (see also below). It is also worth-gies in either frame, subjects only need to elim-
while to point out that the nominal payoff for inate those strategies that have (weakly) smaller
each subject is given byP_;m; and not by (real or nominal) payoff numbers at any given
Pa,. This makes the computation of the real level of P_;. Since, in the condition with human
payoffs from a given nominal payoff much eas- opponents, the best-reply function and, hence,
ier because the deflator is independent of one’she number of (weakly) dominated strategies is
own price choice. exactly the same under the real and the nominal

Properties (i) and (iii) above were imple- frame, there is, in the absence of money illu-
mented because our analysis focuses on theion, no reason why adjustment should differ
impact of money illusion on the adjustment across the RH and the NH.
process of an economy with a unique money-

neutral equilibriumP?, i = 1, ...,n. To see  C. Experimental Procedures and Parameters
that properties (i) and (iii) imply neutrality, note

that a change iM from M, to AM,, leaves real pay- All major experimental parameters are sum-
offs unaffected if prices change taP; and marized in Table 2. The experiment was con-
AP_;. Moreover, ifP{,i = 1, ... ,n, isa best ducted in a computerized laboratory with a

reply to P_; at My, AP; also is a best reply group size oh = 4. The group composition did
to AP_; at AM,. Thus, AP} for all i is the not change throughout the whole experiment,
post-shock equilibrium. i.e., for 2T periods. In each group there were
Property (ii) captures strategic complementa-two types of subjects: Subjects of typeand
rity and was implemented for the reasons givensubjects of typey. Payoff functions differed
in Section |, subsection B. In our pilot experi- among the types. This difference implied that
ments we initially implemented a price-setting x-types had to choose a relatively low price in
game with monopolistic competition. However, equilibrium while y-types had to choose a rel-
it turned out that subjects quickly realized that atively high price (see Table 2 for details).
under monopolistic competition cooperative There is no particular reason for our choice of
gains can be achieved by out-of-equilibrium the group size because there are no strong con-
behavior. Therefore, both in the nominal as well jectures about the net effects of a different
as in the real frame, subjects systematicallygroup size. On the one hand, a larger group size
tried to achieve real payoff gains through out- enhances the chances that there are individuals
of-equilibrium behavior. Only towards the end with money illusion in a group. On the other
of each phase these attempts vanished. Thus, ihand, the relative impact of an individual on
the pre- as well as in the post-shock phase of ouraverage prices becomes smaller. With regard to
pilot experiments, adjustment towards equilib- the heterogeneity of the players’ payoff func-
rium was strongly retarded by attempts to co-tions, the case of four different payoff functions
operate. To remove this confound with the otherwould be the most realistic but also the most
sources of nominal inertia we chose payoff complicated case. Therefore, we went for an
functions that ensured that the equilibrium wasintermediate solution with only two types of
the unique Pareto-efficient point in the whole players®
payoff space [property (iv)]. In the pre-shock phase of each treatment the
Finally, property (v) means that there is a
methOd-for finding the e-qu”ibrium that WOI’kS. © The payoff functions of the two types were the same up
exactly n the same way in the real as We," as Iny, a parallel shift. Except fdP}, andP}, all parameters of the
the nominal frame. Note that the framing of payoff function specified in the Appendix are the same for
payoffs has no impact at all on whether a par-both types.
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TABLE 2—EXPERIMENTAL DESIGN

Panel A: All Periods

Representation of payoffs in the nominal frame P_,m
Representation of payoffs in the real frame i
Group size n=4
Information feedback in periotl P_;, m
Real equilibrium payoff 40
Choice variable P, € {1, 2, ..., 30}
Length of pre- and post-shock phase in treatment with computerized opponents T=10
Length of pre- and post-shock phase in treatment with human opponents T =20
Panel B: Pre-Shock Values
Money supplyM, 42
Average equilibrium pricé* and average equilibrium expectation for tiaole group 18
Equilibrium price for typex 9
Equilibrium expectatiorP® ; for type x 21
Equilibrium price for typey 27
Equilibrium expectatiorP® ; for typey 15
Panel C: Post-Shock Values
Money supplyM, ~ 14
Average equilibrium pricd®* and average equilibrium expectation for thaole group 6
Equilibrium price for typex 3
Equilibrium expectatiorP® ; for type x 7
Equilibrium price for typey 9
Equilibrium expectatiorP® ; for typey 5

money supply was given byl, = 42 while in  expectatiorP®; by choosing an integer from 1
the post-shock phase it was given b, = to 6 where 1 indicated that the subject is “not at
My/3 = 14. In the pre-shock equilibrium the all confident” while 6 indicated that he or she is
average price over afl group members is given “absolutely confident® This measure of confi-
by P; = 18 while in the post-shock equilib dence can be interpreted as an indicator of sub-
rium it is P% = 6. In the treatments with human jects’ perceived uncertainty about the other
opponents both the pre- and the post-shockplayers’ choices. Note that this uncertainty is an
phase consists df = 20 periods while in the inevitable component of the coordination prob-
treatments with computerized opponefits= lem that subjects face in the condition with
10. The reason for this difference was that wehuman opponents. At the end of each period
expected that adjustment would take longer ineach subject was informed about the actual re-
the presence of a coordination problem. For thealization ofP_; and the actual real payoff; on
purpose of comparing post-shock nominal iner-a so-called outcome screen. In addition, the
tia across treatments it is crucial that the re-outcome screen provided information about the
quired price adjustment, i.e., the difference subject’s past choices &%, past realizations of
betweenactual nominal prices in the final pre- P_;, and past real payoffs;.

shock period and the new post-shock equilib- Subjects received the payoff information in
rium price, is roughly the same. To ensure matrix form® The payoff matrix shows the real
comparable adjustment requirements acrossnd the nominal payoff, respectively, for each
treatments we gave players more time to reach

the equilibrium in the treatments with a coordi-

nation problem. ”The detailed meaning attached to the numbers is: 1
In each decision period subjects had tonotatall confident; 2= not much confidence; 3 not quite
choose an integeP; € {1, 2 30}. In confident; 4= quite confident; 5= very confident; 6=
i v 2, e, .

