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Abstract
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quired to wait so that waiting entails a higher payoff than withdrawing. We
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1 Introduction

Economists have long contemplated whether financial crises can be ascribed to fac-
tors other than weak economic fundamentals. For example, Friedman and Schwartz
(1963) attribute banking crises during the Great Depression to non-fundamentals,
because the crises were not preceded by a significant deterioration in macroeco-
nomic fundamentals. The 1997-98 Asian financial crisis spurred a huge debate
about whether the crisis was driven by weak fundamentals or self-fulfilling prophe-
cies.? In light of the recent global financial turmoil, the debate as to whether some
of the crisis events are due to non-fundamental factors is likely to persist for a long
time.

The seminal paper by Diamond and Dybvig (1983, hereafter DD) establishes the
theoretical possibility that non-fundamental factors could be responsible for crisis
outcomes. DD focus on bank runs, but the mechanism described in their model
applies more broadly to other types of financial crises, such as currency crises (Ob-
stfeld 1996), debt runs (He and Xiong 2012) and repo runs (Martin, Skeie and von
Thadden 2014). A key feature of the model is the existence of strategic comple-
mentarity: when depositors withdraw money from a bank, they deplete the bank’s
capital, reducing the amount available for depositors who come later. The strategic
complementarity leads to multiple equilibria, including a crisis equilibrium where
all depositors run on the bank irrespective of their liquidity need. As a result, even
banks with healthy assets could fail. DD suggest (without formal modelling) that
the selection between the bank-run equilibrium and the efficient non-run equilib-
rium could depend on the realization of a sunspot variable, i.e., a commonly ob-
served random variable unrelated to the bank’s fundamental condition.

Azariadis (1981) and Cass and Shell (1983) formalize the analysis of sunspot
equilibria. They show that in an environment that gives rise to multiple self-fulfilling
rational expectations equilibria, sunspot equilibria also exist where the realization
of the sunspot variable affects agents’ beliefs or expectations, and, in turn, their

'For example, Corsetti, Pesenti and Roubini (1999a,b); Dooley (2000); and Burnside, Eichen-
baum and Rebelo (2001) emphasize the role of weak fundamentals, while Radelet and Sachs (1998),
Chang and Velasco (2000), and Schneider and Tornell (2004) stress the role of self-fulfilling prophe-
cies.



choices and equilibrium outcomes. In other words, although sunspots have no di-
rect impact on the economy’s fundamental parameters, such as preferences, endow-
ments or technologies, they may function as a coordination device and indirectly
affect the economy through the expectations channel. For formal equilibrium anal-
ysis of sunspot-induced financial crises, see Waldo (1985); Freeman (1988); Loewy
(1991); Cooper and Ross (1998); Cole and Kehoe (2000); Peck and Shell (2003);
Ennis and Keister (2003); Aghion, Bacchetta and Banerjee (2004); and Gu (2011).

In this paper, we test the sunspot theory of financial crises through a controlled
laboratory study.? Our research questions are whether sunspots matter as predicted
by the theory and under what situations they matter more. We conduct our ex-
perimental analysis in the context of the bank-run game studied in DD. There are
several reasons why we chose this framework. First, the game is simple and easy to
implement in the laboratory: subjects make a binary choice whether or not to with-
draw their money from the bank. Second, the game involves multiple equilibria that
can be Pareto ranked, so the coordination result has important welfare implications.
Third, as mentioned earlier, the mechanism in the DD model applies to other types
of financial crises, such as currency crises, debt runs and repo runs. We expect
the lessons from this study to apply to other run behaviors as well. Finally, our
specific hypothesis and design, which we introduce below, is inspired by a recent
experimental study of bank runs conducted by Arifovic, Jiang and Xu (2013).

