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ABSTRACT

In this article, we survey experiments that are directly related to
monetary policy and central banking. We argue that experiments can
also be used as a tool for central bankers for bench testing policy
measures or rules. We distinguish experiments that analyze the reasons
for non-neutrality of monetary policy, experiments in which subjects play
the role of central bankers, experiments that analyze the role of central
bank communication and its implications, experiments on the optimal
implementation of monetary policy, and experiments relevant for mone-
tary policy responses to financial crises. Finally, we mention open issues
and raise new avenues for future research.
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INTRODUCTION

Experimental macroeconomics is a growing field and the increasing number
of publications in this area is likely for two reasons: first, modern macro-
economics is microfounded with many models resting on strategic games or
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(at least) on individual optimization. Since games and optimization tasks
can be framed as laboratory experiments, these foundations of macro
models can be tested in the lab. Thereby, macroeconomics is catching up in
exploiting a method that has already been used with large success in other
fields, like industrial organization, auction design, or the design of incentive
schemes. The second reason may be a widespread dissatisfaction with
models that rest on assuming rational expectations or, more widely,
rational behavior. While the rationality assumption is a necessary tool for
predicting the effects of systematic policy or institutional changes, the
actual biases in behavior and expectations are too systematic and affect
economies too much for subsuming them under unexplained noise.

How to rationalize macroexperiments? The explicit microfoundation
used in modern monetary macro models such as the “dynamic stochastic
general equilibrium (DSGE)” approach allows the programming of small
sample economies, in which subjects take the roles of various economic
agents, but also calls for testing the microeconomic modules that DSGE
models are composed of. While the assumptions and predictions of macro-
economic models have historically been tested using non-experimental field
data, an alternative empirical approach that is attracting increased attention
uses controlled laboratory settings with paid human subjects. The main
advantage of this approach is the ability of the experimenter to control sub-
jects’ incentives, their information, and the channels of communication, so
that by changing exogenous factors, causality can be established without
the need for sophisticated econometric techniques or for constructing
disputable instrument variables. Moreover, while pure equilibrium theory
does not capture strategic uncertainty and cannot predict the consequences
of policy measures if the model has multiple equilibria, experiments can be
used to develop and test theories of equilibrium selection.

One may ask how macroeconomic phenomena resting on the interaction
of millions of agents can be explored using laboratory experiments with
just a few subjects (Duffy, 1998). The same question has been raised with
respect to macroeconomic theories that assume homogeneous, often repre-
sentative, agents. Nevertheless, some of these theories provide valuable
insights into the basic mechanisms by which monetary or fiscal policies
affect aggregate variables like growth rates, employment, or inflation.
Experiments can do even better, because even a small number of, say 10,
subjects in a laboratory economy introduce a level of heterogeneity
that theories can hardly deal with except by mathematical simulation. The
additional insights to be gained by increasing the number of subjects in a
well-structured model economy from 10 to 10 Million may be of minor
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relevance. Furthermore, microfounded macro models assume that agents
interact in response to incentives within a framework, where they can
understand the consequences of their behavior and of their interaction. By
reading instructions (and eventually by playing some training periods), sub-
jects can achieve a level of comprehension of the functional relationships
between variables of the game that we can never hope for in real econo-
mies. By specifying the payoff functions, the experimenter has the highest
control over incentives, while the confounding impact of context and
unstructured communication can be kept at a minimum. Thus, laboratory
economies are the best environment for testing the behavioral predictions
of theories with micro- or game-theoretic foundation. Such tests are hardly
conceivable in the field. As Duffy (1998, p. 9) points out: “Even in those
cases where the aggregate predictions of microfoundation models can be
tested using field data, it is not always possible to use field data to verify
whether behavior at the individual level adheres to the predictions or assump-
tions of these models.” Of course, the results from laboratory experiments
cannot be readily generalized to real economic situations, in which context,
ethics, experience, and formal training of the major actors may yield differ-
ent responses to changes in exogenous variables than observed in an
abstract laboratory economy. The same, however, is true for theory.
Laboratory experiments may be able to falsify theories. If they do not
work in the lab, why should they work outside? But ultimately, economics
is a social science, and field evidence is indispensable.

In this article, we argue that experiments can serve as an important tool
for central bankers. The focus on monetary policy and central banking is
linked to the idea that experimental macroeconomics enables policymakers
to “bench-test” competing policy actions, rules, or institutional designs by
laboratory experiments. Experiments allow to elucidate the different
effects — anticipated and unanticipated — of alternative policy regimes and
offer a quick and cost effective way to identify possible consequences of a
monetary policy initiative.! Experiments may help to advise policymakers
by exploring the effects of alternative policies in the lab (Ricciuti, 2008).
There is a need for more interaction between experimental macroecono-
mists and central bankers, both to help experimentalists adjust their
research and account for the questions and concerns of practitioners and to
help central bankers to interpret the results of experiments and judge their
external validity. As shown by the example of Alan Blinder, one can be
both a central banker and an experimentalist.

The topic of central banking experiments lies at the scientific frontier of
experimental economics and central banking alike. The results from this
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approach can be informative with respect to questions of equilibrium selec-
tion or the efficacy of various government policies. Laboratory experiments
addressing central banking issues are useful in several respects:

— Finding out, which out of many equilibria is selected in well-defined
environments and testing theories of equilibrium selection provides
guidelines for the likely outcomes in macroeconomic environments that
are described by models with multiple equilibria.

— Testing concepts of equilibrium determinacy and stability with respect
to their predictive power may help settling controversial discussions
about the “right” stability criteria.

— Trying out policy rules, decision rules, and communication protocols in
their effectiveness to stabilize markets is an almost costless exercise in
the lab, while any such experiments at the macro level would endanger
the welfare of societies or are simply impossible to conduct in a pure
form.

— Understanding how people’s strategic behavior interacts with the institu-
tional environment prior to policy implementation can greatly reduce
the cost of achieving policy goals. By taking into account the various
factors and motivations that may influence human behavior, experimen-
tal economics allows testing alternative policy options. For example,
laboratory experiments may help selecting instruments and institutional
arrangements that are best-suited for implementing policy goals.?

— Solving the endogeneity problems. In the real economy, policy para-
meters respond to economic activity. As expressed by Ricciuti (2008,
p- 218), “the endogeneity of policy in real-world economies (...) makes it
difficult to analyze data and formulate correct inferences on changes that
have occurred.” Laboratory experiments allow controlled tests of the
effects of changing individual parameters exogenously.

This article surveys laboratory experiments addressing central banking
issues following the scheme represented in Fig. 1.> While Duffy (1998,
2008a, 2008b) and Ricciuti (2008) focus their surveys on a much larger
category of papers dealing with experiments in macroeconomics, we con-
centrate on issues relevant for central banking and present some recent
literature. Most experiments that are presented below focus on specific
building blocks or component assumptions of standard macro models.

In the section “Channels for Money Non-neutrality,” we look at some
causes of non-neutrality of monetary policy. Here, we focus on money
illusion and monetary policy experiments applied to environments of sticky
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prices or sticky information. We do not consider experiments on the forma-
tion of expectations, although they would have to be considered here,
because they are already dealt with in another article of this book
(Assenza, Bao, Hommes, & Massaro, 2014). Looking at how subjects
behave in the lab and especially studying the effects of communication
between the central bank and the public may help predicting the likely
effects of policy measures and designing optimal decision processes and
institutions. In the section “Subjects as Experimental Central Bankers,” we
present results of experiments that study how subjects behave in the lab
when they play the role of central bankers. These experiments demonstrate
that the inflation bias arising from time inconsistency matters in repeated
games, even if central bankers are concerned about affecting future expecta-
tions. They also provide an argument in favor of following fixed rules,
although experimental subjects are quite capable of pursuing optimal
responses to shocks in order to stabilize an economy. The section
“Transparency and Communication Issues” is devoted to central bank com-
munication and the merits of transparency. There is a vivid debate about
the pros and cons of transparency, and while central banks have moved
toward higher transparency, theory papers provide mixed recommenda-
tions. Experiments are particularly well-suited for testing the effects of
information and communication channels, because the experimenter can
control information and distinguish communication channels in different
treatments. Thereby, experiments yield very clear results about the effects of
information, while field evidence is always plagued by the simultaneity of
different communication channels and by the problem of identifying which
information actually affected real decisions. The interplay between commu-
nication and stabilization policy is also studied in the lab. The section
“Policy Implementation” deals with the implementation of monetary policy.
We distinguish policy strategies that may be described by different rules and
the operational policy implementation via repo auctions. Auction design is
a classical topic of experimental economics and using experiments for bench
testing auctions has become a standard procedure. The section “Monetary
Policy During Liquidity Crises” focuses on experiments dealing with finan-
cial crisis and central banks’ interventions. Finally, we mention open issues
and raise new avenues for future research. It seems particularly important
to emphasize the behavioral aspects in the transmission process of monetary
policy and in the formation of inflation expectations. Specifically, there is a
need for thinking about the methodology in designing rules for monetary
policy, information disclosure, and financial market regulation that account
for private agents’ behavior under strategic uncertainty. The global financial
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crisis has also recast the debate over the scope and instruments of central
banking. Experiments may represent a good tool for testing them.

CHANNELS FOR MONEY NON-NEUTRALITY

As witnessed by Adam (2007, p. 603), “[r]ational expectations models
with nominal rigidities, workhorses of current macroeconomics, (...) face diffi-
culties in matching the persistence inherent in output and inflation data.” A
possible reason could be that real agents do not behave according to the
strong assumptions underlying rational expectations. Laboratory experi-
ments have explored some aspects of bounded rationality that seem relevant
for explaining the real and persistent effects of monetary policy. The most
promising explanations seem to be money illusion, limited depth of reason-
ing, nonmonetary costs of information processing, the use of heuristics, and
adaptive expectations. Some of these explanations are related and interact
in causing real effects of monetary shocks. Looking at how subjects behave
in the lab and especially studying the learning processes may help better
modeling internal frictions leading to a proper propagation mechanism.
Many experiments indeed aim at comparing rational expectations to
adaptive learning especially in equilibrium selection. There is a recent and
relatively large focus on the formation of expectations in the lab. “ Resorting
to laboratory experiments is justified on the grounds that expectations are
generally not easily observed. This makes it difficult to identify deviations
from rational expectations” (Adam, 2007, p. 603). In the lab, subjects’ expec-
tations can be directly observed. The dynamics of learning models depend
on the functional relationship between stated expectations and realizations
of the variables about which expectations are formed.*

Amongst the monetary policy channels that have been tested in the lab,
money illusion (Section “Money Illusion”) stands out as it seems to be dri-
ven by anchoring on numerical values and is clearly opposed to rationality.
However, sticky prices can also be explained by the expectation that other
agents are affected by money illusion. We show some experiments in which
sticky prices or sticky information (Section “Sticky Prices and Sticky
Information/Monopolistic Competition™) is explicitly introduced and
compared to the behavior in otherwise equal economies without such
frictions. The general finding is that even in a frictionless economy, subjects
behave as if there were some of these frictions. The often observed delayed
response of prices to shocks can in parts be explained by money illusion.
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Subjective beliefs that other agents are not responding to shocks provides
an additional explanation of these delays. In games with strategic comple-
mentarities, as they are typical in monetary macro, these two effects
reinforce each other.

Money Illusion

Fehr and Tyran (2001, 2005, 2008) study the impact of price level changes
on individual price-setting in environments with strategic complements and
strategic substitutes. In their experiment, subjects play firms who are setting
nominal prices in an oligopolistic market. A change of payoff tables repre-
sents a large anticipated price-level shock to which subjects should immedi-
ately respond by jumping toward the new equilibrium. Fehr and Tyran
investigate whether and how fast subjects converge to the new equilibrium
for different strategic environments. Prices respond gradually. When prices
are strategic substitutes, they converge faster than when they are strategic
complements. Since supply and demand functions depend only on relative
and not on absolute prices, the result of sluggish price adjustments may be
interpreted as evidence for the non-neutrality of money supply. Due to the
different speeds of adjustment to equilibrium, monetary shocks have a
stronger impact when prices are strategic complements than when they are
strategic substitutes.

Fehr and Tyran (2001) consider a n-player pricing game with a unique
equilibrium similar to price-setting under monopolistic competition.
Subjects get payoff tables stating how their payoff depends on their own
price and the average price of other firms. After T periods payoff tables are
replaced by new ones, that differ only by a scaling factor, representing a
fully anticipated negative shock on money supply. The game continues for
another T periods with these new payoff tables.

Insufficient price adjustments may be explained by two factors: money
illusion and the expectation that other subjects are adjusting their prices
insufficiently. In order to disentangle these effects, Fehr and Tyran (2001)
compare four treatments: in one, payoff tables are given in nominal terms
and subjects play (as described above) against other human subjects
(Treatment NH). Payoffs are later transformed in real currency with differ-
ent scaling factors before and after the shock. Treatment NC has payoffs in
nominal terms, but the other firms are played by a computer. Here, the only
human subject is informed that the computer will always choose a price that
is a best response to her or his own stated price. Treatment NC eliminates
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strategic uncertainty as a potential explanation for sluggish price adjust-
ments. In two further treatments, RH and RC, payoff tables are given in
real terms (subjects again play against humans or a computer, respectively),
so that money illusion can be ruled out as a source for sluggish price
adjustments.’

Results show that monetary shocks have real effects, as subjects in
Treatment NH need several periods to come anywhere close to the new
equilibrium. However, the main cause is neither individual money illusion,
nor coordination failure, but the combination of both. Fig. 2 presents the
average price before and after the shock in the four treatments. In
Treatment RC, there was an instantaneous adjustment to the new equili-
brium. In Treatments NC and RH, adjustments toward the new equilibrium
took a few periods, but subjects came rather close. In Treatment NH, how-
ever, where the coordination problem was combined with nominal payoff
tables, there is a substantial delay in price adjustments. An explanation is to
be found in subjects’ expectations. In Treatments NH and RH, Fehr and
Tyran (2001) asked subjects about their expectations of the average price set
by others. The difference in stated expectations between treatments was

Nominal with human opponents
------ Nominal with computerized opponents

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

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

Pre-shock phase
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Fig. 2. Evolution of Average Prices. Source: Fehr and Tyran (2001, p. 1251).
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comparable to the difference between the prices that subjects actually chose
in these treatments. Fehr and Tyran (2001) attribute these different price
expectations to a “rule of thumb,” by which subjects mistake nominal for
real payoffs and strive for collusion by setting prices above the equilibrium.
This would be another impact of money illusion. For testing this, they
added two treatments with positive price-level shocks, where subjects with
money illusion who want to collude would speed up the adjustment toward
the new equilibrium. Indeed, these sessions showed faster price adjustments
than the comparable sessions with negative shocks. However, the treatments
differed in several respects from those with negative shocks and are, thus,
not entirely comparable.

Note that the deviation from equilibrium in Treatment NH is larger
than the sum of deviations in Treatments NC and RH. Deviations resulting
from coordination failure and money illusion may reinforce each other in
environments with strategic complementarities. Fehr and Tyran (2008) use
a similar experiment, where treatments differ by prices being either strategic
complements or substitutes. In both treatments, the equilibrium was effi-
cient, ruling out that a desire for collusion can explain systematic devia-
tions from equilibrium. In the substitutes treatment, average prices jump
toward the new equilibrium almost instantaneously after the shock. There
is some mis-coordination, as some subjects choose prices that are too high
or too low, and thus, there is an efficiency loss in the first two periods after
the shock. The efficiency loss is, however, much larger in the complements
treatment, where prices adjust slowly toward the new equilibrium as in the
experiment by Fehr and Tyran (2001). Four control treatments serve to
identify the causes for insufficient price adjustments. Fehr and Tyran
(2008) find that results can be explained by money illusion and anchoring
or the expectation that other subjects suffer from these deviations from
rationality. While subjects with money illusion mistake nominal for real
payoffs, anchoring means that subjects anchor their expectations at the
numbers they saw before. After paying an equilibrium price for several per-
iods, subjects deviate from a rational response to a nominal shock toward
the best reply of previous equilibrium prices. With strategic complementari-
ties, deviations from equilibrium due to anchoring, money illusion, and the
expectation that other subjects are anchoring or suffer from money illusion
are reinforcing each other, while in environments with strategic substitutes,
they may actually have opposing effects: if I believe that my opponents
adjust prices insufficiently, I should adjust my price more than just toward
the new equilibrium. It has been confirmed in various other experiments
that subjects converge to equilibrium much faster in games with strategic
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substitutes than in games with strategic complementaries.® Limited levels of
reasoning are able to explain these patterns.’