. : . absolutely confident.
addition, they had to provide an expectation 8 Appendix C of Fehr and Tyran (2000) contains the

aboutP_; which we denote byP®;. Finally,  payoff matrices of- andy-types for all treatment condi-
subjects indicated their confidence about theirtions. See also footnote 5.
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feasible integer combination oP(, P_;). To  formation sheet that informed them about the
inform subjects about the payoffs of the other P_; response of the three computers to each
type, each subject also received the payoff ma-jprice choiceP; € {1, 2, ... , 30}. Fifty percent
trix of the other type. This information condi- of the human subjects in these conditions were
tion was common knowledge. The presentationendowed with the payoff function of an
of payoffs in the form of a matrix made it x-player, the other 50 percent had the payoff
particularly easy to find the best reply for any function of ay-player.
givenP_;: The subject just had to look for the At the end of the final pre-shock period the
highest real or nominal payoff in the column nominal shock was implemented in the follow-
associated wittP_..° In fact, one of the first ing way: Subjects were publicly informed that
things most subjects did after we distributed thex- and y-types received new payoff tables.
instructions was to mark the best replies in theThese tables were based g = My/3. Again
payoff tables. each type received the payoff table for his own
After subjects had read the instructions, butand the other type. Subjects kept the pre-shock
before the start of the experiment, each subjectables and were encouraged to compare the pre-
had to solve a series of exercises (see the Apperand post-shock tables. They were told that, ex-
dix in Fehr and Tyran, 2000). These exercisescept for payoff tables, everything else would
involved the computation of their own payoff and remain unchanged. They were given enough
the payoff of their opponents for given hypothet- time to study the new payoff tables and to
ical strategy profiles. In the nominal treatments, in chooseP; for the first post-shock periotf. This
particular, subjects had to compute tleal pay-  procedure ensured that in the first post-shock
offs from their nominal payoff tables for given period subjects faced an exogenous and fully
hypothetical strategy profiles. The subjects knewanticipated negative nominal shock. At the be-
that we did not start the experiment until every ginning of this period it was also common
participant in a session had solved all exercisesknowledge that the experiment would last for
successfully. All subjects were in fact able to solve anotherT periods.
the exercises. By this training procedure we Before we proceed to the experimental re-
wanted to rule out that subjects do not know howsults, it needs to be emphasized thaa given
to properly deflate nominal values. It is quite phasethe number of dominated price choices is
likely that this procedure diminished the amount identical across all treatments. It is, however,
of individual-level money illusion in our experi- not identical between the pre- and the post-
ment. It was motivated by the question whether ashock phase. Since the money supply is lower in
small amount of individual-level money illusion the post-shock phase the number of dominated
will causelong-lastingnominal inertia in the NH  strategies is also lower in this phase. Note that
because of the indirect effects of money illusion. the smaller number of dominated strategies in the
Obviously, the case for the relevance of moneypost-shock phase is an inevitable result of the
illusion is stronger if we observe large indirect fact that the money supply is reduced while the
effects. nominal strategy space and the nominal ac-
In the treatments with computerized oppo- counting unit is kept constaht. Due to the
nents, subjects received the same instructions
and payoff tables as in the treatments with hu-
man opponents. In addition, subjects were in- 10 gypjects were told that they had ten minutes to study
formed that the decisions of the other threethe new payoff tables and, in addition, three minutes to
players in the group would be made by prepro- make a decision for the first post-shock period. Yet, almost

grammed computers. Subjects received an in_aII subjects made their decision well before the 13 minutes
’ had elapsed. In the subsequent periods subjects also rarely

exhausted their time limits.
11 A change in the nominal price in the post-shock phase

9 If a subject is uncertain about the true valud®of,, the (i.e., atMy/3) by one unit has the same real effects as a
calculation of the best reply requires, of course, to take into change in the nominal price by three units in the pre-shock
account the subjective distribution &f_; and not only phase (i.e., aM;). This means that if a nominal price is
the expectation ofP_;. However, for simplicity, in the  strictly dominated in the post-shock phase there will, in
following we will use the term “best reply” in the sense of general, be three nominal prices that are strictly dominated
a best reply to the expectation Bf ;. in the pre-shock phase.
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differences in the number of dominated strat- A. Nominal Price Adjustment as an
egies a comparison of the adjustment speed Individual Optimization Problem
acrossphases must take this difference into
account. The higher number of dominated In this section, we address the question
strategies in the pre-shock phase means, iwhether individual-level money illusion and
particular, that the indirect effects of money other individual-level irrationality contribute to
illusion are likely to be smaller in this phase. nominal inertia. Therefore, our discussion is
This is so because, if a strategy is dominated,constrained to the RC and the NC, where ad-
it is optimal to not play this strategy irrespec- justment to the post-shock equilibrium is a pure
tive of the expectations about other players’ individual optimization problem. Our first main
behavior. Thus, expectations about otherresult is that in the RGll subjects instanta-
players’ money illusion necessarily have lessneously adjust to the new post-shock equilib-
impact and, as a consequence, one wouldium, i.e., nominal inertia is completely absent.
expect a quicker adjustment towards equilib- Support for this claim is provided by column 1
rium in the pre-shock phase. Note also thatof Table 3 and by Figure 1. Both the table and
the different number of dominated strategiesthe figure show the pre- and post-shock path of
across phases is not a problem for the mainthe average price of all human subjects in the
purpose of our research. We are not interestedRC. What is remarkable here is that, except for
in comparing adjustment speed across phasea few periods, the average pricesisactlyequal
butacross treatments in the post-shock phaseto the equilibrium price oPg = 18 in the pre-
For our purposes the crucial point is that in and P} = 6 in the post-shock period. More
the post-shock phase the number of domi-over, it is not just the average that coincides
nated strategies is identical across treatmentsvith equilibrium. In most periods literallll
because the only difference in the payoff ta- subjectsplay the equilibrium. This result con-
bles concerns the framing of the payoffs. trasts with what we observe in the nominal
frame. In the NC there is a small amount of
Ill. Results nominal inertia since some subjects do not fully
adjust prices to the new post-shock equilibrium.
In total, 130 subjects participated in the This claim is supported by Table 3 (column 2)
experiments described in Table'dTwenty-  and Figure 1. Both the table and the figure show
two subjects participated in the real treatmentthat the evolution of average prices is, in gen-
with computerized opponents (RC) and 24 eral, more volatile relative to the RC. This sug-
subjects in the nominal treatment with com- gests that at least some subjects in the NC have
puterized opponents (NC). Eleven groups of problems in finding the optimal solution to their
four human subjects participated in the nom- maximization problem. Moreover, while in the
inal treatment with human opponents (NH) RC all subjects instantaneously adjust their
and ten groups in the real treatment with pricesfully to the post-shock equilibrium, in the
human opponents (RH). No subject partici- NC only 80 percent of the subjects do so. The
pated in more than one treatment. Subjectsrest of the subjects choose prices above the
were undergraduate students from differentequilibrium so that in the first post-shock period
disciplines at the University of Zurich, Swit- the average price is by 2.1 units too high.
zerland. They were paid a show-up fee of Throughout the whole post-shock phase the NC
CHF 15 (approx. $12 at that time) and their most of the time is close but never exactly in
total earnings from the experiment were on equilibrium which contrasts again with the RC
average CHF 35 (approx. $28) (including the where after the second post-shock period all
show-up fee). On average, an experimentalsubjects are exactly in equilibrium almost all of
session lasted 90 minutes. the time.
These differences in post-shock adjustment
also give rise to differences in the real income
1210 follow-up experiments with a positive money losses across RC and NC. Nominal inertia in the
shock, described in detail in Section IV, another 96 subjects NC causes small but nonnegligible real income
participated. losses in the post-shock phase. In contrast, in
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TABLE 3—EVOLUTION OF PRICES AND EFFICIENCY LOSSES OVERTIME