In that study, Arifovic, Jiang and Xu (2013) investigate bank runs as pure co-
ordination failures in the absence of sunspot variables. They find that whether
miscoordination-based bank runs occur depends on the value of the coordination
parameter, 7, defined as the minimum fraction of depositors required to wait so that
waiting entails a higher payoff than withdrawing. In particular, the value of the co-
ordination parameter can be divided into three regions: "run", "non-run" and "inde-
terminacy", characterized respectively by high (with » > 0.8), low (with n < 0.5)
and intermediate (with » = 0.6 and 0.7) values of the parameter. When the co-
ordination parameter lies in the run (non-run) region, strategic uncertainty is low:
subjects are almost unanimous in their choices, and all experimental economies stay

2The experimental approach is a useful complement to empirical studies of sunspot-induced
financial crises. We discuss this in more detail in the next section.



close or converge to the run (non-run) equilibrium. In games with the coordination
parameter located in the indeterminacy region, subjects are much less certain as to
what the "right” choice is; as a result, the outcomes of the experimental economies
vary widely and become difficult to predict.?

Extrapolating from the result in Arifovic, Jiang and Xu (2013), we conjecture
that if a sunspot variable is introduced to the bank-run game, its power as a coordi-
nation device is likely to be weak if the coordination parameter lies in the run or the
non-run region, but strong if the parameter is in the indeterminacy region. In other
words, sunspots matter more if there is great strategic uncertainty.We conduct three
experimental treatments to test the hypothesis. Each treatment is characterized by a
different value of the coordination parameter that corresponds to the non-run, run,
and the indeterminacy regions. All three games have a sunspot equilibrium where
agents coordinate their actions on realizations of a sunspot variable.

In our experiment, the sunspot variable takes the form of a sequence of ran-
domly generated announcements forecasting how many people will choose to with-
draw. The content of an announcement is either: (1) a forecast that x or more
people will choose to withdraw, or (2) a forecast that x or fewer people will choose
to withdraw. The value of x is such that it is optimal to withdraw if and only if the
number of withdrawals is > x. As will be discussed in more detail in Section 4,
formulating the sunspot variable this way helps to establish a clear correspondence
between the realization of the sunspot and the action choice if subjects decide to
use the sunspot as a coordination device. Our main question is how people respond

3The bank-run game (as well as many other coordination games) involves a tension between
efficiency and risk. The non-run equilibrium is payoff dominant. In terms of risk, one can use the
concept of risk dominance introduced by Harsanyi and Selten (1988). Temzelides (1997) and Ennis
(2003) show that the non-run (run) equilibrium is risk dominant if and only if n < 0.5 (> 0.5). If
n < 0.5, then the non-run equilibrium is both risk and payoff dominant so there is little strategic
uncertainty. If n = 0.5, the two equilibria share the same level of risk but the non-run equilibrium is
payoff dominant so subjects coordinate on the non-run equilibrium with little disagreement. When
n = 0.8 or 0.9, there is a tension between payoff and risk concerns, and the risk concern dominates
so strategic uncertainty is low too. In the case where n = 0.6 or 0.7, it is difficult to determine
whether risk or efficiency is of a greater concern, giving rise to great strategic uncertainty. Heine-
mann, Nagel and Ockenfels (2009) conduct an experimental study to formally measure strategic
uncertainty in (context-free) coordination games. One of their results is that subjects tend to dis-
agree more on the expected behavior of others, as measured by the variance of stated beliefs, in
situations in which experimental results are less predictable.



to sunspots in different economic conditions; confusion about the interpretation of
the sunspot variable would confound this analysis.

We conduct six experimental sessions for each treatment. The experimental re-
sults confirm our hypothesis. Subjects do not react to the sunspot announcement
for the non-run (run) values of the coordination parameter, with all six experimen-
tal economies quickly converging to non-run (run) equilibria despite the sunspot
announcement. For the treatment with the value of the coordination parameter in
the indeterminacy region, subjects follow the sunspot announcement throughout the
whole session in four out of six experimental economies. In the other two sessions,
subjects follow the sunspot variable initially, but coordination on the variable is not
strong enough in early periods, and the economies converge to the run equilibrium
in the end. The results suggest that subjects tend to follow sunspots when there is
great strategic uncertainty.