Petersen and Winn (2014) argue that the results of Fehr and Tyran
(2001) provide less evidence for money illusion, but rather for a higher cog-
nitive load associated with adjusting prices in the NH treatment. Fehr and
Tyran (2014) reply to this by explaining that money illusion can only
unfold, if adjustment to a new equilibrium is a nontrivial task. Money illu-
sion is not opposed to limitations in cognitive capacity but rather depends
on them. As both, Petersen and Winn (2014) and Fehr and Tyran (2014),
point out, the cognitive load in finding the Nash equilibrium matters for
subjects who take nominal payoffs as a proxy for real payoffs. We conclude
from this that money illusion is inevitably linked to the information role of
nominal prices. However, the dispute between these authors points at some
open issues: what exactly is money illusion and can it be separated from
other factors impeding price adjustments after nominal shocks? One may
think of experiments comparing responses to nominal and real shocks for
identifying money illusion, coordination issues, and anchoring.

Sticky Prices and Sticky Information/ Monopolistic Competition

Slow price adjustments to shocks are at the foundation of new Keynesian
macroeconomics, such as DSGE models. For justifying the limited speed of
adjustment, DSGE models rely on either sticky prices (Calvo, 1983) or
sticky information (Mankiw & Reis, 2002). In sticky-price models, firms
cannot adjust their prices in every period. In sticky-information models,
firms cannot update their information in every period. Both restrictions
lead to delayed responses of the price level to monetary shocks and, thus,
implement the non-neutrality of money. Both restrictions can be partially
justified by more fundamental assumptions: menu costs may prevent firms
from adjusting prices every period and costs of information processing may
justify why firms update their information only occasionally.®

Experiments have been conducted regarding these fundamental assump-
tions as well as regarding the actual speed of price adjustments in environ-
ments with exogenously given restrictions. Wilson (1998) conducts an
experiment in which subjects play monopolists who may adjust prices to
some shock in their demand function. He finds that menu costs slow down
the adjustment process.

Orland and Roos (2013) introduce information costs for uncovering
future desired prices in an environment with sticky prices a la Calvo. They
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find that about one third of all subjects are myopic in the sense that they
set prices that are optimal in the current period only. These subjects neglect
that the currently set price should be closer to a weighted average of the
current and future desired prices. With information costs, myopic subjects
acquire less information about future desired prices and rely even more on
the current and past desired prices. The presence of myopic agents can
explain why aggregate prices are stickier than predicted in a Calvo model
with rational agents. Mackowiak and Wiederholt (2009) explain sticky
information by rational inattention and Cheremukhin, Popova, and Tutino
(2011) test the theory of rational inattention in the lab. They estimate and
compare different models of rational choice and reject models with low or
homogeneous costs of information processing. Their main result is that
subjects seem to be extremely heterogeneous in their costs of information
processing. Caplin and Dean (2014) also propose a test of information
acquisition theory. The experimental approach is motivated by unobserva-
ble information acquisition costs in the field. They show that participants
in their experiment adjust their information collection behavior to incen-
tives and use more time and effort for processing information if the rewards
are higher. In a companion paper, Caplin and Dean (2013) show that sub-
jects respond less to changes in incentives than the Shannon Entropy the-
ory predicts. They propose a simplified Shannon model that renders
account for this observation.

Davis and Korenok (2011) present a laboratory experiment aimed at
evaluating the relative capacity of alternative theories to explain the
delayed adjustment of prices following a nominal shock. In their experi-
ment, subjects play price-setting firms under monopolistic competition.
Markets consist of six sellers and 80 trading periods during which there is a
nominal shock doubling the money supply. Subjects are informed upfront
that this shock will occur, but they are not informed about the precise
timing of the shock. The experiment distinguishes three treatments: in a
baseline treatment (BASE), firms can adjust their prices in each period and
are informed about the market result after each period. From this, they can
immediately identify the period in which the shock occurred. In a sticky-
price treatment (SP), only two out of six subjects in a market can adjust
their prices each period, and subjects take turns in adjusting. In a sticky-
information treatment (SI), only two firms see the results from the immedi-
ately preceding trading period, again taking turns, so that each firm
receives an information update after three periods.

With flexible prices and information, there should be an immediate
jump to the new equilibrium following a nominal shock, while Treatments
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SP and SI should show a delayed response according to theoretical
predictions. Davis and Korenok (2011), however, observed a delay in all
three treatments. While subjects adjust very well toward the equilibrium
before the shock occurs, there is a considerable deviation between
actual and equilibrium prices in the periods following the shock. As in the
experiment by Fehr and Tyran (2001), subjects stop short of doubling the
price after the money supply has doubled. In line with theory, observed
deviations in the SP and SI treatments exceed those in the BASE treatment
in the first one or two periods after the shock. In the SI treatment, prices
adjust more slowly than in the two other treatments. The main result,
however, is that observed prices deviate from the respective theoretical
predictions in all three treatments for at least nine periods with no signifi-
cant differences between treatments for most of these periods. One way to
look at this result is that although firms may get timely information and
adjust prices whenever they want, they may behave as if there were frictions
like sticky prices or sticky information. Note, however, that the environ-
ment by Davis and Korenok (2011) is one of strategic complementarities in
which adjustments to equilibrium may be held up by limited levels of
reasoning.

Davis and Korenok (2011) consider two alternative explanations for the
delayed price adjustment in the BASE treatment: (1) some sellers might
have missed the shock or believed that others miss the shock, because the
shock was announced privately rather than publicly; (2) some sellers might
have imitated their forecasts instead of best responding to them. That is
they stated a price close to their own forecast instead of the price that would
have maximized their own payoffs given this forecast. To discriminate
between these hypotheses, the authors conduct two additional treatments,
each of them deviates from the BASE treatment by one aspect: (1) a treat-
ment where the shock is announced publicly and (2) a treatment where sell-
ers submit forecasts instead of prices. The results from these additional
sessions indicate that both explanations play a role: a publicly announced
shock leads to an immediate jump in stated prices or expectations in both
new treatments instead of a slow convergence process as in the BASE treat-
ment. If subjects state their forecasts instead of prices, the economy comes
closer to the monopolistically competitive equilibrium before and after the
shock. Hence, the privately announced shocks are responsible for the slow
convergence process immediately after the shock (which could also be
explained by limited levels of reasoning), while the inability to best respond
to one’s own expectations seems responsible for the long-run deviation from
the equilibrium.
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While Fehr and Tyran (2001) and Davis and Korenok (2011) test
responses of price-setting subjects to price-level shocks, Duersch and FEife
(2013) test the stability of collusion in environments with permanently
increasing or decreasing price levels. The paper is interesting as it provides
an argument for the debate on the optimal rate of inflation. Their experi-
ment implements a symmetric duopoly with differentiated goods in which
subjects play the role of firms who repeatedly set prices. Period-specific pay-
off tables implement a constant rate of inflation or deflation (depending on
the treatment) of 5%. There are also two baseline treatments with a con-
stant price level, in which one payoff table is valid for all periods.” Duersch
and Eife analyze how well subjects coordinate their prices, whether they
cooperate by coordinating on prices above the one-period Nash equili-
brium, and how these interactions affect consumer surplus. They show that
cooperation is higher in the baseline than in inflationary and deflationary
treatments. This indicates that it is easier to sustain cooperation in an envir-
onment with constant prices than under inflation or deflation, where a given
degree of cooperation requires permanent adjustments of nominal prices.
Real prices are, however, slightly increasing over time in the deflationary
treatments. This effect may result from nominal anchoring or money illu-
sion as it was found by Fehr and Tyran (2001). The lowest average real
prices are observed in the inflationary treatments. Here, money illusion and
the additional challenge of coordinating prices in an inflationary environ-
ment work hand in hand, reduce the firms’ profits from collusion, and lead
to a higher welfare level than deflation or a constant price level.

Lambsdorff, Schubert, and Giamattei (2013) conduct an experiment on
a simple price-setting game, which is reduced to its form as a beauty-
contest game. The novelty in their experiment is that one parameter steer-
ing the equilibrium price is a random walk. Thus, there are permanent
unforeseen shocks in the economy that increase the cognitive load for find-
ing the ever changing equilibrium price. Subjects play the game in groups
of six players and the payoff function for each player is:

7y =10— %Pit - %ﬁ—it -4- 1_10B1r >
where p;, is the player’s own price, p_;, is the average price of other group
members, and BI, is the realization of a random variable called “business
indicator” in period 7. The resulting equilibrium price in period ¢ is
pF =20+ BI,/2. Note that for realizations of BI, close to 40, the equilibrium
price is close to the business indicator. The actual realizations of BI; in the
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experiment reached from 20 to 90, and subjects coordinated on stating
prices equal to BI,. Thus, the business indicator served as a focal point or
heuristic for choosing prices. By deviating toward 40, subjects could have
gained individually. However, the high degree of coordination led to aver-
age payoffs that were higher than in a control treatment, where the business
indicator was presented in a different way (the number shown was BI,/5, so
that it lost its power as a salient coordination device). In the control treat-
ment, individual prices were on average closer to the equilibrium, but had a
high variance. The experiment shows that following a simple heuristic is an
attractive strategy if the potential gains from finding a more sophisticated
strategy are small. This finding seems related to the experiments on money
illusion, where subjects take the nominal payoffs as proxies for real
payoffs and save the effort of calculating. It is also related to experiments
generating sunspot equilibria by providing focal points discussed in Section
“Sunspots” below.

Summing up, price-setting experiments show that there are different rea-
sons why monetary policy has real effects, even in environments where
prices are fully flexible and information is provided to all agents. Observed
delays in price adjustment after a shock can be partly explained by money
illusion, anchoring, or monetary payoffs being used as focal points for
simple heuristics in a complicated environment. Limited levels of reasoning
or, related to this, a lack of trust that other agents notice the shock when it
occurs, may explain the pronounced delay of adjustment to equilibrium in
games with strategic complementarities. If information processing is costly,
it may be even rational to ignore some information or employ limited levels
of reasoning. If an economy exhibits strategic complementarities, as is often
the case in macroeconomic environments, all of these channels reinforce
each other and amplify the real effects of monetary policy. The study of
expectation formation in the lab also shows that subjects generally adapt
their expectations slowly, which may explain some persistence of real
effects. It is helpful to account for those different forms of money non-
neutrality to derive effective monetary policy rules.

SUBJECTS AS EXPERIMENTAL CENTRAL BANKERS

Some recent experiments test the abilities of subjects to perform the tasks
that standard models expect central bankers to accomplish. In particular,
central banks should stabilize inflation, eventually they should minimize a
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weighted average of fluctuations in prices and employment by using just
one instrument, and they should gain reputation so as to avoid an inflation
bias. They also must come to an agreement in committee meetings. Each
of these aspects of central bank decisions can be tested in isolation using
students as subjects in the role of central bankers. In practice, these tasks
are complicated and interconnected, and different kinds of quantitative and
qualitative information need to be considered. We would not expect under-
graduate students to achieve the goals of monetary policy to the same
degree as professional central bankers.

While it is obviously convenient to use students as subjects for laboratory
experiments, convenience alone is no justification for following this method
of research. However, we see four justifications for recurring to laboratory
experiments with subjects playing central bankers. First, by testing different
aspects of decision making in isolation, we may identify which aspects of
decision making are particularly challenging to humans and which kind of
biases, heuristics, and fallacies may explain behavior in the lab. These
results may carry over to more complex decision situations and well-trained
executives to the extent that they describe general aspects of human decision
making. The hypothesis that results obtained with undergraduates carry
over to professionals has been tested in various experiments related to finan-
cial markets, industrial organization, or corporate governance with mixed
evidence (Croson, 2010)."" Second, we learn most by comparing different
treatments within an experiment. The qualitative treatment effects are more
likely to spill over to real economic situations with trained decision makers
than the quantitative effects or behavioral biases within any treatment.
Third, the models that are used in most of the macroeconomic literature are
far less complex than the real economy. They are stripped to essentials and
arguably the relation between expert knowledge of real central bankers
and the complexity of real economies may be comparable to the relation
between the comprehension of models by students and the complexity of
these model economies. Fourth, some parts of the literature on monetary
policy assume that central bankers respond to incentives. Central bank con-
tracts have been designed for the purpose to alter the objective functions of
central bankers in ways that give rise to more efficient equilibria (Walsh,
1995). In laboratory experiments, students are incentivized because we want
them to respond to incentives. Thus, the lab is a perfect environment for
testing whether an engineered system of incentives has the desired effects
on behavior.

Here, we are particularly interested in how subjects deal with time incon-
sistency and the inflation bias (Section “Central Bank Credibility and
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Inflation Bias”) and whether they are able to stabilize an economy with
saddle-path stability (Section “Stabilization Policy”). Stabilizing an econ-
omy is a challenging exercise even in the lab. By analyzing the behavior of
human central bankers in the lab we can draw some conclusions about the
necessity of sticking to fixed Taylor-type rules, the tension between flexibil-
ity and credibility that may also affect the inflation bias, and on the size of
the coefficient by which central banks should respond to past inflation.
Groups are usually better in solving complicated decision problems than
individuals. On the other hand intra-group communication may also
induce some costs and reduce success rates of decisions, especially when
groups are heterogeneous or several individuals want to lead the groups.
Some recent experiments analyze the optimal size and composition of
central bank committees (Section “Decision-Making Process in Monetary
Policy Committees™).

Central Bank Credibility and Inflation Bias

Time inconsistency of monetary policy has worried monetary economists at
least since Kydland and Prescott (1979) and Barro and Gordon (1983a)
developed models showing that it may explain an inflation bias if private
agents form rational expectations and central banks have incentives to
respond asymmetrically to positive and negative deviations of unemploy-
ment from the NAIRU. The starting point is the existence of a short-run
Phillips curve that allows raising employment above the natural rate by
unexpected inflation. Ex ante, the central bank wants to achieve a low
inflation target, but it also has asymmetric objectives on employment:
either the central bank’s objective is an unemployment rate below the nat-
ural level or deviations toward lower unemployment are viewed as being
less costly to society than higher unemployment rates. Ex post, once expec-
tations are fixed, the central bank may exploit the Phillips curve trade-off
and realize welfare gains, provided that expectations are close to the effi-
cient level of inflation. Rational agents forecast this response and expect a
higher rate of inflation ex ante, such that any further increase of inflation
inflicts welfare losses that exceed the welfare gains associated with reduced
unemployment. Thus, the equilibrium level of inflation is inefficiently high.
Theoretically, there are different mechanisms of containing this inflation
bias. The most important is laid out in the work of Barro and Gordon
(1983b): in a repeated game, there is a continuum of equilibria ranging
from the inefficient one-period Nash equilibrium explained above to more
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efficient solutions in which the central bank accounts for its effects on
future expectations and builds up a reputation for low inflation rates. The
precise limits for the range of equilibria, and whether the efficient Ramsey
solution is actually part of this range, depends on parameters such as the
central bank’s discount factor and on observability of central bank actions.

Experiments allow testing which of the many equilibria are actually
played, whether and how behavior responds to parameters, and whether
observability of actions or communication affect efficiency. Experiments
can also test the trade-off between credibility and flexibility that has been
postulated by theory. These questions can be tackled by experiments in
which the central bank is actually played by one or several subjects in the
experiment or by comparing expectations formation in environments with
different rules. Van Huyck, Battalio, and Walters (1995) test time inconsis-
tency in a repeated two-player peasant—dictator game. In each round, the
peasant first decides how many beans to plant and the dictator then decides
on his discretion about a tax on production. This is compared with an
otherwise equal treatment in which the dictator pre-commits to a tax rate
before the peasant invests. While the commitment treatment has a unique
equilibrium at the efficient investment level, the discretionary treatment has
multiple equilibria ranging from the one-period Nash equilibrium at zero
investment to the efficient Ramsey equilibrium of the commitment treat-
ment. Although investment levels are in general positive, there are signifi-
cant and sizable differences between the treatments, indicating that
reputation cannot substitute commitment.