Average Price Average Efficiency Loss (Percent)
Computerized Computerized

opponents Human opponents opponents Human opponents

Real Nominal Real Nominal Real Nominal Real Nominal
Period (RC) (NC) (RH) (NH) (RC) (NC) (RH) (NH)

-20 17.6 18.5 14.4 19.0
-19 18.2 19.3 215 14.6
-18 17.8 19.1 14.1 10.2
-17 17.7 19.4 9.5 11.7
-16 17.9 19.2 8.8 6.8
-15 18.3 19.1 10.8 13.2
-14 17.6 18.2 8.0 9.9
-13 17.9 18.6 8.2 4.2
-12 17.9 18.7 6.3 3.1
-11 17.6 18.3 55 7.5

-10 17.9 15.2 17.8 18.4 1.0 16.4 9.4 3.4

-9 18.1 17.0 175 18.2 0.5 12.6 3.6 1.6

-8 17.8 17.2 17.6 19.0 1.6 9.0 3.3 6.0

-7 18.0 18.0 17.7 18.3 0.5 3.0 2.4 1.8

-6 17.6 17.2 17.6 18.2 2.4 10.4 10.9 1.3

-5 18.0 17.7 18.1 18.3 0.3 5.4 7.0 2.7

—4 18.0 18.1 18.1 18.4 0.0 35 7.3 25

-3 17.8 16.1 17.6 18.6 1.3 12.6 3.7 2.8

-2 18.4 18.3 17.9 18.2 2.3 19 2.2 0.7

-1 18.0 17.0 18.0 18.2 0.0 5.3 0.9 0.9

1 6.0 8.1 9.1 13.1 0.0 10.4 51.8 65.1

2 7.0 7.4 7.7 12.9 3.6 8.2 20.0 47.5

3 6.0 6.8 7.4 11.4 0.0 4.4 15.0 34.8

4 6.0 6.4 6.9 10.4 0.6 6.5 9.1 27.4

5 6.0 6.9 7.0 9.9 0.0 8.0 14.8 17.4

6 6.0 6.8 6.6 10.2 0.0 15.6 7.7 15.9

7 6.0 7.5 6.3 9.7 0.0 9.3 4.5 16.4

8 6.0 6.8 6.4 9.1 0.0 15.5 4.6 10.7

9 6.0 6.5 6.3 8.7 0.0 4.3 3.8 9.5

10 5.9 6.5 6.8 8.6 1.6 3.8 11.0 13.8
11 6.1 8.1 4.6 8.2
12 6.2 7.6 3.3 6.4
13 6.2 7.2 2.1 6.2
14 6.2 6.9 2.8 4.6
15 6.1 6.7 2.6 2.6
16 6.1 7.3 2.1 9.6
17 6.0 6.8 0.9 5.2
18 6.1 7.2 1.8 14.2
19 6.1 7.5 14 12.5
20 6.2 7.0 3.0 2.4

the RC there are no or only extremely small realthe equilibrium is efficient it is also a measure
incomes losses in the post-shock phase. To veref the efficiency loss. Columns 5 and 6 of Table
ify this claim we calculate by how much actual 3 present the evolution of the average value of
real income of player, ;, falls short of real & over all players in the RC and in the NC. The
income in equilibriuma*. For this purpose we two columns indicate that after the shock the
have computed;, = (7* — m)/=* for all average efficiency loss is most of the time zero
players in each period ¢;; is a measure of the in the RC and always lower than in the NC.
income loss relative to the equilibrium payoff as  Taken together, the results of the treatments
a percentage of the equilibrium payoff. Since with computerized opponents indicate that there
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Nominal with human opponents

= = = =Nominal with computerized opponents

Real with human opponents
------- Real with computerized opponents

Post-shock phase

Pre-shock phase
(Average price in equilibrium: 6)