Our experiment considers the extreme case where the publicly observed vari-
able contains no information on the fundamental condition of the economy, and
affects the economy purely through the expectations channel as a coordination de-
vice. However, we expect that our experimental result, that people tend to react
more strongly to public announcements in times of uncertainty, would continue to
hold in cases where the public announcement provides some information on the
condition of the economy. When the economic situation creates great strategic un-
certainty, a publicly observable announcement by the government, an influential
public figure or a newspaper may serve as a coordination device and have a huge
impact on people’s choices. The policy advice stemming from our study is that
extra attention should be paid to the wording of public statements during uncertain
times, such as a crisis event, because the impact of public statements tends to be
much stronger in those situations.*

40ur experimental result is largely consistent with the observation that markets seem to be very
sensitive to political announcements during crises. Gade et al. (2013) offer evidence that during
the period from January 2009 to October 2011, political communications had a quantifiable effect
on the sovereign bond spreads of Greece, Ireland and Portugal over the German Bund, with an
increase in positive (negative) words contributing to a reduction (rise) in yield spreads. In line with
our policy suggestion, the Dutch Finance Minister, J.K. de Jager, during his interview with Der
Spiegel on 22 August 2011, urged European Union policy-makers to think carefully about what
impact their comments may have on the markets. In the United States, a publicly released letter by



Our study offers a new perspective on the ongoing discussion on central bank
communication. Most studies in this area focus on the issue of central bank trans-
parency, and debate what and how much the central bank should communicate to
the public. Our study, however, suggesting that, besides the content, the timing and
market environment of communication are also important: public statements tend
to be more influential during times of uncertainty.®

The rest of the paper is organized as follows. Section 2 discusses related liter-
ature. Section 3 describes the theoretical framework that underlies the experiment.
Section 4 introduces our hypothesis and discusses the experimental design. Section
5 reports and analyzes the experimental results. Section 6 concludes.

2 Related Literature

Our paper is closely related to experimental studies of sunspots. Marimon, Spear
and Sunder (1993); Duffy and Fisher (2005); and Fehr, Heinemann and Llorente-
Saguer (2012) consider models with multiple equilibria that are Pareto equivalent
or that cannot be Pareto ranked. As with our paper, Arifovic, Evans and Kostyshyna
(2013) provide evidence of sunspot equilibria in the context of a model with multi-
ple equilibria that can be Pareto ranked. Our study has a different focus, which is
to investigate the power of sunspots as a coordination device in different economic
situations characterized by the coordination parameter. We find that subjects tend
to react to (ignore) sunspot variables when the coordination parameter takes an in-
termediate (extreme) value and the strategic uncertainty is high (low). Marimon,
Spear and Sunder (1993) investigate expectationally driven price volatilities in ex-
perimental overlapping-generation economies. They find that subjects may follow

Senator Charles Schumer on 26 June 2008 that questions the viability of IndyMac was blamed for
inducing panic among the bank’s depositors. During the 9/11 terrorist attacks, the Federal Reserve
announced reassuring messages over Fedwire that the fund transfer system was "fully operational"
and would remain open until "an orderly closing can be achieved."” This measure is acclaimed as
having helped maintain public confidence and reduce disruption to the financial system.

5See Woodford (2005) for a general discussion on the communication of monetary policies, and
Morris and Shin (2002) for the social value of the central bank’s public disclosure of information on
the state of the economy in the presence of private information. We provide a more detailed review
of this literature in the next section.



sunspots after training or exposure to real cycles induced by real shocks, in phase
with the realization of the sunspot variable.® Duffy and Fisher (2005) consider a
market game with two equilibria featuring different equilibrium prices. These two
equilibria cannot be Pareto ranked: some subjects are better off in one equilibrium,
whereas others are better off in the other. One of the main findings of their paper is
that subjects can coordinate on a sunspot equilibrium based on a public announce-
ment that forecasts the level of the market price in call markets. Fehr, Heinemann
and Llorente-Saguer (2012) study a two-player coordination game with a contin-
uum of Nash equilibria, all of which have the same payoff, and find that sunspot
equilibria emerge if there are salient public signals. Finally, Arifovic, Evans and
Kostyshyna (2013) examine coordination in a production economy with a posi-
tive externality that gives rise to multiple steady states (two of which are stable)
with different levels of employment and productivity. They observe coordination
on extrinsic announcements on the level of productivity in most of their sessions;
convergence to the two stable steady states occur as well.