Arifovic and Sargent (2003) and Duffy and Heinemann (2014) test
whether subjects playing central banker can achieve credibility in a
Barro—Gordon game. In both experiments subjects are split up into groups
of four to six subjects, with one subject in each group playing central banker
and the others forecasting inflation. While forecasters face a quadratic loss
function over deviations between their forecast and realized inflation, the
central banker is paid according to a loss function with two quadratic terms
depending on deviations of inflation and unemployment from target levels.
The central banker’s payoff function can be thought of being the economy’s
welfare function as in the original model by Barro and Gordon (1983a). The
central banker faces a Phillips curve trade-off between unemployment and
inflation and can use one instrument (money supply) to choose between the
different possible combinations of inflation and unemployment. However,
the central banker cannot fully control the inflation rate, leaving the precise
outcome of his actions to a random device. Both experiments implement
infinitely repeated games by terminating a sequence (supergame) with some
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constant probability set at 2% in the work of Arifovic and Sargent (2003)
and 1/6 in Duffy and Heinemann (2014)."!

Arifovic and Sargent (2003) neither reveal the relationship between infla-
tion and unemployment nor the incentives of central bankers to forecasters.
Forecasters are just told that the policymaker is setting a target rate of
inflation and how the actual rate of inflation depends on this target rate
and a noise term. In particular, forecasters are not informed about the
Phillips curve relationship or the central banker’s payoff function, although
knowing these functions is crucial for a rational expectations equilibrium.
Arifovic and Sargent did not compare different treatments, because their
main focus was to explore whether subjects could avoid the inflation bias
associated with a one-period Nash equilibrium and whether expectations
could be described by a model of adaptive expectations. They found that a
majority of their 12 groups arrived more often at inflation rates closer to
the efficient rate (zero) than to the one-period Nash equilibrium (5%), but
nearly all groups showed extended periods with inefficiently high inflation.
Expectation formation could be described by a model of adaptive expecta-
tions. Central bankers who tried to get expectations down, were reducing
target rates too slowly compared to a best response to adaptive expecta-
tions. Since central bankers were not changed between different sequences,
one might argue that the actual continuation probability was even larger
than 98% in their experiment, which should have favored low inflation and
may explain spillovers between sequences and the absence of end-game
effects when sequences approached the maximum duration of 100 periods.

Duffy and Heinemann (2014), instead, provide forecasters and central
bankers with full information about the model, including the Phillips
curve relationship and the incentives of both types of players. Formally,
the game can be described by four equations: The Phillips curve is given by
u=w+ n°—x, where u represents unemployment, w a supply shock with a
uniform distribution in [120,160], x inflation, and z° the average of subjects’
stated inflation forecasts. Inflation depends on the central banker’s choice
of money supply m and a transmission shock, z=m + v. The transmission
shock v has a uniform distribution in [0, 40]. Central bankers are paid
according to a welfare function 6,000 — 2(x — 120)> — (x — 40)* and forecas-
ters receive 4,000 — (7 — z¢)*, where z¢ is forecaster s stated inflation fore-
cast. This simple Barro—Gordon model has a one-period Nash equilibrium
with z°=80, while the efficient average rate of inflation is 40. Duffy and
Heinemann do not tell subjects that they are playing a monetary policy
game, but use a neutral framing instead.'” Subjects are told that the
A-player (central banker) has the task to move water from one container
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(interpreted as unemployment) to another (representing inflation). The
ability to move water corresponds to the Phillips curve trade-off. Duffy and
Heinemann compare a treatment implementing a commitment regime with
discretionary treatments with and without cheap talk, policy transparency,
and economic transparency. In total, they had six different treatments, each
with eight different groups of subjects. The focus of their study was to test
treatment effects on the levels of inflation and unemployment, on the ability
of central banks to stabilize employment, and subsequently the level of
welfare, as measured by the central banker’s payoff function. Building up
on the work of Van Huyck et al. (1995), they ask whether cheap talk or
transparency can make up for the lack of trust associated with a repeated
discretionary game.

In the commitment treatment, the central banker moved first and fore-
casters knew m, when submitting their forecasts. Here, the inflation bias was
not significantly different from zero. In the other, discretionary treatments,
forecasts were stated before the central banker decided on m. In these treat-
ments, there was a significant inflation bias that was actually rather close to
the predictions of the one-period Nash equilibrium. Thus, neither cheap
talk nor transparency worked as substitutes for commitment. Expectations
were systematically lower than actual inflation in all discretionary treat-
ments, which resulted in unemployment rates below the NAIRU. This
expectation bias was particularly strong in the treatment of cheap talk with-
out policy transparency. Here, the central banker sent a nonbinding
announcement about the amount of water that he or she intended to move
before expectations were formed. The announcements affected expectations
although central bankers regularly cheated on their announcements. In
the early rounds of this treatment, the low average unemployment led to
an average level of welfare that was comparable to the welfare level
under commitment. However, welfare under cheap talk decreased over
time with forecasters learning to mistrust announcements. A remarkable
result of this experiment concerns the ability of central bankers to stabilize
employment. The one-period Nash equilibrium of discretionary games is
associated with a policy rule m =20+ w-2/3, resulting in unemployment
u=140+w/3 —v. In the unique equilibrium under commitment, unemploy-
ment is u =140+ w —v. Thus, discretionary policy enables the central bank
to partially stabilize employment from the impact of supply shocks w. This
is known as the trade-off between flexibility and credibility. In the experi-
ment, however, the standard deviation of unemployment was higher in the
baseline discretionary treatment than under commitment, where it was close
to the theory prediction. Thus, there was no trade-off: commitment reduced
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the level of the inflation bias and employment fluctuations compared to
discretion. Duffy and Heinemann explain this result by the attempts of cen-
tral bankers to reduce the inflation bias with different policies. These policy
experiments contributed to the overall noise level in the economy, because
they were not expected by forecasters.

Stabilization Policy

Experiments with subjects playing central bankers are interesting in evalu-
ating how well humans are able to stabilize variables in an environment
with saddle point stability. In theory, an optimal stabilization of inflation
requires that interest rates respond to expected inflation with a coefficient
larger than 1. This so-called “Taylor principle” (Taylor, 1993)"* is the
focus of an experiment by Engle-Warnick and Turdaliev (2010). They find
that most experimental central bankers are able to stabilize inflation. The
strategies employed obey the Taylor principle if the responses of interest
rates over several periods are added up. However, subjects smooth the
interest rate and do not respond fully in the first period they see inflation
expectations deviating from the target. Such behavior is theoretically opti-
mal for a policy maker who faces uncertainty about the impact of his
instruments or the size of shocks. As subjects in the experiment were not
informed about the precise relationships between variables in their econ-
omy, they actually followed strategies that can be regarded as being close
to optimal.

The experiment contains a control problem similar to the task of a pol-
icy maker in a New Keynesian macroeconomic environment. The economy
is described by a DSGE model in two variants, one where inflation depends
on current output and past inflation (Model 1) and one in which inflation
today is also directly affected by inflation two periods ahead (Model 2).
Subjects were college students and were given the task to stabilize the econ-
omy by setting the interest rate. They were not told that their decisions
were related to an economy. Instead, instructions talked about “chip levels
in two containers labeled Container A and Container B.” Subjects were
told that these levels are related to each other and that increasing the
instrument would lower the chip levels. Container A represented output
and Container B inflation. The goal was to keep the chip level in Container
B as close as possible to 5 and the payoff depended on how close they got
to this target in the 50 periods of the game. Subjects had some practice
rounds in which they could get used to the effect of their instrument on the
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chip levels. Due to the inherent instability of the models, subjects could
lose control, in which case they ended up with a negative payoff that was
set to zero in the end, leaving these subjects with the show-up fee.

The main result of this article is that more than 80% of subjects mana-
ged the control problem in such a way that they received positive payoffs.
Engle-Warnick and Turdaliev (2010) try to identify subjects’ strategies by
running linear panel regressions explaining the instrument by the data that
the respective subjects could observe. In this, they follow Taylor (1999)
who used a similar technique for identifying monetary policy rules of the
Federal Reserve during different historical eras. The regressions reveal
that successful subjects'® responded to current inflation with coefficients
that are close to 1. However, they also responded to output and to their
own lagged instrument with positive coefficients. The positive response to
the lagged instrument represents interest smoothing. Summing these
responses up, their strategies obey the Taylor principle, which explains
their success. The fit of OLS regressions was high, averaging around an R*
of 0.8, which can be taken as evidence that the identified “rules” explain a
large portion of actual behavior. It is remarkable that the R? is comparable
in magnitude to the fit of linear policy rules for post-war data in the
United States.'”

Linear rules fit behavior even though subjects had very little information
about the control problem and most likely did not consciously apply
a linear rule. It is also interesting to note that subjects actually came close
to achieving payoffs that would have resulted from the optimal rule.

While most of the literature concentrates on a specific issue in isolation
and considers experiments as means to test some particular theory, generally
using one market, some recent experiments focus on the interrelations
between several markets and the spillovers between them.'® In these experi-
ments, subjects are given different roles: some play firms, others private
households, and sometimes even governments and central banks are played
by subjects. These experiments usually have commodity markets, labor
markets, and (indirectly modeled) a market for liquidity. Cash-in-advance
constraints are implemented using computerized double auctions in inter-
connected markets.!” Subjects interact repeatedly and are incentivized by
being paid according to the profit or utility level that they achieve. While
Lian and Plott (1998) use a general equilibrium framework for exploring the
technical feasibility of running such complex experiments in laboratories
with student subjects, in another article of this book, Noussair et al. (2014)
construct experimental economies with the specific structure of a New
Keynesian DSGE model, in which subjects play the roles of consumer/
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workers, producers, and eventually central bankers. They study which
frictions are necessary for replicating stylized facts, and how persistent
shocks are in such an environment.'® Noussair et al. (2014) study whether
menu costs and monopolistic competition are essential for explaining sev-
eral empirical stylized facts. Their experiment consists of three treatments
that allow isolating rigidities in their economy: (1) monopolistic competition
treatment; (2) menu cost treatment; and (3) perfect competition treatment.
They find that monopolistic competition in the output market is sufficient
to generate persistent effects of shocks, while menu costs are not necessary.
Patterns of price adjustment follow stylized empirical facts, such as most
price changes being positive.

With respect to our focus on human central bankers, we restrict our
attention to a fourth treatment of Noussair et al.’s (2014) experiment in
which subjects are told to act as policymakers and have incentives for stabi-
lizing inflation by setting the interest rate in each period. This treatment
was conducted to explore whether successful human policymakers would
obey the Taylor principle. A second goal was to check whether the Taylor
principle has the theoretically predicted effect of stabilizing an economy
inhabited by human instead of fully rational agents. Noussair et al. (2014)
find that most of the subjects control inflation relatively well and obey the
Taylor principle. They also show that output shocks are more persistent
and welfare is lower if monetary policy is conducted by human subjects
than for an automated instrumental Taylor rule.

Decision-Making Process in Monetary Policy Committees

Amongst the various aspects of the decision-making process, one widely
debated issue is the size and structure of monetary policy committees.
Committee decisions are nowadays standard in central banking. The com-
position and the decision rules within a committee can affect the outcomes
of its meetings and the quality of decisions. While Maier (2010) reviews
general “economic, experimental, sociological and psychological studies to
identify criteria for the optimal institutional setting of a decision committee”
(p- 320), we review the experimental literature that has focused on mone-
tary policy decisions.

Decisions rules of monetary policy committees can largely vary. There
is usually a leader, but the leader’s authority also varies (Blinder &
Morgan, 2008). For example, Blinder and Wyplosz (2005, p. 9) characterize
the Federal Open Market Committee under Alan Greenspan as
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autocratically-collegial, the Monetary Policy Committee of the Bank of
England as an individualistic committee, and the Governing Council of the
European Central Bank (ECB) as genuinely collegial. The size and compo-
sition of committees also shows a wide variety: while the ECB Governing
Council has 24 members and is dominated by the 18 governors of national
central banks, the MPC in the United Kingdom has only nine board mem-
bers with no regional affiliation, of which four are even external experts.
The 12 members of the FOMC consist of seven executive board members
and five heads of the 12 regional central banks who rotate annually.

Experiments in other areas have shown before that (small) groups can
achieve higher payoffs than individuals confronted with the same problem.
However, there are some important differences between monetary policy
decisions and the usual tasks performed in group experiments: in monetary
policy decisions, the instrument affects payoff-relevant parameters (macro
data) only with a severe time lag and decisions have to be taken under
incomplete information. This raises the question whether groups are also
more efficient in dealing with these particular challenges. A second question
regards time: it is often said that groups are slower in taking decisions.
While the actual duration of a committee meeting (measured in hours) is
irrelevant for macroeconomic performance, the number of meetings that a
committee needs, before it agrees to change an interest rate in response to a
perceived shock is a matter of weeks or even months and has macroeco-
nomic consequences. Thus, the relevant time dimension can be better mea-
sured by the amount of data required before a committee actually responds
to some external shock of which it cannot be certain.

Blinder and Morgan (2005, 2008) examine the effectiveness of individual
versus committee decisions via laboratory experiments.'” Blinder and
Morgan (2005) propose an experiment in which Princeton University stu-
dents who had followed at least one course in macro would play the role of
central bankers setting the nominal interest rate, either individually or in
groups. The economy was modeled using a standard accelerating Phillips
curve

m,=04m_1+03m,_2,+027,_3+0.17;,_4 —0.5(U,—1 =5)+wy,
in which inflation =, depends on the deviation of the lagged unemployment

rate U,_; from its natural rate (set to 5) and on its own four lagged values,
and by an IS curve:

Ut_5=0.6(U[_1_5)+0.3 (i[_l_ﬂ[_l_s)_Gt‘l'e[.
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Apart from the effects of shocks, unemployment U, rises above (or
falls below) its natural rate when the real interest rate, i,_; — 7,_, IS
above (or below) a neutral level, set to 5. The parameters of this model
have been chosen in crude accordance with empirical estimates for the US
economy.

While w, and &, are small i.i.d. shocks with a uniform distribution in the
interval [ — .25, +.25], the economy is also subject to a large demand shock
G, that starts out to be zero but switches permanently to either +.3 or —.3
in one of the first 10 periods. The main challenge for the central bank is to
adjust the interest rate in response to this large demand shock. The smaller
shocks make detecting the permanent shock a nontrivial task. Subjects
were not informed about the precise specification of the model. They were
only told that raising the interest rate increases unemployment and lowers
inflation with some delay, while lowering the interest rate has the opposite
effects. Subjects knew that a large demand shock would occur equally likely
in any of the first 10 periods. The economy lasted for 20 periods and the
payoff per period was given by a linear loss function for deviations of
unemployment and inflation from target levels:

s;=100—-10 |U; - 5| =10 |z, —2|.

Finally, subjects were paid according to the average of s, over the 20
periods. In order to achieve their targets, subjects could change the interest
rate at any period at a fixed cost of 10 points. This design feature enables
the authors to detect when their subjects respond to the large shock.

The game was played 40 times. Subjects first played 10 rounds alone.
Then, they were matched in groups of five for another 10 rounds. In a third
part of the experiment, subjects played alone for another 10 rounds, and
finally they were matched in groups of five for the last 10 rounds. Out of 20
sessions in total, in 10 sessions groups decided by majority rule, while the
other 10 sessions required unanimous group decisions.

The main result of this study is that groups made better decisions than
individuals without requiring more time. Time is measured by the number
of periods and thus the amount of data required before the individual or
group decides to change the interest rate after the external shock occurred.
There was no significant difference between the time lags of groups decid-
ing with majority rule and groups deciding unanimously. Blinder and
Morgan (2005, p. 801) report that “in almost all cases, once three or four
subjects agreed on a course of action, the remaining one or two fell in line
immediately.” While there was no evidence that subjects improved their
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scores during any of the blocks of 10 rounds, there was a significant differ-
ence between the scores that individual decision makers achieved during
the first 10 rounds and during rounds 21-—30. It is not clear, though,
whether the improvement is due to learning from other group members or
just to the additional experience with the game.

Blinder and Morgan (2008) repeated the same experiment with students
from the University of California, Berkeley, raising two more questions:
the relevance of group size and leadership. Are smaller committees more
efficient than large ones and do committees perform better in the presence
of a leader? Blinder and Morgan (2008) compare sessions with groups of
four and eight subjects and designate a leader in half of the sessions, whose
vote serves as a tie break and whose score is doubled. The results show
that larger groups yield a better performance. Whether the group has a
designated leader or not has no significant impact on performance. Neither
has the performance of the best individual in the previous rounds in
which subjects played alone. However, the average previous performance of
group members has a positive, albeit decreasing effect on the group’s
performance.