(Average price in equilibrium: 18)

average price
-
o

20 -18 -16 -14 -12 -10 -8 -6 -4 -2 1 3 5 7 9 11 13 15 17 19

FIGURE 1. EvoLUTION OF AVERAGE PRICES

is a small amount of money illusion at the shows that in the first post-shock period average
individual level but beyond that there is no prices in the RH are 3.1 units above the average
individual irrationality. The small amount of equilibrium price of P} = 6. This deviation
individual-level money illusion is suggested by quickly decreases to 1.4 units in period 3 and
the small price differences between the NC andafter period 4 the deviation is never larger than
the RC after the shock. The absence of otherone unit. This pattern of average behavior is not
forms of individual irrationality is suggested by an artifact of aggregation but is also revealed at
the perfect adjustment to the shock and thethe level of individual choices. In the final pre-
generally high incidence of equilibrium play in shock period 93 percent of the subjects in the

the RC. RH play exactlytheir equilibrium strategies. In
the first post-shock period only 35 percent of the
B. Nominal Price Adjustment as a subjects play the new equilibrium and 23 per-
Coordination Problem cent of the subjects are only one or two price

units above the equilibrium. The other 42 per-
The fact that in the RC the adjustment to the cent are more than two units above the equilib-
post-shock equilibrium is perfect makes the in-rium. Yet, after only three periods the
terpretation of the deviation of prices from the distribution of individual price choices has
post-shock equilibrium in the RH particularly moved much closer to the equilibrium. In period
easy. It means that the whole deviation is due to4, 45 percent of all subjects play exactly the
the fact that subjects in the RH face a relatively equilibrium, 48 percent are one or two units
complex coordination problem. The major facts above and only 7 percent are more than two units
about price adjustment in the RH are displayedabove the equilibrium. This post-shock evolu-
in Table 3 and Figure 1. Column 3 of Table 3 tion of prices indicates that the coordination
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problem initially causes considerable nominal TAsLE 4—DEVIATION FROM POST-SHOCK EQUILIBRIUM IN

inertia but that after a few periods this effect is TREATMENTS WITH HUMAN OPPONENTS

rather Sma” because prices are again close tg Real Treatment with Nominal Treatment

the equilibrium. _ Post-Shock Human Opponents with Human Opponents
Our description of the pattern of nominal period (RH) Coefficiente, ~ (NH) Coefficient,

inertia in the RH is also supported by formal

- 1 3.10%** 7.14%%

statistical tests. To check how long average 1.68%* 6,86+

group prices in the RH and the NH deviate 3 1.43 5.43%**

significantly from the equilibrium we ran the 4 0.90 441

i i ) . 5 1.00 3.86%*

following regression for the post-shock phase: . 055 4 15w

7 0.25 3.77xxx

19 20 8 0.35 3.05%*

3) P.— p* = a.d. + 1-d 9 0.25 2.70%**

( ) it 1 2 tYt 2 Bt( t) 10 0.83 o Bok

=t =t 11 0.13 2,054

= : . 12 0.23 1.61%
whereP;; denotes the average price of group 13 0.18 118
in periodt. d, = 1 if the price observation in 14 0.18 0.89
periodt comes from the RH. The coefficienis 15 0.10 0.70
measure the deviation from equilibrium in the 16 0.13 1.25
: i : 17 0.03 0.80
RH while the coefficientg8, measure the devi 18 013 120
ation in the NH'® The results of regression (3) 19 0.05 145
are summarized in Table 4. The table shows 20 — 0.95

that, at the 5-percent level, average prices in theNoteS. B PLo S ad + 3, AL - )
RH deV|at<_a significantly fror_n the equilibrium d; = 1 if pritl:e obstér\llatitor; in pé?iéd i; from It?H
for two periods. Yet, from period 3 onwards, the  «penotes significance at the 1-percent level.
hypothesis that average prices are in equilib-  *Denotes significance at the 5-percent level.
rium can no longer be rejectéd.
To what extent is nominal inertia in the RH
associated with real income losses? Column 7perceive coordination as a difficult problem this
of Table 3 indicates that in the first post-shock should be reflected in subjects’ confidence in
period the real income loss resulting from dis- P ;. In the first few pre-shock periods, sub
equilibrium is quite considerable (52 percent). jects’ average confidence is at a level of 4 which
Yet, due to the relatively quick adjustment of means that they are, on average “quite confi-
nominal prices after this period, the real income dent.” The high frequency of equilibrium play
loss declines substantially and after the fifth before the shock then causes a general increase
post-shock period it is—except for period 10— in the confidence level. In the last five pre-shock
always below 10 percent. In the final periods the periods, subjects exhibit, on average, a confi-
real income loss is always rather small which dence level between 5 and 5.5. This means that
reflects the high incidence of equilibrium play. most subjects are “very confident=(level 5)
The key difference between the RC and theor even “absolutely confident’< level 6) that
RH is the presence of a relatively complex they have correct expectations. The anticipated
coordination problem in the RH. If subjects negative money shock causes, however, a con-
siderable decrease in subjects’ confidence. In
s , the first post-shock period, subjects are on av-
To prevent linear dependence among the set of regreserage “not quite confident’ (level 3) or “quite
sors, we included no dummy variable for period 20 of . ” . . .
the RH. confident” (level 4) that their expectations will
4\e also examined the null hypothesis that prices in be correct. It takes about eight periods until
the RH differ from prices in the RC by means of nonpara- pre-shock confidence levels are again estab-
metric tests with individual data. The null hypothesis of |ished. This indicates that the money shock in-

equal price distributions and of equal average prices can be, . P -
rejected for the first four post-shock periods at the 10- deed causes a considerable coordination

percent level (Kolmogorov-Smirnov Test and Mann- Problem for the subjects. _
Whitney Test). Taken together, the evidence suggests that
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the introduction of a coordination problem in post-shock period the average price in the NH is
the real treatment causes initially a nonnegli- 7.1 units above the equilibrium while in the RH

gible amount of nominal inertia that is associ- the deviation is only 3.1 units (see Table 3). It
ated with considerable real effects. Yet, nominal takes eight periods in the NH until the deviation
inertia vanishes relatively quickly so that al- of average prices from equilibrium decreases to
ready after a few periods prices are quite close3.1 units. These large differences in price ad-

to the equilibrium. justment speed are also confirmed by formal
statistical tests. Table 4 reveals that in the NH
C. Coordination in the Presence the hypothesis of equilibrium play can be re-