Another closely related branch of literature is the study of bank runs in con-
trolled laboratory environments. Our paper focuses on the effect of the sunspot
variable, a factor absent in other studies. Madiés (2006); Schotter and Yorulmazer
(2009); and Kiss, Rodriguez-Lara and Rosa-Garcia (2012) discuss the effects of
various ways to prevent or slow bank runs, including deposit insurance, suspension
of payment, the presence of insiders and the observability of past actions. Gar-
ratt and Keister (2009) study how the occurrence of bank runs is affected by two
factors: the number of withdrawal opportunities and uncertainty regarding the ag-
gregate liquidity demand. Klos and Stréter (2013) test the prediction of the global
game theory of bank runs developed by Morris and Shin (2001) and Goldstein and
Pauzner (2005). Chakravarty, Fonseca and Kaplan (2012) and Brown, Trautmann
and Vlahu (2014) investigate how runs spread across two different banks through
contagion. See Dufwenberg (2013) for a more detailed review of the experimental
literature on bank runs.

Our paper also contributes to the ongoing discussion on central bank commu-

5The sunspot variable in Marimon, Spear and Sunder (1993) takes the form of a blinking square
alternating in colors on subjects’ computer screens.



nication. Most of this literature focuses on the question of what to communicate,
with central bank transparency being a recurring topic. Our study suggests that, in
addition to the content, the timing and market environment of communication are
also important: public statements tend to have a stronger impact during times of
great uncertainty. There is a large and growing literature on the communication of
monetary policies, the full review of which is beyond the scope of our paper. See
Woodford (2005) for a general discussion, and Blinder et al. (2008) for a survey
of the theoretical and empirical works on the topic.” Recently, some experimen-
tal work has also been done on monetary policy communication; see, for example,
Kryvtsov and Petersen (2013). Another area of research on central bank commu-
nication follows the model developed by Morris and Shin (2002) to examine the
social value of public information on the fundamental state of the economy (for
further theoretical treatment of this topic, see Amato, Morris and Shin 2002; Hell-
wig 2005; Svensson 2006; Morris and Shin 2007; Angeletos and Pavan 2007; and
Cornand and Heinemann 2008). Baeriswyl and Cornand (2014) and Hichri and Tra-
belsi (2013) provide two experimental studies of the issue. This line of literature
stresses the dual roles of public information, to convey fundamentals information
and to serve as a coordination device. The welfare effect of increased public dis-
closures is ambiguous when private agents also have access to independent sources
of information. In our experiment, the fundamental state of the economy is public
information, and the focus of our study is on the coordination role of public an-
nouncements. In addition, our study provides insight into the situations in which
public announcements are more influential.

Finally, we view our experimental study as a useful complement to empirical
studies of sunspot-induced financial crises. Testing the sunspot theory of financial
crises involves two tasks: (1) identifying the sunspot variable, and (2) determining
whether an economic outcome is affected by non-fundamental factors. The empir-
ical literature usually skips the first task, and the general approach to the second is
to regress the likelihood of a crisis event on relevant fundamental variables. If the

"Some issues that are still under debate include whether the central bank should deliver explicit
statements on the likely future path of interest rates, and whether the central bank’s decision-making
process should be made more transparent, say, by the release of the minutes of its deliberations.



regression produces a significant unexplained residual, then it is taken as evidence
that non-fundamental variables play an important role in generating crises. See, for
example, Boyd et al. (2014) and Calomiris and Mason (2003) for the analysis of
banking crises, and Rose and Svensson (1994) and Jeanne (1997) for the analysis
of currency crises.