Another issue related to the decision-making process in monetary policy
committees, underlined by Maier (2010, p. 331), is that both the ECB*® and
the Fed “have adopted a rotation system to limit the number of voting mem-
bers — that is the right to vote rotates following a pre-determined sequence.”
Maier argues that “rotation is a useful device to increase the amount of infor-
mation without compromising the group size.” But, he also notes that the
goal of shortening the discussion “can only be achieved if non-voting mem-
bers hardy ever participate in the discussion.” It is not clear how they can
then increase the information used by the committee for its decisions.
Another aspect of rotation is that voting members may pursue their own
interests at the expense of nonvoting members. In an experiment on com-
mittee decisions, Bosman, Maier, Sadiraj, and van Winden (2013) analyze
how subjects trade off common and private interests depending on the rota-
tion scheme. They find that voting members receive higher payoffs than
nonvoting members in treatments with rotation of voting rights, while pay-
offs in a control treatment, where all subjects could vote, are somewhere in
between. Decisions were taken faster in treatments with smaller groups of
voting subjects, and rotation helped avoiding deadlocks. The total earnings
were somewhat lower in treatments with rotation, but the difference is small
and Bosman et al. (2013, p. 39) conclude that “rotation has primarily
distributional effects.” It is not clear though, how much this result is driven
by the particular payoffs in this experiment. The total payoffs arising from
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selfish voting behavior are very sensitive to the relative differences between
committee members’ objectives. Note that there was no information
asymmetry between committee members in this experiment. Hence, the
question whether rotation decreases the amount of information utilized by
the committee could not be addressed here.

TRANSPARENCY AND COMMUNICATION ISSUES

This section is devoted to central bank communication and the merits
of transparency. There is a vivid debate about the pros and cons of trans-
parency, and while central banks have moved toward higher transparency,
theory papers provide mixed recommendations. In particular, strategic
complementarities inherent in macroeconomic models provide incentives to
overweight public announcements in comparison to their informational
content (e.g., Morris and Shin, 2002). This may lead to public signals redu-
cing welfare.

We present some experiments that measure the relative weights that
subjects put on public versus private signals, provide explanations, and
draw conclusions for the welfare effects of public announcements (Section
“Overreaction to Central Bank Disclosures”). These studies show that sub-
jects may overreact to public information, in the sense that they attribute
more weight to public information than the Bayesian weight following from
its relative precision. In theory, overreaction can lead to welfare detrimental
effects. It is therefore relevant to analyze how central banks may reduce
overreaction to their disclosures. Some experiments test different communi-
cation strategies and compare their effectiveness in reducing welfare detri-
mental overreactions (Section “Central Bank Communication Strategies”).
Experiments are particularly well-suited for testing the effects of informa-
tion and communication channels, because the experimenter can control
information and distinguish communication channels in different treat-
ments. Thereby, experiments yield very clear results about the effects of
information, while field evidence is always plagued by the simultaneity of
different communication channels and by the problem of filtering out which
information really affected decisions. Communication is an essential tool
at the disposal of central banks. A related interesting issue is the
interaction between communication and stabilization policy. Only very few
experiments focus on this issue (Section “Communication and Stabilization
Policy™).
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Overreaction to Central Bank Disclosures

As Geraats (2002, p. F533) noted, “central bank transparency could be
defined as the absence of asymmetric information between monetary policy-
makers and other economic agents.” Central bank transparency has
increased rapidly in the last 20 years, especially with the adoption of infla-
tion targeting by many central banks (New Zealand, Canada, the United
Kingdom, and Sweden in the early 1990s).>!

However, financial markets typically exhibit overreaction to public
information such as press releases or public speeches disclosed by central
banks. Indeed, since central banks interact closely with the financial sector,
their disclosures attract the attention of market participants. While it is
usually believed that more information improves market efficiency, some
literature based on coordination games with heterogencous information
shows that public disclosure may be detrimental.

Morris and Shin (2002) present a stylized game with weak strategic
complementarities for analyzing the welfare effects of public and private
information. Agents have to choose actions that are close to a fundamental
state (fundamental motive) but also close to each other (coordination
motive). The game is characterized by both fundamental and strategic
uncertainty: agents receive noisy public and private signals on the funda-
mental state variable. In equilibrium, an agent’s action is a weighted average
of a public and a private signal. The equilibrium weight attached to the pub-
lic signal is higher than its relative precision. This “overreaction” is due to
the higher informational content of public signals regarding the likely beliefs
and actions of other agents. The difference between equilibrium weights and
relative precisions rises in the weight put on the coordination motive. This
mirrors the disproportionate impact of the public signal in coordinating
agents’ actions. The model of Morris and Shin emphasizes the role of public
information as a focal point for private actions. Strategic complementarities
provide incentives to coordinate on the publicly announced state of the
world and underuse private information (PI). If public announcements are
inaccurate, private actions are drawn away from the fundamental value and
reduce efficiency of the action profile.

Cornand and Heinemann (2014) test predictions of this approach by
implementing two-player versions of this game adapted for conducting an
experiment.?” They run treatments that vary with respect to the weights on
fundamental and coordination motive and experimentally measure the
weights that subjects put on public information in the different treatments.
In this experiment, subjects are matched in pairs and for each pair a
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random number 0 (fundamental) is drawn out of a large interval with uni-
form distribution. Each of the two subjects receives a private signal x’ and,
in addition, both subjects receive a common (public) signal y. All three sig-
nals are i.i.d. with a uniform distribution around 6. Payoff functions are:

Ua,0)=C—(1—7r) (a;— 0 = r (ai — )",

where ¢; and g; are the actions of the two players and r is the relative weight
on the coordination motive. For r > 0, each agent has an incentive to meet
the action of his partner.

In the benchmark case without a coordination motive (r=0), subjects
follow the theoretical advice from Bayesian rationality: they use all infor-
mation of the same precision with equal weights, regardless of whether
information is private or public. When both fundamental and coordination
motives enter subjects’ utility, subjects put larger weights on the public sig-
nal, but these weights are smaller than theoretically predicted. This reduces
the effects of public signals on the average action compared to equilibrium
predictions. Observed weights can be explained by a model of limited levels
of reasoning, where Level 1 is defined by the optimal action of a player
who neglects that public signals provide more information about other
players’ actions, and Level k is the best response to Level k—1. Subjects’
choices are distributed around the weights associated with Level 2.

Cornand and Heinemann (2014) also elicit higher-order beliefs. As in
the game, they match subjects in pairs, draw a random number € for each
pair, and provide each of the two subjects with a private signal x’ and, a
public signal y. All three signals are i.i.d. with a uniform distribution
around 6. Then, they ask subjects to state an individual expectation for 6.
The stated belief of subject i is denoted by ¢’. The Bayesian expectation is
¢’ =E(0lx',y) = (x'+y) /2. Subjects are also asked to submit an expectation
of the stated belief by their partner. The Bayesian expectation about the
other subject’s belief is:

xf|x",y)+y_E(9]x",y)+y_1 ;3
2 -T2 Sty

E(e7|xi,y) = E(

Hence, subjects should put a weight of .25 on their private signal when esti-
mating their partner’s stated belief about 6. The actual weights that subjects
put on their private signal were significantly higher.

This deviation from Bayesian higher-order beliefs indicates that subjects
underestimate how informative the public signal is in assessing other
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players’ expectations. This may be viewed as an alternative explanation
why subjects put lower weights on the public signal in the Morris—Shin
game. However, drawing on a simulation exercise in which they derive the
best response to non-Bayesian beliefs, Cornand and Heinemann conclude
that the observed deviations from equilibrium cannot be explained by
deviations from Bayesian rationality alone. Rather, non-Bayesian beliefs
must be combined with limited of reasoning.

In the limiting case of a pure coordination game (r=1), equilibrium the-
ory does not yield a unique prediction, but the public signal provides a focal
point that allows agents to coordinate their actions. In the experiment, sub-
jects indeed tend to follow the public signal and put a significantly larger
weight on it than in games with both fundamental and strategic uncertainty.
However, they still put a positive weight on their private signals, which
prevents full coordination. Here, the provision of PI reduces efficiency.

In a related experiment, Shapiro, Shi, and Zillante (2014) analyze the
predictive power of level-k reasoning in a game that combines features of
the work by Morris and Shin (2002) with the guessing game of Nagel
(1995). While Cornand and Heinemann (2014) only look at average weights
on private versus public signals, Shapiro et al. (2014) try to identify whether
individual strategies are consistent with level-k reasoning. They argue
that the predictive power of level-k reasoning is positively related to the
strength of the coordination motive and to the symmetry of information.

Cornand and Heinemann (2013) reconsider the extent to which public
information may be detrimental to welfare: they consider the use of the
experimental results from Cornand and Heinemann (2014) for calibrating
the model by Morris and Shin (2002). If agents follow the levels of reason-
ing observed in the experiment, public information cannot have detrimental
effects, while PI may be welfare detrimental if coordination is socially
desired. Only if subjects employ higher levels of reasoning, negative welfare
effects of public information are possible. Cornand and Heinemann (2013)
also analyze the effects of limited levels of reasoning in the model of James
and Lawler (2011), in which a central bank can take policy actions against
some fundamental shock. In this model, policy and private actions are
perfect substitutes with respect to neutralizing aggregate shocks, and the
government can provide the optimal response to its own information with-
out the need of publishing it. Private actions are still required to account
for the additional information contained in agents’ private signals. This
distribution of tasks achieves the first best. If, however, the government dis-
closes its information as a public signal, private agents reduce the weight
they put on their private signals and, thus, PI enters the total response of
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the economy with a weight that is suboptimally small. For this reason, it is
always optimal to withhold public information completely. This argument
is robust to limited levels of reasoning.>* Overall, Cornand and Heinemann
(2013) conclude that for strategies as observed in experiments, public infor-
mation that is more precise than PI cannot reduce welfare, unless the policy
maker has instruments that are perfect substitutes to private actions.

Dale and Morgan (2012) provide a direct test for the welfare effects of
public information in the model of Morris and Shin (2002). They argue
that adding a lower quality private signal improves the quality of decisions.
When the lower quality signal is public, subjects strategically place ineffi-
ciently high weights on the public signal, which reduces their payoffs.
However, Dale and Morgan do not account for the weight that subjects
put on the commonly known prior that serves as a second public signal in
this experiment, and they give subjects feedback about the best response
after each round of decisions, which may be responsible for the conver-
gence toward equilibrium that could not be observed in related studies.

While Cornand and Heinemann (2014), Shapiro et al. (2014), and Dale
and Morgan (2012) do not consider trading, there is a huge experimental
literature about market efficiency in aggregating PI into prices.>* However,
the different roles of public and private signals in such markets have only
recently been analyzed. Ackert, Church, and Gillette (2004) present evi-
dence from a laboratory asset market in which traders receive public signals
of different quality (but no private signals). They show that traders over-
react to low-quality public information and under-react to high-quality
public information.

Taking the example of information provided by rating agencies,
Alfarano, Morone, and Camacho (2011) analyze whether the presence of
public signals can impede the aggregation process of PI. To this aim, they
replicate a market situation in which at the beginning of each trading
period, each subject was endowed with some units of an unspecified asset
and another amount of experimental currency. The asset paid a dividend at
the end of the trading period. At each trading period the dividend was ran-
domly determined by the experimenter. During each trading period, subjects
could post bids and asks for assets or directly accept any other trader’s bid
or ask. To make his decisions, each subject could purchase as many private
signals on the dividend as he wanted during the trading period (as long as
he had enough cash). In the treatment with public information, subjects also
had access to a free public signal on the dividend. The authors find that
when public information is disclosed, less private signals are bought. Thus,
public information crowds out PI. However, this effect does not reduce
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market information efficiency in the sense that the additional public infor-
mation compensates the reduction of PI.

Middeldorp and Rosenkranz (2011) also test an experimental asset mar-
ket with costly PI. Their asset market implements the theoretical models by
Diamond (1985) and Kool, Middeldorp, and Rosenkranz (2011). In their
experiment the provision of a public signal crowds out PI to such an extent
that forecast errors may rise with increasing precision of the public signal.
In this experiment, subjects participated in two phases. The first phase
aimed at measuring subjects’ risk attitudes. The second corresponded to
the actual market trading (25 periods). Each period was divided in two
stages: an information stage and a trading stage. In the information stage,
subjects were shown a screen revealing: their endowment consisting of
some amount of experimental currency units and a risky asset producing a
random payout at the end of the experiment; and a public signal regarding
the payout for the respective period and the standard deviation of this
signal. To get more precise information on the payout, subjects could buy a
noisy private signal about the payout for the considered period.

The trading stage implemented a continuous double auction: subjects
could post bid and ask prices in any quantity for 150 seconds and trades
were carried out whenever possible. The authors varied the precision of pub-
lic information between the different periods to measure its impact on the
crowding out of PI. To see whether the experimental asset market is incor-
porating PI into the price, the authors compare the error of public informa-
tion to the market error: whenever the market price predicts the payout
better than public information, the market incorporates PI. However the
experiment shows that on average, market prices are less informative than
public information that all traders receive. More precisely, prices outper-
form public information for rather imprecise public signals, while for very
precise public information, market errors do not decline proportionally.?
Middeldorp and Rosenkranz (2011) conclude that their results confirm
theoretical predictions according to which a more precise public signal from
a central bank can in some cases reduce market efficiency.

Central Bank Communication Strategies

In the Section “Overreaction to Central Banks Disclosures”, we presented
some experiments that investigate whether public information can be detri-
mental to welfare. Since overreaction to public information is responsible
for eventual welfare reducing effects, it is important to ask how central
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banks can reduce such an overreaction to its own disclosures. In this sub-
section, we therefore focus on central banks’ communication strategies in
the lab and especially, following Baeriswyl and Cornand (2014), on strate-
gies that may reduce market overreaction to public disclosures.

The theoretical literature envisages two disclosure strategies for reducing
the overreaction of market participants to public information. The first —
partial publicity — consists of disclosing transparent information as a semi-
public signal to a fraction of market participants only (see Cornand &
Heinemann, 2008). The degree of publicity is determined by the fraction of
market participants who receive the semi-public signal. As argued by Walsh
(2006, p. 229), “Partial announcements include, for example, speeches about
the economy that may not be as widely reported as formal policy announce-
ments. Speeches and other means of providing partial information play an
important role in central banking practices, and these means of communication
long predate the publication of inflation reports.” Choosing a communication
channel with partial publicity reduces overreaction, as uninformed traders
cannot respond anyway, whereas the informed traders react less strongly as
they know that some other traders are uninformed. The second strategy —
partial transparency — consists of disclosing ambiguous public information
to all market participants (see Heinemann & Illing, 2002). The degree of
transparency is determined by the idiosyncratic noise added to the public
signal by the individual differences in interpreting the signal. The famous
quotation by A. Greenspan in 1987, then chairman of the Federal
Reserve Board, can represent a good illustration of partial publicity:
“Since I've become a central banker, I've learned to mumble with great
incoherence. If I seem unduly clear to you, you must have misunderstood
what I said” (Alan Greenspan, as quoted in the Wall Street Journal,
September 22, 1987, according to Geraats, 2007). Choosing a communica-
tion channel that implements partial transparency reduces overreaction,
because ambiguity generates uncertainty on how other market partici-
pants interpret the same signal, which mitigates its focal role. In a frame-
work closely related to that of Morris and Shin (2002), Baeriswyl and
Cornand (2014) show that these strategies are theoretically equivalent in
reducing overreactions to public information, in the sense that a signal
with a limited degree of publicity or an appropriately limited degree of
transparency can achieve the same response of average actions.

Baeriswyl and Cornand also conduct an experiment comparing the
effects of partially public and partially transparent signals, in which para-
meters are chosen so that both communication strategies are theoretically
equivalent. They use a set-up similar to Cornand and Heinemann (2014),
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but with a relatively high weight on the coordination motive (r=0.85), and
with seven participants per group instead of two. The different treatments
compare the effectiveness of partial publicity and partial transparency
to reduce overreaction along with a baseline treatment in which the public
signal is transparently provided to all group members. Partial publicity is
implemented by revealing the signal only to four of the seven group mem-
bers. In the partial-transparency treatment, all group members get the
signal, but with an appropriate idiosyncratic noise.

Partial publicity and partial transparency both succeed in reducing over-
reaction to public information in the laboratory, although less than theory
predicts. According to Baeriswyl and Cornand (2014, p. 1089), “partial
publicity reduces overreaction only to the extent that uninformed subjects
cannot react to public information, whereas informed subjects do not behave
differently than they do under full publicity. In other words, it is the actual
lack of information by uninformed subjects rather than the response of
informed subjects to the perception that others are uninformed that reduces
overreaction. [...] Partial transparency reduces overreaction as the ambiguity
surrounding public information induces subjects to behave cautiously.
Nevertheless, partial publicity turns out to reduce overreaction more strongly
than partial transparency in the experiment.”