of Money lllusion jected at the 5-percent level for tHest 12

post-shock periods while in the RH it can only

Nominal inertia in the RH has nothing to do be rejected for two periods. Similar results
with money illusion but is caused by the prob- emerge when we examine the null hypothesis of
lem to coordinate expectations and actions onequal average prices in the NH and the RH by
the new equilibrium. From the comparison be- means of a nonparametric Mann-Whitney Test
tween the RC and the NC we already know thatwith individual data. For the first nine post-
individual-level money illusion has a small pos- shock periods the null hypothesis can be re-
itive effect on nominal inertia. In the NH a jected already at the 2-percent level. For the
small amount of individual-level money illusion next three post-shock periods it can be rejected
may, however, cause important indirect effects.at the 10-percent level.
These indirect effects can arise because the To what extent is nominal inertia in the NH
presence of individual-level money illusion is associated with real income losses? Column 8 of
likely to affect subjects’ expectations, which in Table 3 indicates that shortly before the shock,
turn affect their behavior. If money illusion subjects in the NH achieve almost full efficiency.
indeed causes such indirect effects we shouldrhe monetary shock leads, however, to a substan-
observe that the introduction of the nominal tial real income loss. In the first period after the
frame has a larger effect in the setting with shock the average income loss is 65 percent and
human players than in the setting with comput- during the first ten post-shock periods the loss is
erized players. We should, in addition, also ob- never below 9.5 percent. Note also that throughout
serve that in the setting with human players thethe whole post-shock period the income loss is in
nominal frame gives rise to an increase in thegeneral much higher in the NH than in the RH
stickiness of subjects’ price expectations. which is a consequence of the much stickier prices

Figure 1 and Table 3 (columns 3 and 4) inthe NH. For example, in the first ten post-shock
provide the relevant information regarding the periods of the NH, the aggregate real income loss
impact of the nominal frame. They show that is roughly twice as large as the loss in the RH. In
nominal prices are indeed much stickier in the total, groups in the NH lose 26 percent of the
NH compared to the RH. In the final pre-shock potential payoff in the first ten post-shock periods.
period the overwhelming majority of the sub- In the RH, the respective losses are slightly less
jects playexactlythe equilibrium both inthe RH  than 14 percent. Thus, the evidence clearly indi-
(93 percent) and the NH (80 percent). There-cates two results: (i) In the setting with human
fore, average prices are very close to theplayers the introduction of a nominal frame has
pre-shock equilibriumPy = 18. In the first large and long-lasting effects on price stickiness.
post-shock period, however, only 11.5 percent(ii) This increase in price stickiness is associated
of all subjects in the NH play exactly the equi- with a considerable increase in the real income
librium and 73 percent of the subjects déineee  loss caused by the anticipated money shock.
or more price units above the equilibrium. In From Figure 1 and Table 3 we also can infer
contrast, in the RH, 35 percent play exactly the that the nominal frame causes much stickier prices
equilibrium and, in addition, 23 percent are only when money illusion can have indirect effects.
two or lessprice units above the new equilib- Throughout the first ten post-shock periods the
rium. These treatment differences in individual adjustment difference in average prices between
adjustment behavior also give rise to large dif- the NH and the RHAPNY — APRF = pNH —
ferences in the average price level. In the firstP®", is between two and 13 times larger than the
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adjustment difference between the NC and theput differently, to what extent did subjects play
RC, APN© — APRC = pPN© — PRC |t js, for  a best reply to their expectations. The vast ma-
example, easy to infer from Table 3 that, in the jority of subjects in both treatments indeed
second post-shock period, the adjustment differ-played best replies t8€ ;. During the first ten
ence between the NH and the RH is 12.9.7 = post-shock periods 84 percent of the subjects in
5.2 price units, while the difference between thethe RH chooseexactlythe payoff-maximizing
NC and the RC is only 7.4- 7.0 = 0.4 units.  price in response td®; and the rest of the
Hence, in this period the impact of the nominal subjects chooses prices that were close to the
frame is 13 times larger in the setting with human best reply. In the NH there are slightly fewer
players compared to the setting with computerizedsubjects (80 percent) who chose exact best re-
players. In the tenth post-shock period the adjustplies during the first ten post-shock periods.
ment difference is still 1.8 units in the setting with Yet, as in the RH, the deviations from the exact
human players and only 0.6 units in the settingbest reply were in general very small. The fact
with computerized players. To substantiate thethat most subjects responded RY; with a
indirect effects of money illusion we also con- payoff-maximizing price choice suggests that
ducted period-wisé-tests for the null hypothesis the greater stickiness of the expectations in the
that the adjustment difference between the NHNH also caused a greater stickiness of actual
and the RH is bigger than between the NC and theprices in the NH.
RC. In five of the first ten post-shock periods the
difference between the NH and the RH is signif- IV. Nominal Inertia after
icantly larger at the 5-percent level. In view of the a Positive Money Shock
considerable variance across the four conditions
this is quite remarkabl€. Thus, the implementa- A. The Relevance of a Positive Money Shock
tion of the nominal frame has a much larger im-
pact in the setting where money illusion can also Our results so far indicate that the direct
have indirect effects. effects of individual-level money illusion are
If money illusion has indirect effects we relatively small. The introduction of the nomi-
should also observe that expectations are sticknal frame in the setting with computerized play-
ier in the NH compared to the RH. Figure ers leads only to a small increase in nominal
2 shows the evolution of the average price ex-inertia. Nominal inertia is much more pro-
pectations over time in both treatments. Thenounced, however, when money illusion can
figure shows that in the last few pre-shock pe-also affect players’ expectations and can, thus,
riods, expectations are in equilibrium in both also have indirect effects. In the NH, subjects’
treatments. In the post-shock phase there aregxpectations are much stickier and, as a conse-
however, striking differences. While expecta- quence, prices are much stickier. This raises the
tions are very sticky in the NH they are far less question of why expectations are so sticky in
sticky in the RH. To provide statistical evidence the NH compared to the RH. We believe that
for this, we ran the same regression as in Tablehe answer to this question can be found in the
4 with expectations data. It turns out that, in the existence of subjects who take nominal payoffs
NH, expectations differ significantly from the as a proxy for real payoffs. Subjects who apply
equilibrium (atp < 0.05) for 13periods while  this rule of thumb mistakenly believe that if all
in the RH they differ only for three periods. players choose relatively high prices, all will
Thus, there can be little doubt that the nominal reap high real payoffs because they all reap high
frame causes a large increase in the stickiness afiominal payoffs. They mistakenly believe that
price expectations. The next question then is, tothere are real gains from jointly setting high
what extent this difference in expectations prices. Such subjects will, therefore, be reluc-
causes differences in subjects’ price choices. Otant to cut their nominal prices after the negative
money shock in the NH. Moreover, if the pres-
5 There are two subjects in the NC condition who could gnce -Of- subjects who are reluaam to cut prlces
well be classified as outliers. If we run the tests without '> anticipated by other subjects, others will be