In his survey of the empirical literature on financial crises, Goldstein (2012)
mentions that the ideal way to capture non-fundamental induced crises would be to
show how agents change their choices in response to their beliefs about what other
agents will choose, but that field data offer very few such observations. In contrast,
such situations can be created in the laboratory relatively easily. In our study, we
clearly define and identify the sunspot and fundamental variables; we also ensure
that the sunspot variable is not directly related to the fundamentals and affects the
economic outcome only through the expectations channel as a coordination device.
We directly examine the effect of the sunspot variable by fixing the fundamentals
and allowing only the sunspot variable to vary over time. In the case of empirical
studies using field data, the task must be carried out with special care to mitigate
the potential problem of omitted variables.

In addition, empirical studies have generated different conclusions on the con-
tribution of non-fundamentals. For example, Calomiris and Mason (2003) regress
the likelihood of individual bank failure during the Great Depression on fundamen-
tals, including the attributes of individual banks and the exogenous local, regional
and national economic shocks. They find that fundamentals explain well the risk of
bank failures in three crises (late 1930, mid-1931 and late 1931), but the crisis in
early 1933 saw a large, unexplained increase in the risk of bank failures. Given that
empirical studies reach different conclusions on the effect of non-fundamental vari-
ables, we can use this experimental study to gain some insight into the conditions
under which sunspots have a stronger impact on the economic outcome.



3 Theoretical Framework

The theoretical framework that underlies our study is the DD model of bank runs.
In this model, the bank functions as a liquidity insurance provider pooling depos-
itors’ resources to invest in profitable illiquid long-term assets, and at the same
time issuing short-term demand deposits to meet the liquidity need of depositors.®
The contract requires that agents deposit their endowment with the bank. In return,
agents receive a bank security, which can be used to demand consumption early
(at date 1) or late (at date 2). The bank promises to pay » > 1 to depositors who
choose to withdraw at date 1. Resources left after paying early withdrawers gener-
ate a rate of return R > r, and the proceeds are shared by all who choose to roll
over their deposits and wait until date 2 to consume. The critical feature of the
demand deposit contract is the presence of strategic complementarity: when depos-
itors withdraw money from the bank, they deplete the bank’s capital, reducing the
amount available for depositors who come later. This strategic complementarity
leads to multiple equilibria and miscoordination-based bank runs.

To conduct the experiment, we keep this main feature of the DD model, but
simplify the original model along two dimensions to facilitate the experimental de-
sign. First, in the original model, agents are subject to liquidity shocks and become
either patient consumers (who are indifferent between consuming early or late) or
impatient consumers (who must consume early). Impatient agents always with-
draw, and only patient agents are "strategic™ players. For the experiment, we focus
on strategic players and hence all agents are patient consumers.® Second, we ab-
stract from the sequential service constraint for simplification and assume instead
that if the bank does not have enough money to pay every withdrawer the promised
short-term rate, r, it divides the available resources evenly among all depositors

8For optimal contracting in the DD framework, please refer to Green and Lin (2000, 2003),
Andolfatto, Nosal and Wallace (2007), Andolfatto and Nosal (2008) and Ennis and Keister (2009a,
2009b, 2010). The first three papers show that the multiple-equilibria result disappears if more
complicated contingent contracts — as compared with the simple demand deposit contracts in DD —
are used. Ennis and Keister (2009a, 2009b, 2010) show that the multiple-equilibria result is restored
if the banking authority cannot commit not to intervene in the event of a crisis, or if the consumption
needs of agents are correlated.

9Madigés (2006) and Arifovic, Jiang and Xu (2013) makes the same arrangement in this regard.
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who demand to withdraw. The sequential service constraint is not essential for the
existence of multiple equilibria; the fact that » > 1 is sufficient to generate a payoff
externality and panic-based runs.l® In the experiment, we have NV subjects playing
the roles of depositors, each starting with one unit of money deposited with the
bank and choosing to withdraw early or wait. With the above simplifications, the
payoff to a depositor who chooses to withdraw is

m = min {r,ﬂ} , 1)

(&

where e is the number of depositors who choose to withdraw and the payoff for
those who choose to wait is

Wg—max{O,N_erR}. (2

N —e¢

Note that if e > é = N/r, the bank will not have enough money to pay the promised
rate r to all those who decide to withdraw, and those who choose to wait will receive
zero payoff.