Yet Baeriswyl and Cornand (2014) advocate partial transparency as a
policy recommendation for reasons of reliability and fairness. Arguably,
partial transparency may be easier to implement than partial publicity in
an era, where media quickly relay information on a large scale. Moreover,
partial publicity violates equity and fairness principles: it seems to be
“politically untenable [for a central bank] to withhold important information
intentionally from a subgroup of market participants” (p. 1090) in a demo-
cratic society. Central banks should rather prefer controlling the reaction
to their public disclosures by carefully formulating their content instead of
selecting their audience.

Communication and Stabilization Policy

While papers mentioned in Sections “Overreaction to Central Banks
Disclosures” and “Central Bank Communication Strategies” focus on
experiments on transparency in frameworks that do not include instru-
ments for stabilizing the economy, this subsection is devoted to the few first
papers combining active stabilization with communication.
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Inflation targeting (IT) is a monetary policy strategy characterized by the
announcement of a target for inflation, a clear central bank’s mandate to
pursue inflation stabilization as the primary objective of monetary policy,
and a high level of transparency and accountability. Empirically, IT regimes
largely vary depending on the degree with which these criteria are applied
(Svensson, 2010) and the benefits of explicitly adopting an IT regime have
long been debated in the literature (see, e.g., Angeriz & Arestis, 2008; Ball &
Sheridan, 2005; Levin, Natalucci, & Piger, 2004; Roger, 2009; Roger &
Stone, 2005; to mention but a few).

Cornand and M’baye (2013) present a laboratory experiment framed as
a standard New Keynesian model that aims at testing the relevance of dif-
ferent IT regimes. More precisely, they examine the relevance of communi-
cating the target for the success of the IT strategy and evaluate how central
bank objectives matter for economic performances.

The model is based on three main equations: an aggregate demand equa-
tion (IS curve), a supply function (New Keynesian Phillips curve), and a
reaction function of the central bank (the interest rate rule). The experi-
ment consists of retrieving subjects’ inflation expectations in the lab, and
inserting them into the theoretical model to derive the current values of
inflation, output gap, and interest rate.*®

Participants had the task to forecast the next period’s inflation in each
of the 60 periods of a session. They were presented with the four main
macroeconomic variables: inflation, output gap, interest rate, and central
bank’s inflation target. They were informed that the actual values of infla-
tion and output gap mainly depend on stated expectations by all partici-
pants and were also affected by lagged output gap, small random shocks,
and (when applicable) the central bank’s inflation target. On their screens,
participants could observe time series of the first three variables up to the
current period. Participants’ payoffs were such that they got points when-
ever their forecast error was below 3%.

Four different treatments®’ were considered. First, implicit strict IT: the
central bank’s sole objective was to stabilize inflation, but the inflation tar-
get was not announced to the public. Second, explicit strict IT: the central
bank also had the sole objective to stabilize inflation and explicitly commu-
nicated its 5% target to forecasters. Third, implicit flexible IT: the central
bank had both an inflation and an output gap stabilization objective and
did not announce its target. And fourth, explicit flexible IT: the central
bank also had an inflation and an output gap stabilization objective and
explicitly communicated its target for inflation.
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Cornand and M’baye analyze the impact of individual behavior on
macroeconomic outcomes. They find that “if the central bank only cares
about inflation stabilization, announcing the inflation target does not make a
difference in terms of macroeconomic performance compared to a monetary
policy that follows the Taylor principle” (p. 2). However, if the central bank
has a double objective, communicating the target may reduce the volatilities
of inflation, interest rate, and output gap without affecting the average
levels of these variables. The first rationale is that communication reduces
agents’ uncertainty about policy objectives by clarifying these objectives. A
second reason is that a flexible IT regime seems more sensitive to fluctua-
tions in inflation forecasts than a strict IT regime and is less effective in
stabilizing the economy because subjects need more time to reach the target.
Hence, announcing the target is more helpful in reducing forecast errors.
Third, subjects tend to rely more on trend extrapolation in the implicit
flexible IT treatment than in the explicit flexible IT treatment. Trend extra-
polation requires more frequent and aggressive adjustments in the policy
instrument to mitigate the high volatility in inflation and output gap.

While Cornand and M’baye consider subjects only as price-setting firms,
Kryvtsov and Petersen (2013) analyze the role of central bank communica-
tion in a more macro experimental framework. One of the most important
contributions of Kryvtsov and Petersen is to introduce a measure of the
expectations channel of monetary policy. They demonstrate that public
announcements of interest rate forecasts may reduce the effectiveness of
monetary policy and increase macroeconomic fluctuations. More details
about this paper can be found in another article of this book (Assenza
et al., 2014).

POLICY IMPLEMENTATION

Monetary policy implementation has two dimensions that we distinguish
here: one is the particular strategy or policy rule by which the central bank
adjusts its instrument to observed data, the other dimension is the opera-
tional side of how open-market operations are conducted for providing
liquidity to the financial system. The ECB conducts weekly repo auctions,
while the U.S. Federal Reserve holds auctions on a daily basis. Commercial
banks’ liquidity demand depends on their refinancing needs and reveals
information about credit flows to the central bank. The market mechanism
is important in two ways: it should efficiently allocate liquidity and also
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aggregate information. Hence, an important question is how to actually
design these auctions. Auction design is a classical topic of experimental
economics®® and using experiments for bench testing auctions has become a
standard procedure.

We first review experiments dealing with the strategic dimension of
monetary policy rules (Section “Monetary Policy Rules”) before focusing
on the rare experiments that are especially designed for repo auctions
(Section “Repo Auctions”).

Monetary Policy Rules

Pfajfar and Zakelj (2014) analyze how effective different monetary policy
rules are in stabilizing inflation. They consider a reduced form of the New
Keynesian model®® with an IS curve, vi=—@(i,— E;zt;  1)+y,_1 +&, where i,
is the interest rate, z, denotes inflation, E,x, . 1 is the forecast made in period
t for period 7+ 1, y, is the output gap, g, is an exogenous shock, and ¢ is the
intertemporal elasticity of substitution in demand. The Phillips curve is
given by 7, =pEm, 1+ Ay, + u,.

Four treatments are distinguished depending on the considered mone-
tary policy rules. In three treatments Pfajfar and Zakelj employ inflation
forecast targeting, i,=y (E;mr,+1 —7)+ 7, with different specifications of
the parameter y (y = 1.5 in Treatment 1, y = 1.35 in Treatment 2, y = 4 in
Treatment 3). The fourth treatment implements contemporaneous IT,
i,=y (m,— @)+ 7 with y = 1.5. Target levels are denoted by 7. The experi-
ment consists in a simulated fictitious economy of nine agents, described by
the three equations above. For each period ¢, the participants receive a
table with past realizations of inflation, output gap, and interest rate. For
the first period, 10 initial values were generated by the computer under the
assumption of rational expectations. Subjects get a qualitative description
of the underlying model. Their task is to provide an inflation forecast for
period 7+ 1, and a 95% confidence interval around their prediction.

Fig. 3 presents a group comparison of expected inflation and realized
inflation by treatment. The authors show that amongst the rules targeting
inflation forecasts, a higher degree of monetary policy aggressiveness y
reduces the variability of inflation, but may lead to cycles. Contempora-
neous IT performs better than inflation forecast targeting with the same
degree of monetary policy aggressiveness.

Pfajfar and Zakelj also analyze how subjects form their expectations by
identifying different strategies and estimating the share of subjects who are
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Fig. 3. Group Comparison of Expected Inflation (Average Subject Prediction) and
Realized Inflation by Treatment. Source: Pfajfar and Zakelj (2014).

following these strategies. A significant share of subjects follow either a
trend extrapolation model for inflation or a general adaptive model, in
which the inflation forecast is a linear function depending on the three
macroeconomic variables of the last period.

Luhan and Scharler (2014) use a learning-to-optimize experiment
for analyzing the role of the Taylor principle. Their main result is that
violations of the Taylor principle need not be destabilizing, because subjects
use the nominal interest rate as a proxy for the real interest rate and may
reduce consumption demand in response to high nominal rates even if the
real rate has fallen. In their experiment, subjects play 20 rounds of a two-
period game. In each round, subjects decide how much of a given endow-
ment to consume and how much to save for consumption in the second
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period of the same round. The inflation rate in any round is determined by
subjects” consumption decisions in the previous round of the game.*
Savings yield an interest with a nominal rate that is determined by the cen-
tral bank in response to the inflation rate. If the central bank obeys the
Taylor principle, the real rate rises with increasing inflation. Theoretically,
this should induce lower consumption and, thereby lead to a lower inflation
rate in the next round. If the Taylor principle is violated, one should expect
the opposite response and the economy should converge to corner solutions
in which all subjects either consume their total endowment and inflation is
high or save it all and inflation is low.

Between treatments, Luhan and Scharler (2014) vary whether the central
bank obeys the Taylor principle or not and whether the current period’s
inflation rate is revealed to subjects before they decide or just ex post. Note
that in New Keynesian models, agents base their consumption decisions on
the real interest rate that consists of a known nominal and an expected, yet
unknown, future inflation. Thus, withholding information about the infla-
tion rate that is relevant for the current decision problem is the more rele-
vant case. Luhan and Scharler observe that mean inflation is close to the
target if the Taylor principle holds. If the Taylor principle is violated, and
inflation is known ex ante, inflation rates converge to either of the
extremes. But, if inflation is not revealed ex ante, average inflation rates are
more evenly distributed and close to the target in many economies. The
explanation is that many subjects do not learn the inflation dynamics
and take the nominal interest rate as a proxy for the real rate. If this
observation carries over to real economies, the central bank may be able to
stabilize inflation even when it violates the Taylor principle.

Amano, Engle-Warnick, and Shukayev (2011) examine how subjects
form expectations when a central bank changes from IT to price-level
targeting. The recent financial crisis casts doubt on the IT consensus.>' An
alternative approach — theoretically studied for example by Svensson
(2003) — is price-level targeting.”> While IT helps stabilizing inflation, it
does not correct for past deviations from the target, leaving some uncer-
tainty on the future level of prices: under IT, shocks to inflation may have a
permanent effect on the price level. Price-level targeting precisely aims at
bringing the price level back to the target after some deviation. In theory,
price-level targeting should generate more stable output and inflation
(Kahn, 2009).

However, price-level targeting remains largely untested in practice
and its efficacy rests on the assumption that “economic agents must forecast
inflation rationally (...) and in a manner consistent with the price-level
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targeting regime” (Amano et al., 2011, p. 1). In theory, price-level targeting
provides a better anchor to inflation expectations, which allows the central
bank to achieve greater stabilization of inflation and economic activity.

Amano et al. (2011) aim at evaluating whether economic agents under-
stand the implications of price-level targeting for the rate of inflation. They
analyze whether moving from IT to price-level targeting leads subjects to
adjust their inflation expectations in a manner consistent with price-level
targeting. They simulate a macroeconomic model with exogenous shocks in
which they consider two scenarios: one in which the central bank targets a
zero inflation rate; and a second in which the central bank targets a constant
price level. All subjects start out with IT for 20 periods (plus 20 practice
periods). Then half of all subjects are exposed to a regime with price-level
targeting. The screen shows them a history of inflation and aggregate price
levels from the past eight periods. Subjects’ task consists in predicting infla-
tion for the next period. Instructions clarify the role of the central bank:
under IT, the central bank is not concerned with the past price level; under
price-level targeting, the central bank acts to bring the price level to its con-
stant target. While subjects rely on past inflation only for predicting future
inflation rates under IT, they partially adjust their expectations in the direc-
tion implied by price-level targeting, when this policy becomes effective.
Thus, their expectations are qualitatively consistent with the regime switch
but not in quantities.

Marimon and Sunder (1995) compare different monetary rules in an
overlapping generations framework and analyze their influence on the sta-
bility of inflation expectations. In particular, they focus on the comparison
between Friedman’s k-percent money growth rule and a deficit rule where
the government fixes the real deficit and finances it by seigniorage. They
find little evidence that Friedman’s rule can help to coordinate agents’
beliefs and stabilize the economy. The inflation process might be even
more volatile when Friedman’s rule is announced. In unstable environ-
ments, subjects behave more in line with adaptive learning models instead
of forward looking rational expectations. Thus, a constant money growth
rate does not necessarily anchor inflation expectations. Bernasconi and
Kirchkamp (2000) conduct a similar analysis and find that the monetary
policy following Friedman’s rule reduces inflation volatility but also leads
to higher average inflation than a revenue equivalent deficit rule. The rea-
son is that subjects save too much and over-saving reduces inflation rates
under the deficit rule. The design of experiments on overlapping-
generations economies are described in more detail by Assenza et al. (2014)
in this volume.



Experiments on Monetary Policy and Central Banking 207

Repo Auctions

Ehrhart (2001) studies the fixed-rate tender mechanism used by the ECB
before June 27, 2000. According to this mechanism, the ECB was setting
an interest rate and a maximum amount of liquidity, while banks
announced how much liquidity they wanted to borrow at this rate (bids). If
the aggregate demand for liquidity exceeded the maximum, banks were
rationed proportionally. During the 18 months in which this mechanism
applied, the bids were exploding such that the allotment was finally below
1% of the bids. Banks exaggerated their demand for refinancing, because
they expected to be rationed. The problem associated with this strategic
response is that refinancing operations were also supposed to help the cen-
tral bank evaluate and plan monetary policy and it became difficult to
extract the relevant information about liquidity demand from this increas-
ing number of bids. The ECB, therefore, switched to an interest-rate tender
that does not suffer from possible bid explosions, but has the disadvantage
that it provides incentives for underbidding. In this context, Ehrhart (2001)
proposed an experiment aimed at evaluating whether and under which con-
ditions a fixed-rate tender leads to a strategic increase in bids and how this
affects the information content of these bids.

The experiment tests different fixed-rate tender games. Subjects play the
role of banks, while the central bank is automated. At the beginning of
each round, subjects were informed about the interest rate. The maximum
(“planned”) allotment is a random variable unknown to subjects when they
submitted their bids; they only knew the distribution of the maximum allot-
ment. They were aware of the proportional rationing mechanism and
observed on their screen the payoffs resulting from different allotments at
the current interest rate.

Treatments differ with respect to the interest rate and the distribution of
maximum allotment in order to evaluate the link between the maximum
allotment and the optimal demand. In Treatment 1, the expected maximum
allotment is set equal to the optimal demand, so that there is a unique equi-
librium in which demand is slightly higher than optimal. In Treatment 2,
the expected allotment is smaller than the optimal demand, but still allows
a larger than optimal allotment. Treatment 3 did not allow for the maxi-
mum allotment to be larger than the optimal demand. While the interest
rate is kept constant for the 20 rounds of the experiment in the first two
treatments, it changed from a low to a high level in Treatment 3 from
round 11 onwards. The games in Treatments 2 and 3 (first 10 rounds) have
no equilibrium in finite numbers, as banks would always try to overbid
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each other. The games in Treatments 1 and 3 (last 10 rounds) have a
unique equilibrium in which demand slightly exceeds the optimum.

The results show exploding bids in treatments without equilibrium, while
the bids were close to the equilibrium in Treatment 1. The sad news is that
for two out of six groups in Treatment 3, after playing 10 rounds of a game
without equilibrium, bids continued to explode in the second half of this
treatment. The bids grew to at least twice the equilibrium level in all six
groups. Thus, Ehrhart (2001) concludes that after a phase of continually
increasing bids, switching to an accommodative policy (game with a unique
equilibrium) need not stop the growth of bids beyond the equilibrium level.

Overall the experiment indicates that an explosive trend in bids cannot
be stopped just by changing the allotment rules or the equilibrium values.
Under a fixed-rate tender bids may remain uninformative, because bidders
may respond more to strategic considerations than to their own demand
conditions. In 2000, the ECB switched to an interest-rate tender with banks
bidding for different amounts at different interest rates, which reveals the
complete demand function and reduces the incentives for strategic bids.

MONETARY POLICY DURING LIQUIDITY CRISES

When an economy is on the brink of a currency or banking crises, central
banks may use their instruments to stabilize exchange rates or insert liquid-
ity for preventing bank runs. In these events, communication may have
effects that are quite distinct from its effects in normal times, because pure
liquidity crises are a phenomenon of equilibrium multiplicity. In this sec-
tion, we discuss some experiments on equilibrium multiplicity (Section
“Equilibrium Multiplicity”’) and show how interventions, but also informa-
tive and extraneous signals may affect the equilibrium selection (Sections
“Global Games” and “Sunspots”™).