these two subjects the indirect effects are highly significantindu_ceq to cut their price insufficiently also.
in the first nine post-shock periods. It is important to note that the above rule of
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FIGURE 2. BEvOLUTION OF AVERAGE EXPECTATIONS

thumb cannot become effective in the RH. In only means that money illusion has a different
the RH the numbers in the payoff tables repre-impact after a positive shock compared to a
sent real payoffs which makes it completely negative shock. After a negative shock the rule
transparent that at high nominal prices real pay-of thumb mentioned above causes a reluctance
offs arenot generally higher. This means that to adjust prices (downwards) while after a pos-
the presence of subjects who take nominal pay-tive shock it does not cause a reluctance to
offs as a proxy for real payoffs causes no reluc-adjust prices (upwards). Note further that while
tance to cut nominal prices after the negativethe rule of thumb implies a quicker adjustment
shock in the RH. These differences between theio equilibrium after a positive shock in the NH,
NH and the RH in the reluctance to cut nominal the adjustment speed in the RH should not differ
prices also provide a rationale for the much across positive and negative shocks. The reason
stickier price expectations in the NH. is that the rule of thumb cannot become opera-
Yet, if the above explanation for the stickier tive in the RH.

expectations in the NH is correct, we should To test these implications of our explanation
also observe that after@ositivemoney shock, for the much stickier expectations in the NH we
prices and expectations adjust more quickly toconducted additional experiments with a posi-
the equilibrium than after a negative shock. Thistive money shock. Forty-eight subjects (12
is so because after a positive shock, adjustmengiroups) participated in the RH and another 48
towards equilibrium means adjustment towardssubjects (12 groups) participated in the NH with
higher prices and, hence, higher nominal pay-the positive money shock. The easiest way to
offs. A quicker adjustment after a positive implement a positive shock would be a reversal
shock, however, does not mean that money il-in the sequence of the money supply in our
lusion is absent when a positive shock occurs. Itprevious design. Unfortunately, this approach is
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not reasonable because the number of domi- TABLE 5—EvoLUTION OF PRICES AND EFFICIENCY LOSSES
nated strategies is much larger in the pre-shock OVER TIME: POSITIVE SHOCK

phase than in the post-shock phase. Therefore;,
the indirect effects of money illusion can play a

Average Efficiency

: Average Price Loss (Percent)
much smaller role in the pre-shock phase. The - -
fact that prices in the NH adjust much more _. Real  Nominal  Real  Nominal

. g i eriod  (RH) (NH) (RH) (NH)
quickly to the equilibrium in the pre-shock
phase than in the post-shock phase (see Figure 1° 13.0 14.9 14.7 26.3
1) is consistent with this argument. Therefore, if _ 4 igg ijg 13'? gg';
we just reversed the sequence of the money _1» 127 143 5.3 13.6
supply, we would probably observe that adjust- —11 12.7 14.3 6.1 20.5
ment is indeed quicker after the positive shock. —10 12.5 14.1 16 9.1
Yet, this increase in the adjustment speed would :g gg ig'i gé i(l)'g
not count as evidence for our explanation of the 7 124 13.7 12 148
stickier expectations in the NH. -6 125 13.8 0.6 13.2

What is, therefore, needed, is an experi- -5 12.5 13.8 1.6 8.4
mental design in which the number of domi- 4 125 13.9 0.3 104
nated strategies is roughly the same after the :g gg ig? 2'? g'g
negative and after the positive shock. Our _j 125 131 19 10

parameterization of the design with the posi-
tive shock serves this purpose. Except for o s oo > e
three aspects, all experimental details in the 549 548 07 14

1 225 205 223 24.0
2
3
positive-shock design are identical to the g 25.0 250 0.2 0.9
6
7
8
9

24.3 22.8 3.9 7.2

negative-shock design. In particular, all five 25.0 25.1 0.1 0.3
features of the payoff functions, as described 25.0 25.2 0.1 0.4
in Section 1l, subsection B, are also present in 25.0 25.1 0.1 0.1
the positive-shock design. The differences are 250 250 01 01

! . ; _ 10 25.0 25.2 0.1 0.3
the fo_llowmg: 0] We did not _|r_nplement com- 1 25.0 25.2 0.2 01
puterized players in the positive-shock design 12 25.0 25.0 0.1 0.1
because the main purpose of this design was ﬁ gi-g gi-g g-é g'sl)
to observe whether the expectations of human 1s 546 549 20 12

players and, hence, also prices adjust more
quickly to the equilibrium after a positive
shock compared to the negative shock. (ii) In
the positive-shock design the pre- and theshock design while itis 12 in the negative-shock
post-shock phase consisted of 15 instead ofdesign. This slightly bigger adjustment require-
20 periods. This shortening of the phases wasment in the positive-shock design is, however,
implemented because in the negative-shocknot a problem. If adjustment to equilibrium in
design reliable equilibration was already the NH is faster after the positive shock, this is
achieved after 10-15 periods. (iii) To achieve even more remarkable because it occurs despite
roughly the same number of dominated strat-the slightly bigger adjustment requirement in
egies in the post-shock phase, equilibriumthe positive-shock design.