Equilibrium Multiplicity

Many models in monetary macroeconomics suffer from multiple equilibria.
Here, theory cannot give a clear answer how changing exogenous variables
affects endogenous variables, because any change intended to improve the
fundamental conditions on financial markets may adversely affect expecta-
tions and lead to the opposite effect. Which out of many equilibria will be
played by real agents is ultimately an empirical question.
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Equilibrium Stability

In overlapping-generation models or DSGE models with long-run neutral-
ity of money, equilibrium multiplicity arises from indeterminate long-run
expectations. In these models, an equilibrium is a path (p,),—o, .. that
satisfies certain conditions and can usually be written as a function
PAPi—1s s Pi1s EdPi415--.5 D)) OT, in a reduced form, p,=AE(p;+1)). If
expectations are rational, a transversality condition fixing E(p.,) yields
uniqueness. Unfortunately, these transversality conditions are purely
mathematical and lack any microeconomic or behavioral justification. If
agents expect hyperinflation, the price level rises faster than for a bounded
inflation expectation, and the expectation of hyperinflation becomes self-
fulfilling. Note that a perfect foresight path reads p,=f{(p,, ) and adaptive
expectations of the form E/(p,,)=p,_1 yield p,=f(p,_1). The dynamic
properties are exactly reverted. If expectations are adaptive, the selected
path is determined by starting values that are inherited from the past and a
transversality condition is not needed.’® As price paths in the reduced-form
example take opposite directions depending on whether agents are looking
forward or backward, stability of equilibria is also reverted by using adap-
tive instead of rational expectations.

Stability of equilibria has been analyzed by Marimon and Sunder
(1993, 1994) with experiments on overlapping-generations economies. The
economies have two stationary equilibria, one is stable under rational
expectations, the other under adaptive expectations. The experiment shows
that the observed price paths tend toward the low-inflation equilibrium
that is stable under adaptive expectations. Adaptive learning models can
also explain most subjects’ expectations in experiments on DSGE models
(see Assenza et al., 2014, in this volume). However, subjects also switch
between different forecasting rules depending on the relative success of
these rules.

Financial Crises as Coordination Games

In financial crises, maturity or currency transformation makes borrowers
vulnerable to liquidity crises and speculative attacks out of self-fulfilling
beliefs. If depositors expect their bank to become illiquid, they withdraw
their funds, which reduces the bank’s liquidity. If traders expect devalua-
tion of a currency, they sell it and create an additional market pressure that
may force the central bank to devalue. The bank-run model by Diamond
and Dybvig (1983) is a perfect example. In order to prevent a bank run,
depositors must coordinate on rolling over. The common feature of these
models is that they are binary choice coordination games in which one
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action yields a higher return than the other if and only if sufficiently many
players choose this action.

The experimental literature on coordination games shows regular pat-
terns of behavior and also highlights that it can be extremely difficult to
achieve coordination on the efficient equilibrium (see Schotter and Sopher,
2007).

Global Games

Morris and Shin (1998, 2003) applied the theory of global games to a cur-
rency crisis model and demonstrated that the model has multiple equilibria
if the fundamentals of the economy are common knowledge amongst the
potential speculators, while there is a unique equilibrium if agents have pri-
vate information (PI) that is sufficiently precise compared to public infor-
mation. In this equilibrium, the central bank can actually reduce the
likelihood of speculative attacks by increasing the interest rate or imposing
capital controls. Heinemann (2000) showed that this also holds, when the
noise of private signals converges to zero. Using the same approach,
Heinemann and Illing (2002) argued that increasing transparency of gov-
ernment policy reduces the likelihood of speculative attacks. In a recent
paper, Morris and Shin (2014) apply global games also to a model of the
risk taking channel of monetary policy.

A global game is a coordination game with an additional state variable
where actions can be ordered such that higher actions are more profitable if
other agents choose higher actions or/and if the state variable has a higher
value. The state is random and its realization is not commonly known.
Instead, players receive private signals that are drawn independently around
the true state. The equilibrium of a global game is unique provided that the
noise in private signals is small. In equilibrium, agents follow threshold
strategies and switch to a higher action if their signal exceeds a certain thresh-
old. By letting the noise converge to zero, the global game selects a unique
threshold in the state space distinguishing games for which in equilibrium
(almost) all players chose the lower action from states in which they choose
the higher action. For a particular realization of the state variable, the global
game coincides with the original coordination game. Thus, for vanishing
noise in private signals, the global game selects a unique equilibrium in the
original coordination game. This limit point is called global-game selection.

Heinemann, Nagel, and Ockenfels (2004) tested the currency crisis model
by Morris and Shin (1998). Each session had 15 subjects who repeatedly
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chose between two actions A and B. Action A was a safe option, providing
a fixed payoff of T that was varied between treatments. Option B can be
interpreted as a speculative attack and gave a payoff R, provided that a suf-
ficient number of group members chose this action. The number of subjects
needed for the success of action B depended on R and another parameter
that was varied between treatments. R served as a state variable and was
randomly drawn for each decision situation. In treatments with common
information (CI), subjects were informed about R in each situation and
knew that the others were also informed. In treatments with PI, subjects
received noisy signals about R, where the noise terms were independent
between subjects. Theoretically, games with CI have multiple equilibria for
a wide range of realizations of R. Games with PI are global games that
always have a unique equilibrium.

Heinemann et al. (2004) observed that in all treatments, more than 90%
of all subjects were following threshold strategies, choosing B if and only if
their information about R exceeded a threshold. The percentage of thresh-
old strategies was about the same for CI and PI. Under both information
conditions, 87% of the data variation of group-specific thresholds could be
explained by parameters of the payoff function and there was no evidence
that CI led to a lower predictability of behavior that could be attributed to
the existence of multiple equilibria. Thus, the major conclusion from this
article is that even if information is public, subjects behave as if they receive
private signals. The numerical prediction of the theory of global games was
not generally supported. In most treatments, subjects deviated in the direc-
tion of more efficient strategies. However, the comparative statics of the
global-game equilibrium gave a perfect description of the qualitative
responses to changes in parameters of the payoff function. In sessions with
a higher payoff for the safe option or with a higher hurdle for success of
action B, the threshold to choosing B was higher.

There was one significant difference, though, between sessions with CI
and PI: under CI, thresholds were lower than in the otherwise equal treat-
ments with PI. In the interpretation, this means that speculative attacks are
more likely if payoffs are transparent. This result is in line with other
experiments on coordination games in which subjects are more inclined to
choose a risky option if they have better information about the potential
payoffs from this option.

Heinemann, Nagel, and Ockenfels (2009) conducted a similar experiment
in which subjects had to choose between a safe option A paying an amount
X with certainty, and an option B, paying an amount of 15 Euros, provided
that a fraction k of all group members decided for B in the same situation.
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Parameters X and k were varied between situations. They showed that beha-
vior could be described by an estimated global game in which subjects
behave as if they had only noisy private signals about the payoffs. The esti-
mated global game also had a descriptive power in out-of-sample predic-
tions. Subjects treated coordination games with multiple equilibria similar
to lottery choices, which indicates that strategic uncertainty can be modeled
by subjective probabilities for other players’ strategies. When subjects’
beliefs about others’ actions were elicited, the average stated probabilities
were surprisingly close to average behavior. The global-game selection for
diminishing noise of private signals was close to a best response to the
observed distribution of actions amongst players. This reveals that the
global-game selection can be used for individual advice to financial market
participants who are in a coordination-game situation.

Duffy and Ochs (2012) compare behavior in the experiment designed by
Heinemann et al. (2004) with treatments in which subjects decide sequen-
tially. In their experiment, 10 subjects are first informed about the realized
state either with CI or with PI. Subjects have 10 periods for choosing B.
Once they have chosen B, they cannot reverse their decision. In each per-
iod, subjects get informed about how many other group members have
chosen B before. This entry game resembles the dynamic nature of financial
crises that allows for herding and strategic entry. The game is repeated and
subjects converge to entering in the first period provided that the state is
above a group-specific threshold. The main conclusion of Duffy and Ochs
(2012, p. 97) is that “entry thresholds are similar between static and dynamic
versions of the same game.”

Qu (2014) extends a global game by introducing a communication stage
before the actual decisions are made. In a “Market” treatment, subjects may
trade contingent claims that pay one unit depending on whether the risky
action in stage 2 is successful or not. In a “Cheap Talk” treatment, subjects
send nonbinding announcements whether they intend to choose the risky
action. In the “Market” treatment prices are observed by all subjects and
aggregate PI about the fundamental state. In the “Cheap Talk” treatment,
subjects get to know how many subjects announced to take the risky action.
Market price and number of intended entries are public signals. Qu observes
that in both treatments subjects learn to condition their actions on the
respective public signal. However, with cheap talk subjects coordinate on
equilibria that are significantly more efficient than the equilibria achieved
with markets or in the one-stage baseline treatment.

For monetary policy, the most important conclusions from these experi-
ments are comparative statics and predictability of behavior. Subjects
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respond to changes in the payoff function in the direction that is predicted
by the global-game selection. Comparative statics follow the intuition — an
improvement of fundamentals makes financial crises less likely. CI about
fundamentals does not per se reduce the predictability of behavior, but is
possible to influence behavior by communication.

Sunspots

Even though predictability of behavior in coordination games seems to be
fairly high, there is always a range of parameter values for which these pre-
dictions are rather uncertain, even if the theory of global games is applied.
With positive noise of private signals, the theory of global games delivers
only a probability for a speculative attack being successful or a bank run to
occur. If this probability is close to 50%, this is a unique equilibrium, but
no reliable prediction for the final outcome. Arifovic and Jiang (2013) show
that in these critical cases, subjects may condition their actions on salient
but extrinsic signals. Their experiment implements a bank-run game, in
which 10 subjects repeatedly decide whether to withdraw funds from a
bank. Withdrawing yields a higher payoff than not withdrawing if and only
if a sufficient number e¢* of subjects withdraw. This critical number is varied
across treatments. In each period, subjects receive a random message that
may be either “The forecast is that e* or more people will choose to withdraw”
or “The forecast is that e* or less people will choose to withdraw.” All subjects
receive the same message and are informed that it is just randomly gener-
ated. If e¢* =1, subjects reliably converge to the bank-run equilibrium. If
e*=8, they coordinate on not running the bank. However, for an intermedi-
ate value e*=3, four out of six groups coordinate on a sunspot equilibrium,
in which they run the bank if and only if they receive the first message. This
result shows that behavior in coordination games may be unstable and
affected by messages that are not informative about agents’ payoffs.
Extrinsic events (“sunspots”) may affect behavior in experiments as has
been established by Marimon, Spear, and Sunder (1993) and Duffy and
Fisher (2005). In a pure coordination game, Fehr, Heinemann, and
Llorente-Saguer (2013) show that salient extrinsic messages can lead sub-
jects to condition their actions on these messages, even if no sunspot equili-
brium exists. In their experiment, subjects are matched in pairs and must
simultaneously choose a number from 0 to 100 inclusive. Their payoff only
depends on how close the chosen numbers are, the closer, the higher are
both players’ payoffs. Obviously, any number chosen by both players is an
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equilibrium. The game is repeated 80 times with subjects being randomly
matched each period. In this baseline treatment all groups of subjects con-
verge to choosing 50, which is the risk-dominant equilibrium. Fehr et al.
(2013) compare this with various sessions in which subjects receive public
or correlated private signals. These signals can be either 0 or 100. In a pub-
lic information treatment, both subjects in a match receive the same num-
ber. Here, they coordinate on choosing the action that is indicated by the
public signal 0 or 100. The signal works as a focal point and causes a sun-
spot equilibrium. If the two subjects receive signals that are not perfectly
aligned, their actions should not be affected by the signal, because there are
no sunspot equilibria. In the experiment, however, highly correlated private
signals had a significant effect on behavior. Four out of 12 groups in which
private signals were highly correlated even coordinated on non-equilibrium
strategies in which players chose at least 90 when the private signal was 100
and at most 10 for a private signal of 0. When public and private signals
were combined, the presence of private signals made half of the groups to
choose numbers closer to 50 than in the treatment with pure public signals.
This shows that private extrinsic signals may affect behavior even if this is
no equilibrium and they may reduce the impact of extrinsic public signals
that might otherwise cause sunspot equilibria.

Vranceanu, Besancenot, and Dubart (2013) analyze whether uninforma-
tive messages with a clear connotation can affect behavior in a global-game
environment. As in the work of Heinemann et al. (2009), subjects can
choose between a safe and a risky option, where the risky option yields
a higher payoff provided that sufficiently many group members decide for
it. They compare groups that before making their decisions, receive a
positive message with groups who receive a negative message. The positive
message reads “In a past experiment, subjects that had chosen the risky
option were satisfied with their choice.” The negative message: “In a past
experiment, subjects that had chosen the risky option were disappointed by
their choice.” The number of risky choices by subjects with the positive
message was higher than for subjects with negative messages. The differ-
ence is not significant at 5% but close to significant. The meaning of these
messages cannot be quantified and they give no clear recommendations
for behavior. However, they may raise or lower the subjective beliefs
for success of risky choices. The authors conclude that “rumors and other
uninformative messages can trigger illiquidity in asset markets” (Vranceanu
et al., 2013, p. 5).

Sunspot equilibria are equilibria in which strategies depend on extrinsic
signals that are unrelated to the players’ payoff functions. Any game with



Experiments on Monetary Policy and Central Banking 215

multiple equilibria also has sunspot equilibria, in which all agents coordi-
nate on playing a particular equilibrium for the respective realizations of
the random variable. Once agents are coordinated, the extrinsic signal
selects the equilibrium. Agents condition choices on the realization of an
extrinsic signal. The experimental evidence indicates that in games with
strategic complementarities, chosen actions are rather sensitive to extrinsic
signals. The reason may be that any message with a connotation that refers
to a higher strategy, provides an incentive to raise one’s own strategy if one
believes that others might be affected by the message.

CONCLUDING REMARKS AND OPEN ISSUES FOR
FUTURE RESEARCH

This article provides a survey of applications of experimental macroeco-
nomics to central banking issues. We have argued that experiments are
helpful to better understand the channels by which monetary policy affects
decisions, the impacts of different communication strategies, and for bench-
testing monetary policy rules. We hope this article also contributes to a bet-
ter understanding of the prospects (especially policy implications) and lim-
itations of the use of experiments in monetary policy and central banking.

We view laboratory experiments as complementary to other methods
used in macroeconomic research. Replication of an experiment is possible
so that many economies with the same patterns can be created and allows
multiple observations, which is necessary for testing theories. Although the
created economies are synthetic, they can preserve the main features of a
real economy and allow answering specific research questions. Experiments
are particularly useful in testing responses to incentives, formation of
expectations, effects of communication and information, and equilibrium
selection.

We now suggest some avenues for future research where macro experi-
ments could be useful. In Fig. 4, shaded arrows indicate some topics that
could benefit from experimental analysis. These topics are largely inspired
from the discussions about monetary policy tools and strategies during and
after the recent financial crisis. Indeed, the global financial crisis has recast
the debate about the roles and objectives of central banking.

Regarding objectives and institutions, it would be useful to analyze how
government debt and political pressures may affect the objectives of central
banks. Games of political economy can and have been tested in the lab.
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Central bank independence and its pursuit of inflation stabilization may be
compromised by debt, fiscal and political pressures, especially in an era of
bank distress and sovereign debt problems. The credibility of the inflation
objective relies on central bank independence. To what extent may political
pressures force the central bank to deviate from stabilizing inflation? A
related issue regards the possible time inconsistency of monetary policy.
While we described some experiments related to the inflation bias of con-
ventional policy, there is no work yet analyzing the time inconsistency of
exiting unconventional monetary policy after a crisis. The issue is dawning
on the horizon.

How well do central bankers manage several objectives with a single
instrument and to what extent should central banks rely on market forces
and automatic stabilizers? Experiments can offer an appropriate framework
to treat these issues. The experiments of Engle-Warnick and Turdaliev
(2010) and Duftfy and Heinemann (2014) could be starting points with
which these questions can be dealt with. How challenging is it for experi-
mental central bankers to stabilize an economy when these objectives are
competing? Think about stability of inflation and exchange-rates. Do sub-
jects manage to find simple heuristics or rules to deal with these objectives
or do they lose control?