prices forx- andy-types in the positive-shock

design were as follows: The pre-shock equi-

librium price forx-types §-types) isP% = 11 B. Prices and Expectations after the Positive
(P}, = 14) and the post-shock equilibrium Nominal Shock

price is P, = 22 (P}, = 28). As aconse

qguence, the average pre-shock equilibrium Table 5 shows the evolution of pre- and
price in a group isPG = 12.5 while in the  post-shock average prices in the RH and the
post-shock equilibrium it i®*% = 25. Thus, NH. In the NH pre-shock prices converge
the difference in average prices between pre{from above to the equilibriurP% = 12.5 and
and post-shock equilibrium is 12.5 in the positive- as in the negative-shock design the vast ma-
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Difference of price deviations NH

5 ~ - = = =Difference of expectations deviations NH
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Difference of price deviations RH
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Post-shock period

FIGURE 3. DIFFERENCES INDEVIATIONS FROM EQUILIBRIUM ACROSS THENEGATIVE AND THE POSITIVE SHOCK

jority of individuals plays exactly the equilib- than after the positive shock. It shows that the
rium in the final pre-shock period. Then, in deviation from equilibrium is substantially
the first post-shock period prices make a biglarger after the negative shock. Between pe-
jump upwards to 20.5 and already in period 4riod 2 and 7, e.g., the adjustment gap is four
after the shock, average prices are almostor more units bigger after the negative shock.
exactly at the new equilibrium of* = 25, Even in period 10 the adjustment gap is still
From that period onwards prices remain very almost three units bigger.
close to the equilibrium. This contrasts The impression conveyed by Figure 3 is con-
sharply with the adjustment process after thefirmed by a more formal statistical analysis. If
negative shock whereghroughout the whole we perform regression (3) with the data after the
post-shock periodaverage pricesevercame  positive shock, it turns out that in the NH the
so close to the equilibrium. This difference in
NH adjustment paths after the negative and =~ _| o o
the positive shock is depicted in Figure 3. The L€t P1. be the post-shock equilibrium price in the

. . . : . positive-shock design and I&t, be the actual post-shock
heavy line in Figure _3 S_hOWS the dlfference_ n average price. Analogously, IBt_ be the actual post-shock
the post-shock deviations of average pricesaverage price in the negative-shock design and denote the
from the equilibrium between the positive and post-shock equilibrium price in this design BY,_. Then
the negative shock® The graph reveals to the heavy line in Figure 3 is given byp( — P’ ) —

. . P*. — P.), which measures the difference in the average
what extent in the NH the adJUStment gap, deviations from equilibrium across the positive and the

i.e., the deviation of average prices from the negative shock for the first 15 periods of the post-shock
equilibrium, is larger after the negative shock phase in the NH.
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hypothesis of equilibrium play can only be re- average price is again very close to the equi-
jected for the firsthreeperiods (at the 5-percent librium. This indicates that price adjustment
level). Remember that after tiiegativeshock,  after the positive shock is rather quick in the
group prices were significantly above the equi- RH—similar to the pattern after the negative
librium for 12 periods. Thus, the evidence un- shock. This similarity is also displayed in
ambiguously indicates that adjustment in theFigure 3 and by formal statistical analysis.
NH is much quicker after the positive shock, The thin line in Figure 3 is constructed anal-
which is consistent with our hypothesis that ogously to the heavy line except that we use
there is less reluctance against adjustment aftethe price data from the RH. It shows that price
the positive shock. adjustment in the RH is only slightly faster
If there is indeed less reluctance against ad-after the positive shock. If we perform regres-
justment after the positive shock, at least somesion (3) with the post-shock data from the
subjects should anticipate this. Therefore wepositive-shock design we get the following
should also observe that expectations are lessesults: The hypothesis that average prices in
sticky after the positive shock. The dashedthe RH are in equilibrium can only be rejected
heavy line in Figure 3 shows the difference in for the first two periods (at the 5-percent
the post-shock deviations of the average expecievel). Note that this is exactly the same num-
tations ofP_; from the equilibrium between the ber of out-of-equilibrium periods as after the
positive and the negative shock. This graph isnegative shock. This suggests that the differ-
constructed analogously to the heavy line inences in the price adjustment across shocks in
Figure 3 except that we used the expectationghe RH are indeed negligible. The dashed thin
P¢; to construct it. Thus the dashed heavy lineline in Figure 3, which is constructed analo-
shows to what extent the adjustment gap in thegously to the dashed heavy line except that
expectations, i.e., the deviation of average ex-we use the expectations data from the RH,
pectations from equilibrium, is larger after the indicates that we can basically make a similar
negative shock than after the positive one. Theconclusion with regard to the differences in
graph indicates that the adjustment gap in thethe adjustment of expectations across shocks.
expectations is much larger after the negativeWhile in the NH there are large differences in
shock for many time periods. Interestingly, the the stickiness of expectations across shocks,
graph is hump-shaped, i.e., the relative sticki-in the RH the differences in expectations are
ness of expectations after the negative shockather small.
increases in the first few periods. This is due to Thus all major regularities are consistent
the fact that between period 2 and 5 after thewith our hypothesis that there are beliefs that
positive shock, expectations rapidly converge tosome subjects take nominal payoffs as a
equilibrium while they are very sticky after the proxy for real payoffs. Nonetheless, it would
negative shock. be reassuring if subjects themselves ex-
Finally, since the rule of thumb of taking pressed such a belief. To check to what extent
nominal payoffs as a proxy for real payoffs subjects indeed believed this they could indi-
cannot be operative in the RH, we should cate their degree of agreement with the fol-
observe no differences in price adjustment inlowing statement after the experiment: “I
the RH across negative and positive shocksbelieved that the other subjects would inter-
Table 5 shows the evolution of average pricespret high nominal payoffs as an indicator for
in the RH after the positive shock and Figure high real payoffs.” Participants could indicate
3 illustrates the differences in average priceswhether they weakly (dis)agreed, whether
and average expectations across shocks. Tahey strongly (dis)agreed or whether they to-
ble 5 indicates that in the pre-shock phase oftally (dis)agreed with this statement. Thirty
the RH the average price is very close to thepercent of the subjects in the NH agreed ei-
equilibrium PG = 12.5 already after three ther “strongly” or “totally” and further 25
periods. Immediately after the positive shock percent indicated a weak agreement. In our
there is a big upward jump in prices to 22.5, view, this can be taken as direct evidence that
only 2.5 units below the new equilibrium. a majority of the subjects believed that other
Already in the third post-shock period the subjects were affected by money illusion. In
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any case, these answers nicely fit with ourthere is field evidence indicating that positive
explanation for the large amount of nominal iner- and negative money shocks have asymmetric
tia observed in the NH after the negative shock.effects. While negative shocks have an output-
reducing effect, positive shocks do not seem to
V. Summary and Concluding Remarks affect output (James Peery Cover, 1992; J.
Bradford DeLong and Lawrence H. Summers,
Most economic transactions are representedl988). The asymmetric effects of money illu-
in nominal terms. Therefore, it seems likely that sion on price sluggishness can be considered as
people often perceive and think about economica potential microfoundation for this result.
problems in nominal terms which may induce Finally, another interesting result of our ex-
money illusion. However, for several decadesperiments is that we isolate—in addition to
money illusion has been considered as largelymoney illusion—a further source of nominal
irrelevant for the nominal inertia of aggregate inertia. This source is related to the fact that in
price levels. Instead, most economists have fo-a strategic situation subjects do not merely face
cused on informational frictions, costs of price an individual optimization problem but that
adjustment, and staggered contracts. This papehey also have to predict other agents’ behavior.
shows, however, that even in the absence ofAfter any shock, the new equilibrium can only
these factors a fully anticipated negative nomi- be achieved if subjects have coordinated (equi-
nal shock can cause long-lasting nominal inertialibrium) expectations. The comparison of ad-
that is associated with large real income lossegustment paths in the real treatments with
during the adjustment phase. Our results indi-computerized and with human opponents shows
cate that a large part of this nominal inertia canthat after a fully anticipated nominal shock, it
be attributed to the direct and indirect effects of cannot be taken for granted that subjects instan-
money illusion. The experiments in the setting taneously succeed in solving this coordination
with computerized opponents show that the di- problem. They will, in general, go through a
rect effects of money illusion in the form of period of disequilibrium that is associated with
individual optimization mistakes are not very nominal inertia. Note, however, that the coordi-
frequent: The introduction of the nominal frame nation problem alone causes substantially less
in the setting with computerized opponents nominal inertia than money illusion. It also does
causes only a small amount of nominal inertia. not cause asymmetric effects: In the real treat-
However, the combined direct and indirect ef- ment with human opponents the extent of nom-
fects of money illusion generate a very large inal inertia is very similar after the positive and
increase in nominal inertia. This is indicated by the negative nominal shock.
the fact that the introduction of the nominal  These results show that experiments can be a
frame in the setting with human opponents useful tool for the examination of the nature, the
causes a huge increase in the sluggishness daxtent, and the impact of money illusion in
prices. Instead of two it takes 12 periods until strategic economic interactions. There are many
average prices reach the post-shock equilibriumother questions that could be usefully tackled by
in this setting. experimental methods. One open question is
The major cause for nominal inertia after the how subjects who are familiar with money
negative shock is that subjects’ expectations areshocks in our pricing game will respond to new
very sticky. In our view this stickiness of price shocks. Future research should thus examine
expectations is related to the nature of moneyhow the adjustment pattern varies when expe-
illusion in our experiment, i.e., to the belief that rienced subjects face a series of different
there are subjects who take nominal payoffs asshocks. Other interesting questions concern the
a proxy for real payoffs. This conjecture is nature of nominal wage rigidity and the inter-
supported by direct questionnaire evidence andaction of price and wage policies during adjust-
by the results of further experiments with a fully ment. To answer these questions it is necessary
anticipatedpositivenominal shock. It turns out to introduce workers as separate players in the
that price sluggishness is much smaller after agame. The analysis of the interaction between
positive nominal shock than after the negativewage and price setting may prove particularly
shock. This result is also interesting insofar asuseful because there are likely to be strong
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natural complementarities. For example, if illusion behaviorally relevant, it is not neces-

firms anticipate that workers will resist wage sary to fool all the people some of the time,

cuts after a negative money shock they will not to speak of fooling all the people all the

probably be reluctant to cut prices becausetime. All that is needed is an environment

this would reduce their profits. Yet, if prices with strategic complementarity and the pres-

stay high, workers may feel justified in resist- ence of a small amount of money illusion at

ing wage cuts. Thus, the reluctance to cutthe individual level—a presupposition that

wages and prices could be mutually reinforc- seems quite plausible.

ing for an extended period of time. Finally,

another interesting question concerns how the

impact of money illusion varies with the de- APPENDIX PAYOFF FUNCTIONS

gree of strategic complementarity. Is a lower

degree of complementarity associated with As explained in detail in Section Il, subsec-

less aggregate nominal inertia or not? Or,tions B and C, payoffs were presented to subjects

more fundamentally, does the impact of in payoff tables. These tables were calculated

money illusion vanish in an environment with from the payoff functions explained below. A full

strategic substitutability? set of payoff tables is contained in Fehr and
In our view the results of our experiments Tyran (2000) which can be downloaded from

indicate that money illusion should be con- http:/mww.iew.unizh.ch/wp/iewwp045.pdf. The

sidered as a serious candidate in the explanapayoff tables are also available from the authors

tion of nominal inertia and the real effects of upon request.

nominal shocks. Paraphrasing Abraham Lin- The real payoff for agent of typek = x, y

coln” one can say that, to render money is given by:

1+ a-A?
11+ b-A2

Tik =

1 P P ga ]
tellm v — + e-arctarff- A)

P_,« is theactual average price of the other the parametera, b, c, d, e, f, andV were the
n — 1 players from the viewpoint of playér same. They were given by= 0.5,b = 0.6,
who is of typek. P} is theequilibriumaverage c¢ = 27,d = 1,e = 0.05,f = 20 andV = 40.
price of the othern — 1 players from the
viewpoint of a player of typ&. P;, is theactual REFERENCES
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