Channels of monetary policy need to be better researched also by experi-
ments. DSGE models already borrow heavily from behavioral economics
by including habit formation, limited capacities of information processing
or particular assumptions about risk aversion. Loss aversion can be
included in modeling the monetary transmission channel and debt aversion
matters as soon as one accounts for the heterogeneity of consumers.**

Another issue related to central bank objective is the relationship
between price stability and financial stability. The crisis has shown that the
traditional separation between a monetary authority targeting price stabi-
lity and regulatory authorities targeting financial stability independently is
no longer viable. More experimental research is needed for analyzing how
rules of monetary policy and financial regulation interact in containing
asset-price bubbles.?”> A recent paper by Guisti, Jiang, and Xu (2012) makes
a step in this direction. It shows that bubbles disappear with high interest
rates in an experimental asset market. Fixing the dividend process and
terminal value of the asset, the time trend of the fundamental value of the
asset becomes positive with a high interest rate and subjects are more likely
to follow the fundamental value.

While Giusti et al. (2012) only study the impact of a constant interest
rate, Fischbacher, Hens and Zeisberger (2013) implement a rule by which
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the interest rate is positively related to asset prices. The authors observe
only a minor impact of the rule on the size of bubbles, which indicates that
opportunity cost for speculative trades are not a powerful instrument to
contain speculation. Expected liquidity restrictions, instead, seem to have
stronger effects on the size of bubbles.

Another interesting issue would be to test whether specific forms of
macro-prudential regulation achieve stability of asset prices and inflation
simultaneously or whether there are inherent conflicts between these goals.
One could also test the impact of macro-prudential equity or liquidity
ratios on financial stability. The lab offers an environment for testing
alternative macro-prudential tools. A large variety of instruments have
been considered (see, e.g., Shin, 2011) to limit pro-cyclicality of the finan-
cial system. While real data only give examples, in the lab one could test
the effectiveness of countercyclical capital requirements or time-varying
reserve requirements systematically. Jeanne and Korinek (2012) propose a
model of crisis occurring under financial liberalization, in which they evalu-
ate the effect of macro-prudential regulation in terms of the reduction of
crisis occurrence and increase in growth. Such a model could serve as a
basis to construct an experimental environment in which one could test
alternative measures.

One of the biggest advantages of laboratory experiments is the experimen-
ter’s control on subjects’ information. In the aftermath of the crisis, commu-
nication and forward guidance have gained in importance. A pressing
question is how central banks can achieve negative real interest rates that are
desired in a liquidity trap. The central bank must coordinate expectations on
a positive long-run inflation target, but private agents must also apply back-
ward induction as in the Cagan (1956) model of the price level. With purely
adaptive expectations, it may be impossible to leave a liquidity trap.

The last issue also highlights that traditional monetary policy instru-
ments may become ineffective during or after a financial crisis, justifying
the use of unconventional policy measures (as, e.g., quantitative easing or
credit easing). Because these measures are adopted under particular circum-
stances, real data only provide very specific illustrations of their effects.
Instead, experiments can offer a way to study more systematically their
implementation and isolate their effects in the lab.

A related, but more general question is linked to equilibrium indetermi-
nacy in DSGE-models with long-run neutrality of money. While models
usually apply a transversality condition to establish uniqueness, experi-
ments can be used to analyze under which conditions the equilibrium
selected by the transversality condition is most likely to occur.
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NOTES

1. In fact, experiments are already used as a policy tool to design regulated mar-
kets for utilities and auction schemes (Ricciuti, 2008).

2. “A common argument of skeptics against the use of laboratory experiments
(...) as a policy advice instrument (...) is its supposed lack of external validity. (...)
[1]f regularities observed in the laboratory do not carry over to the field, any conclu-
sions and policy advice (...) could be dangerously misleading” (Riedl, 2010, p. 87). In
research that is concerned with policy advice, laboratory experiments should be
viewed as an important complementary research method. “In the ideal case, an eco-
nomic policy reform is evaluated with all possible scientific methods before a political
decision is made. That is, theoretically, experimentally in the lab- and the field, and
with traditional applied econometrics” (Riedl, 2010, p. 88). Since field experiments
are difficult to pursue in central banking, lab experiments gain importance. For a
general discussion of external validity, see for example Druckman and Kam (2011)
or Kessler and Vesterlund (2014).

3. This figure — as well as Fig. 4 — is inspired from Geraats (2002, Fig. 1).

4. In particular, Woodford (2003) has stressed the importance of managing
expectations for the conduct of monetary policy. Laboratory experiments are
appropriate to improve our understanding of the relationships between monetary
policy, agents’ expectations, and equilibrium outcomes as the underlying model can
be kept under control and expectation formation processes are observable.
Hommes (2011) gives a literature review of laboratory experiments that can be
used to “validate expectations hypotheses and learning models” (p. 3). He is parti-
cularly interested in the role of heterogeneity in expectations and discusses learning
to forecast experiments in order to find a general theory of heterogeneous
expectations.

5. In Treatments NH and RH, the number of periods T was set to 20, in NC
and RC, T=10.

6. For further examples see Heemeijer, Hommes, Sonnemans, and Tuinstra
(2009) or Bao, Hommes, Sonnemans, and Tuinstra (2012).

7. See Sutan and Willinger (2009) for an experiment on guessing games with
positive and negative feedback. They show that levels of reasoning are about the
same in both environments but lead to faster convergence towards equilibrium in
the environment with strategic substitutes (negative feedback).

8. The frequently assumed constant probability of updating prices or informa-
tion is of course a technical simplification that cannot be justified by micro-
foundation if inflation rates are volatile or if the probability of shocks varies over
time.

9. The second treatment variable concerns the degree of product differentiation.

10. Fréchette (2009) surveys 13 studies that compare experiments with students
and professionals. Most of these experiments are close to financial-market or man-
agement decisions. He summarizes that in 9 out of the 13 experiments there are no
differences in behavior between subject pools that would lead to different
conclusions.

11. Actually, Arifovic and Sargent (2003) set a maximum length of 100 periods
to avoid that a game exceeds the maximum time for which subjects were invited.
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12. In fact, many experimental papers in macro — mentioned all along this
paper — present contextualized experiments, in which subjects are confronted with
variables like employment, wages, or inflation, rather than formulating them in
an abstract manner. The context may be responsible for some biases in observed
behavior, because subjects may be affected by value judgments or by experience
from real data of their own economy (e.g., when asked for inflation expectations).
For avoiding this, some papers — as those of Duffy and Heinemann (2014) and
Engle-Warnick and Turdaliev (2010) — design experiments in an abstract way with
neutral framing.

13. The same principle was simultaneously discovered by Henderson and
McKibbin (1993).

14. Subjects are classified as being successful if they achieved positive payoffs.

15. Taylor (1999) uses linear rules with only two explanatory variables and finds
an R? of 0.58 for the period 1954—1997.

16. These experiments implement New Keynesian dynamic stochastic general
equilibrium (DSGE) models in the laboratory. Even though they are much simpler
than the real economy, these large-scale experimental economies have a “proper”
macro content. As already discussed, DSGE models represent the workhorse of
current monetary policy analysis. As explained by Noussair, Pfajfar, and Zsiros
(2014, pp. 71—108), “the objective is to create an experimental environment for the
analysis of macroeconomic policy questions.” In this respect, it is important to study
“whether a number of empirical stylized facts can be replicated in (...) experimental
economies”.

17. See for example, the work of Bosch-Domenech and Silvestre (1997)
who show that raising the credit levels has real effects when credit constraints are
binding, but only leads to inflation when a large quantity of credit is available.

18. Petersen (2012) also uses a DSGE experiment for studying how households
and firms respond to monetary shocks.

19. Lombardelli, Proudman, and Talbot (2005) replicate the work of Blinder and
Morgan (2005) at the London School of Economics and Political Sciences.

20. ECB’s rotation system will be effective, once the number of members exceeds
18, which is expected to happen in 2015, when Lithuenia joins the Euro.

21. Geraats (2009) provides an overview of recent changes in central bank
communication practices.

22. Compared to the model of Morris and Shin (2002), Cornand and Heinemann
(2014) required the number of players to be finite and also changed the distributions
of the signals from normal to uniform in order to have a simple distribution with
bounded support for the experiment. Moreover, while in the work of Morris and
Shin the coordination part is a zero-sum game (so that aggregate welfare depends
only on the distance between actions and fundamental state), Cornand and
Heinemann change the utility function to make subjects’ tasks simpler without
affecting equilibrium behavior.

23. There is no direct experimental evidence for this claim, yet.

24. See, for example, Plott and Sunder (1982, 1988) and Sunder (1992). Plott
(2002) and Sunder (1995) provide surveys of this literature.

25. This result should be taken into account with care. As the authors argue, while
prices that outperform public information show that private information is being
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impounded into the prices, the reverse is not true: supply will always contribute to
market errors. “Even when the market price reflects both public and private informa-
tion, the effect of the random supply can still result in prices that are less predictive of
the payout than public information alone” (Middeldorp & Rosenkranz, 2011, p. 26).

26. The paper is closely related to the learning to forecast experiments and
especially the works of Pfajfar and Zakelj (2014) and Assenza, Heemeijer, Hommes,
and Massaro (2011): they use the same model and the results come from agents’
inflation expectations. However, while these two papers study agents’ inflation
expectations formation process and its interplay with monetary policy in stabilizing
inflation, Cornand and M’baye focus on the role of announcing the inflation target
on agents’ inflation expectations and on macroeconomic outcomes. They also con-
sider a different reaction function for the central bank (allowing for output gap
stabilization).

27. For each treatment, there were four sessions with six subjects each.

28. See Kagel (1995).

29. Assenza et al. (2011) focus on the analysis of switching between different
rules. They show that an aggressive monetary policy described by a Taylor-type
interest rate rule that adjusts the interest rate more than one point for one in
response to inflation is able to stabilize heterogencous expectations.

30. The time structure in this experiment is a clever experimental design that pre-
serves stationarity of the environment and still allows inter-temporal feedback effects.

31. Starting with New Zealand in 1990, the use of IT by central banks has
increased over time. IT is now implemented by more than 25 central banks around
the world.

32. “Under a price-level target, a central bank would adjust its policy instrument —
typically a short-term interest rate — in an effort to achieve a pre-announced level of a
particular price index over the medium term. In contrast, under an inflation target, a
central bank tries to achieve a pre-announced rate of inflation — that is, the change in
the price level — over the medium term” Kahn (2009, p. 35).

33. Benhabib, Schmitt-Grohé, and Uribe (2002) introduce yet another source of
indeterminacy. They show that the response function of monetary policy has two
intersections with the Phillips curve relationship, because monetary response is
restricted by the zero-lower bound on nominal interest rates. The equilibrium at
zero interest is the liquidity trap.

34. Ahrens, Pirschel and Snower (2014) show how loss aversion affects the price
adjustment process. Meissner (2013) provides experimental evidence for debt
aversion.

35. Following Smith, Suchanek, and Williams (1988), there is a vast literature
showing that speculative behavior may lead to bubbles and crashes (see Camerer &
Weigelt, 1993). See also Palan (2013).

ACKNOWLEDGMENT

We would like to thank the Editor John Duffy, Andreas Orland and Stefan
Palan for helpful comments on earlier drafts.



222 CAMILLE CORNAND AND FRANK HEINEMANN

REFERENCES

Ackert, L., Church, B., & Gillette, A. (2004). Immediate disclosure or secrecy? The release
of information in experimental asset markets. Financial Markets, Institutions and
Instruments, 13(5), 219—243.

Adam, K. (2007). Experimental evidence on the persistence of output and inflation. Economic
Journal, 117, 603—635.

Ahrens, S., Pirschel, 1., & Snower, D. (2014). A4 theory of price adjustment under loss aversion.
Centre for Economic Policy Research Discussion Paper No. 9964. London.

Alfarano, S., Morone, A., & Camacho, E. (2011). The role of public and private information in
a laboratory financial market. Working Papers Series AD 2011-06. Instituto
Valenciano de Investigaciones Economicas, S.A. (Ivie).

Amano, R., Engle-Warnick, J., & Shukayev, M. (2011). Price-level targeting and inflation
expectations: Experimental evidence. Bank of Canada Working Paper No. 2011-18.
Ottawa.

Angeriz, A., & Arestis, P. (2008). Assessing inflation targeting through intervention analysis.
Oxford Economic Papers, 60,293—317.

Arifovic, J., & Jiang, J. H. (2013). Experimental evidence of sunspot bank runs. Mimeo Bank of
Canada.

Arifovic, J., & Sargent, T. J. (2003). Laboratory experiments with an expectational Phillips
curve. In D. E. Altig & B. D. Smith (Eds.), Evolution and procedures in central banking.
Cambridge, MA: Cambridge University Press.

Assenza, T., Bao, T., Hommes, C., & Massaro, D. (2014). Experiments on expectations in
macroeconomics and finance. In R. Mark Isaac, D. Norton, & J. Duffy (Eds.),
Experiments in macroeconomics (Vol. 17, pp. 11—70). Research in Experimental
Economics. Bingley, UK: Emerald Group Publishing Limited.

Assenza, T., Heemeijer, P., Hommes, C., & Massaro, D. (2011). Individual expectations
and aggregate macro behavior. CeNDEF Working Paper No. 2011-01. University of
Amsterdam.

Baeriswyl, R., & Cornand, C. (2014). Reducing overreaction to central banks
disclosure: Theory and experiment. Journal of the European Economic Association, 12,
1087—1126.

Ball, L., & Sheridan, N. (2005). Does inflation targeting matter? In B. Bernanke &
M. Woodford (Eds.), The inflation targeting debate (pp. 249—276). Chicago: University
of Chicago Press.

Bao, T., Hommes, C., Sonnemans, J., & Tuinstra, J. (2012). Individual expectations, limited
rationality and aggregate outcomes. Journal of Economic Dynamics and Control, 36,
1101—-1120.

Barro, R., & Gordon, D. (1983a). A positive theory of monetary policy in a natural rate
model. Journal of Political Economy, 91, 589—610.

Barro, R., & Gordon, D. (1983b). Rules, discretion and reputation in a model of monetary
policy. Journal of Monetary Economics, 12, 101—121.

Benhabib, J., Schmitt-Grohé, S., & Uribe, M. (2002). Avoiding liquidity traps. Journal of
Political Economy, 110, 535—563.

Bernasconi, M., & Kirchkamp, O. (2000). Why do monetary policies matter? An experimental
study of saving and inflation in an overlapping generations model. Journal of Monetary
Economics, 46, 315—343.



Experiments on Monetary Policy and Central Banking 223

Blinder, A. S., & Morgan, J. (2005). Are two heads better than one? Monetary policy by
committee. Journal of Money, Credit, and Banking, 37, 789—812.

Blinder, A. S., & Morgan, J. (2008). Leadership in groups: A monetary policy experiment.
International Journal of Central Banking, 4(4), 117—150.

Blinder, A. S., & Wyplosz, C. (2005, January). Central bank talk: Committee structure and
communication policy. ASSA meetings, Philadelphia.

Bosch-Domenech, A., & Silvestre, J. (1997). Credit constraints in a general equilibrium:
Experimental results. Economic Journal, 107, 1445—1464.

Bosman, R., Maier, P., Sadiraj, V., & van Winden, F. (2013). Let me vote! An experimental
study of the effects of vote rotation in committees. Journal of Economic Behavior and
Organization, 96(C), 32—47.

Cagan, P. (1956). The monetary dynamics of hyperinflation. In M. Friedman (Ed.), Studies in
the quantity theory of money. Chicago: University of Chicago Press.

Calvo, G. (1983). Staggered prices in a utility maximizing framework. Journal of Monetary
Economics, 12, 383—398.

Camerer, C., & Weigelt, K. (1993). Convergence in experimental double auctions for stochasti-
cally lived assets. In D. Friedman & J. Rust (Eds.), The double auction market:
Theories, institutions and experimental evaluations (pp. 355—396). Redwood City, CA:
Addison-Wesley.

Caplin, A., & Dean, M. (2013). Behavioral implications of rational inattention with Shannon
entropy. NBER Working Paper No. 19318. Cambridge, MA.

Caplin, A., & Dean, M. (2014). Revealed preference, rational inattention, and costly information
acquisition. NBER Working Paper No. 19876. Cambridge, MA.

Cheremukhin, A., Popova, A., & Tutino, A. (2011). Experimental evidence on rational inatten-
tion. Working Paper 1112, Federal Reserve Bank of Dallas.

Cornand, C., & Heinemann, F. (2008). Optimal degree of public information dissemination.
Economic Journal, 118, 718—742.

Cornand, C., & Heinemann, F. (2013). Limited higher order beliefs and the welfare effects of
public information. Mimeo.

Cornand, C., & Heinemann, F. (2014). Measuring agents’ overreaction to public information
in games with strategic complementarities. Experimental Economics, 17, 61—77.

Cornand, C., & M’baye, C. K. (2013). Does inflation targeting matter? An experimental investi-
gation. Working paper GATE 2013—30. Université de Lyon, Lyon.

Croson, R. (2010). The use of students as participants in experimental research. Behavioral
Operations Management Discussion Forum. Retrieved from http://www.informs.org/
Community/BOM/Discussion-Forum.

Dale, D. J., & Morgan, J. (2012). Experiments on the social value of public information. Mimeo.
Davis, D., & Korenok, O. (2011). Nominal price shocks in monopolistically competitive
markets: An experimental analysis. Journal of Monetary Economics, 58, 578—589.
Diamond, D. W. (1985). Optimal release of information by firms. Journal of Finance, 40,

1071-1094.

Diamond, D. W., & Dybvig, P. H. (1983). Bank runs, deposit insurance, and liquidity. Journal
of Political Economy, 91, 401—419.

Druckman, J. N., & Kam, C. D. (2011). Students as experimental participants: A defense of the
“narrow data base”. In D. P. Green, J. H. Kuklinski, & A. Lupia (Eds.), Cambridge
handbook of experimental political science. New York, NY: Cambridge University Press.

Duersch, P., & Eife, T. (2013). Price competition in an inflationary environment. Mimeo.


http://www.informs.org/Community/BOM/Discussion-Forum
http://www.informs.org/Community/BOM/Discussion-Forum

224 CAMILLE CORNAND AND FRANK HEINEMANN

Dufty, J. (1998). Monetary theory in the laboratory. Federal Reserve Bank of St. Louis Review,
September—October, pp. 9-26.

Duffy, J. (2008a). Macroeconomics: A survey of laboratory research. Working Papers 334,
Department of Economics, University of Pittsburgh.

Dufty, J. (2008b). Experimental macroeconomics. In S. N. Durlauf & L. E. Blume (Eds.), The
New Palgrave dictionary of economics (2nd ed.). New York, NY: Palgrave Macmillan.

Duffy, J., & Fisher, E. (2005). Sunspots in the laboratory. American Economic Review, 95,
510—529.

Duffy, J., & Heinemann, F. (2014). Central bank reputation, transparency and cheap talk as
substitutes for commitment: Experimental evidence. Working Paper, Mimeo, Technische
Universitdt Berlin, Berlin.

Duffy, J., & Ochs, J. (2012). Equilibrium selection in static and dynamic entry games. Games
and Economic Behavior, 76, 97—116.

Ehrhart, K. M. (2001). European central bank operations: Experimental investigation of the
fixed rate tender. Journal of International Money and Finance, 20, 871—893.

Engle-Warnick, J., & Turdaliev, N. (2010). An experimental test of Taylor-type rules with
inexperienced central bankers. Experimental Economics, 13, 146—166.

Fehr, D., Heinemann, F., & Llorente-Saguer, A. (2013). The power of sunspots. Working
Paper, SFB 649 Discussion Paper 2011-070, Berlin.

Fehr, E., & Tyran, J.-R. (2001). Does money illusion matter? American Economic Review, 91,
1239—-1262.

Fehr, E., & Tyran, J.-R. (2005). Individual irrationality and aggregate outcomes. Journal of
Economic Perspectives, 19, 43—66.

Fehr, E., & Tyran, J.-R. (2008). Limited rationality and strategic interaction: The impact of
the strategic environment on nominal inertia. Econometrica, 76, 353—394.

Fehr, E., & Tyran, J.-R. (2014). Does money illusion matter?: Reply. American Economic
Review, 104, 1063—1071.

Fischbacher, U., Hens, T., & Zeisberger, S. (2013). The impact of monetary policy on stock
market bubbles and trading behavior: Evidence from the lab. Journal of Economic
Dynamics and Control, 37, 2104—2122.

Fréchette, G. (2009). Laboratory experiments: Professionals versus students. Mimeo, New York
University.

Geraats, P. M. (2002). Central bank transparency. Economic Journal, 112, F532—F565.

Geraats, P. M. (2007). The Mystique of central bank speak. International Journal of Central
Banking, 3, 37—80.

Geraats, P. M. (2009). Trends in monetary policy transparency. International Finance, 12,
235-268.

Giusti, G., Jiang, J. H., & Xu, Y. (2012). Eliminating laboratory asset bubbles by paying interest
on cash. Mimeo Bank of Canada.

Heemeijer, P., Hommes, C. H., Sonnemans, J., & Tuinstra, J. (2009). Price stability and
volatility in markets with positive and negative expectations feedback: An experimental
investigation. Journal of Economic Dynamics and Control, 33, 1052—1072.

Heinemann, F. (2000). Unique equilibrium in a model of self-fulfilling currency attacks:
Comment. American Economic Review, 90, 316—318.

Heinemann, F., & lIlling, G. (2002). Speculative attacks: Unique sunspot equilibrium and
transparency. Journal of International Economics, 58, 429—450.

Heinemann, F., Nagel, R., & Ockenfels, P. (2004). The theory of global games on test:
Experimental analysis of coordination games with public and private information.
Econometrica, 72, 1583—1599.



Experiments on Monetary Policy and Central Banking 225

Heinemann, F., Nagel, R., & Ockenfels, P. (2009). Measuring strategic uncertainty in coordi-
nation games. Review of Economic Studies, 76, 181—221.

Henderson, D. W., & McKibbin, W. J. (1993). A comparison of some basic monetary
policy regimes for open economies: implications of different degrees on instrument
adjustment and wage persistence. Carnegie-Rochester Conference Series on Public
Policy, 39,221-317.

Hommes, C. H. (2011). The heterogeneous expectations hypothesis: Some evidence from the
lab. Journal of Economic Dynamics and Control, 35, 1-24.

James, J., & Lawler, P. (2011). Optimal policy intervention and the social value of public infor-
mation. American Economic Review, 101, 1561—1574.

Jeanne, O., & Korinek, A. (2012). Managing credit booms and busts: A Pigouvian taxation
approach. NBER Working Papers 16377, National Bureau of Economic Research, Inc.

Kagel, J. H. (1995). Auctions: A survey of experimental research. In J. H. Kagel & A. E.
Roth (Eds.), The handbook of experimental economics. Princeton: Princeton University
Press.

Kahn, G. A. (2009). Beyond inflation targeting: Should central banks target the price level?
Federal Reserve Bank of Kansas City Economic Review, third quarter, 35—64.

Kessler, J., & Vesterlund, L. (2014). The external validity of laboratory experiments.: Qualitative
rather than quantitative effects. Mimeo, Wharton University of Pennsylvania.

Kool, C., Middeldorp, M., & Rosenkranz, S. (2011). Central bank transparency and the
crowding out of private information in financial markets. Journal of Money, Credit and
Banking, 43, 765—774.

Kryvtsov, O., & Petersen, L. (2013). Expectations and monetary policy: Experimental evidence.
Bank of Canada and Simon Fraser University. Ottawa: Bank of Canada Working Paper
2013-44.

Kydland, F. E., & Prescott, E. C. (1979). Rules rather than discretion: The inconsistency of
optimal plans. Journal of Political Economy, 85, 473—492.

Lambsdorff, J. G., Schubert, M., & Giamattei, M. (2013). On the role of heuristics —
Experimental evidence on inflation dynamics. Journal of Economic Dynamics and
Control, 37, 1213—1229.

Levin, A., Natalucci, F., & Piger, J. (2004). The macroeconomic effects of inflation targeting.
Federal Reserve Bank of St. Louis Review, 86, 51—80.

Lian, P., & Plott, C. (1998). General equilibrium, markets, macroeconomics and money in a
laboratory experimental environment. Economic Theory, 12, 21-75.

Lombardelli, C., Proudman, J., & Talbot, J. (2005). Committees versus individuals: An experi-
mental analysis of monetary policy decision making. International Journal of Central
Banking, 1, 181—-205.

Luhan, W. J., & Scharler, J. (2014). Inflation illusion and the Taylor principle: An experimen-
tal study. Journal of Economic Dynamics and Control, 45, 94—110.

Mackowiak, B., & Wiederholt, M. (2009). Optimal sticky prices under rational inattention.
American Economic Review, 99, 769—803.

Maier, P. (2010). How central banks take decisions: An analysis of monetary policy meetings.
In P. Siklos, M. Bohl, & M. Wohar (Eds.), Challenges in central banking: The current
institutional environment and forces affecting monetary policy. New York, NY:
Cambridge University Press.

Mankiw, G., & Reis, R. (2002). Sticky information versus sticky prices: A proposal to replace
the New Keynesian Phillips curve. Quarterly Journal of Economics, 117, 1295—1328.



226 CAMILLE CORNAND AND FRANK HEINEMANN

Marimon, R., Spear, S. E., & Sunder, S. (1993). Expectationally driven market volatility:
An experimental study. Journal of Economic Theory, 61, 74—103.

Marimon, R., & Sunder, S. (1993). Indeterminacy of equilibria in a hyperinflationary world:
Experimental evidence. Econometrica, 61, 1073—1107.

Marimon, R., & Sunder, S. (1994). Expectations and learning under alternative monetary
regimes: An experimental approach. Economic Theory, 4, 131—162.

Marimon, R., & Sunder, S. (1995). Does a constant money growth rule help stabilize inflation:
Experimental evidence. Carnegiec — Rochester Conference Series on Public Policy, 45,
111-156.

Meissner, T. (2013). Intertemporal consumption and debt aversion: An Experimental Study. SFB
649 Discussion Paper No. 2013-045. Berlin.

Middeldorp, M., & Rosenkranz, S. (2011). Central bank transparency and the crowding out of
private information in an experimental asset market. Federal Reserve Bank of New York
Staff Reports No. 487, March 2011.

Morris, S., & Shin, H. S. (1998). Unique equilibrium in a model of self-fulfilling currency
attacks. American Economic Review, 88, 587—597.

Morris, S., & Shin, H. S. (2002). Social value of public information. American Economic
Review, 92, 1522—1534.

Morris, S., & Shin, H. S. (2014). Risk-taking channel of monetary policy: A global game
approach. Working Paper. Mimeo, Princeton University.

Nagel, R. (1995). Unraveling in guessing games: An experimental study. American Economic
Review, 85, 1313—1326.

Noussair, C. N., Pfajfar, D., & Zsiros, J. (2014). Persistence of shocks in an experimental
dynamic stochastic general equilibrium economy. In R. Mark Isaac, D. Norton, &
J. Dufty (Eds.), Experiments in macroeconomics (Vol. 17, pp. 71—108). Research in
Experimental Economics. Bingley, UK: Emerald Group Publishing Limited.

Orland, A., & Roos, M. W. (2013). The new Keynesian Phillips curve with myopic agents.
Journal of Economic Dynamics and Control, 37, 2270—2286.

Palan, S. (2013). A review of bubbles and crashes in experimental asset markets. Journal of
Economic Surveys, 27, 570—588.

Petersen, L. (2012). Nonneutrality of money, preferences and expectations in laboratory
new Keynesian economies. SIGFIRM Working Paper No. 8, University of California,
Santa Cruz.

Petersen, L., & Winn, A. (2014). Does money illusion matter?: Comment. American Economic
Review, 104, 1047—1062.

Pfajfar, D., & Zakelj, B. (2014). Experimental evidence on inflation expectation formation.
Journal of Economic Dynamics and Control, 44, 147—168.

Plott, C. R. (2002). Markets as information gathering tools. Southern Economic Journal, 67,
1-15.

Plott, C. R., & Sunder, S. (1982). Efficiency of controller security markets with insider infor-
mation: An application of rational expectation models. Journal of Political Economy,
90, 663—698.

Plott, C. R., & Sunder, S. (1988). Rational expectations and the aggregation of diverse infor-
mation in laboratory security markets. Econometrica, 56, 1085—1118.

Qu, H. (2014). How do market prices and cheap talk affect coordination. Journal of
Accounting Research, 51, 1221—1260.



Experiments on Monetary Policy and Central Banking 227

Ricciuti, R. (2008). Bringing macroeconomics into the lab. Journal of Macroeconomics, 30,
216—237.

Riedl, A. (2010). Behavioral and experimental economics do inform public policy. Finanzarchiv,
66, 65—95.

Roger, S. (2009). Inflation targeting at 20: Achievements and Challenges. Technical Report,
IMF Working Paper 09/236. International Monetary Fund.

Roger, S., & Stone, M. (2005). On target? The international experience with achieving inflation
targets. Technical Report, IMF Working Paper No. 05/163, International Monetary
Fund.

Schotter, A., & Sopher, B. (2007). Advice and behavior in intergenerational ultimatum games:
An experimental approach. Games and Economic Behavior, 58, 365—393.

Shapiro, D., Shi, X., & Zillante, A. (2014). Level-k reasoning in generalized beauty contest.
Games and Economic Behavior, 86, 308—329.

Shin, H. S. (2011). Macroprudential policies beyond Basel III. BIS Working Paper No. 60,
Basel.

Smith, V. L., Suchanek, G. L., & Williams, A. W. (1988). Bubbles, crashes, and endogenous
expectations in experimental spot asset markets. Econometrica, 56, 1119—1151.

Sunder, S. (1992). Market for information: Experimental evidence. Econometrica, 60,
667—695.

Sunder, S. (1995). Experimental asset markets: A survey. In J. H. Kagel & A. E. Roth (Eds.),
Handbook of experimental economics. Princeton, NJ: Princeton University Press.

Sutan, A., & Willinger, M. (2009). Guessing with negative feedback: An experiment. Journal of
Economic Dynamics and Control, 33, 1123—1133.

Svensson, L. E. O. (2003). Escaping from a liquidity trap and deflation: The foolproof way
and others. Journal of Economic Perspectives, 17, 145—166.

Svensson, L. E. O. (2010). Inflation targeting. In B. Friedman & M. Woodford (Eds.),
Handbook of monetary economics (Ed. 1, Vol. 3, Chap 22, pp. 1237—1302). Elsevier,
Amsterdam.

Taylor, J. (1993). Discretion versus policy rules in practice. Carnegie-Rochester Conference
Series on Public Policy, 39, 195—214.

Taylor, J. (1999). A historical analysis of monetary policy rules. In J. Taylor (Ed.), Monetary
policy rules (pp. 319—341). Chicago, IL: Chicago University Press.

Van Huyck, J. B., Battalio, J. C., & Walters, M. F. (1995). Commitment versus discretion in
the peasant dictator game. Games and Economic Behavior, 10, 143—170.

Vranceanu, R., Besancenot, D., & Dubart, D. (2013, July 13). Can rumors and other uninfor-
mative messages cause illiquidity? Essec Research Center. DR-130.

Walsh, C. E. (1995). Optimal contracts for central bankers. American Economic Review, 85,
150—167.

Walsh, C. E. (2006). Transparency, flexibility, and inflation targeting. In F. Mishkin &
K. Schmidt-Hebbel (Eds.), Monetary policy under inflation targeting (pp. 227—263).
Santiago, Chile: Central Bank of Chile.

Wilson, B. (1998). Menu costs and nominal price friction: An experimental examination.
Journal of Economic Behavior and Organization, 35, 371—388.

Woodford, M. (2003). Interest and prices: Foundations of a theory of monetary policy.
Princeton, NJ: Princeton University Press.



	Experiments on Monetary Policy and Central Banking
	Introduction
	Channels for Money Non-neutrality
	Money Illusion
	Sticky Prices and Sticky Information/Monopolistic Competition

	Subjects as Experimental Central Bankers
	Central Bank Credibility and Inflation Bias
	Stabilization Policy
	Decision-Making Process in Monetary Policy Committees

	Transparency and Communication Issues
	Overreaction to Central Bank Disclosures
	Central Bank Communication Strategies
	Communication and Stabilization Policy

	Policy Implementation
	Monetary Policy Rules
	Repo Auctions

	Monetary Policy during Liquidity Crises
	Equilibrium Multiplicity
	Equilibrium Stability
	Financial Crises as Coordination Games

	Global Games
	Sunspots

	Concluding Remarks and Open Issues for Future Research
	Notes
	Acknowledgment
	References