The coordination game characterized by the above payoff structure has two
symmetric pure-strategy Nash equilibria.** In the run equilibrium, every deposi-
tor chooses to withdraw and run on the bank, expecting others to do the same. As a
result, e = NV, and everybody receives a payoff of 1. In the non-run equilibrium, ev-
ery depositor chooses to wait, expecting others to do the same. In this equilibrium,
e = 0, and everybody receives a payoff of R. Stationary sunspot equilibria also ex-
ist, where the economy switches between the run and non-run equilibria contingent
on the realization of a sunspot variable.

1°DD derive the optimal short-term rate »* in their original paper. For our experimental study, we
do not use the optimal rate »*. Instead, we set r to be values greater than 1. As will become clear in
the next section, there is a one-on-one correspondence between r and our main treatment variable,
the coordination parameter. Using r as a control variable allows us to easily change the coordination
parameter in a simple way.

UThere is also a symmetric mixed-strategy equilibrium where each depositor chooses to wait
with a probability between 0 and 1, and the expected payoffs from the two strategies are equalized.
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4 Hypothesis and Experimental Design

In this paper, we examine whether sunspots matter as predicted by the theory (note
that in the DD bank-run model, sunspot equilibria can be constructed for any r be-
tween 1 and R), and whether there are certain economic situations where sunspots
matter more. The specific design and hypothesis are inspired by an earlier exper-
imental study by Arifovic, Jiang and Xu (2013), who investigate how the level of
coordination requirement (denoted as 7) affects the occurrence of bank runs as a
result of pure coordination failures in the absence of sunspot variables.

The fundamental condition of the economy, captured by the long-term return,
R, and the short-term repayment rate, r, is public information. The value of R is
fixed throughout the experiment. The short-term rate » is set to match our main
treatment variable, the coordination parameter, which remains fixed in each exper-
imental treatment. The coordination parameter measures the minimum fraction of
depositors required to wait so that waiting entails a higher payoff than withdraw-
ing. We can calculate 7 in two steps. First, solve for the value of e, the number
of depositors who choose to withdraw, which equalizes the payoffs associated with

withdrawing and waiting,
N —er

N —e¢
and denote it by e*. Thus, e* is given by

R,

r =

R—r
¥=———_N.
C TR
Second, calculate » from the equation,
h—1-— e R(r—1)
N r(R-1)

Note that there is a one-to-one correspondence among 7, e* and r. Given n (or,
equivalently, e*or r), the payoff from waiting exceeds that from withdrawing early
if the fraction of depositors choosing to wait exceeds n (or, equivalently, if the
number of depositors choosing to withdraw is less than e*).

12



Avrifovic, Jiang and Xu (2013) find that in the absence of sunspot variables, the
performance of the economy depends on the value of the coordination parameter.
In particular, they divide the value of this parameter into three regions: "run" (n <
0.5), "non-run” (n > 0.8) and "indeterminacy" (n = 0.6 and 0.7), characterized by
high, low and intermediate values of the parameter, respectively. In the run (non-
run) region, all experimental economies stay close or converge to the run (or non-
run) equilibrium. In these two regions, subjects perceive little strategic uncertainty
and have a good idea about their own choices and those of other subjects. It is also
easy for subjects to reach a consensus so that all experimental economies stay close
or converge to the run (or non-run) equilibrium. In contrast, when the coordination
parameter lies in the indeterminacy region, subjects become much less certain about
other subjects’ strategies and what the right choice is. As a result, the outcomes of
the experimental economies vary widely and become difficult to predict.

In view of these results in Arifovic, Jiang and Xu (2013), we conjecture the
following hypothesis:

When a sunspot variable is introduced into the bank-run game, its power as
a coordination device will depend on the coordination parameter. Subjects are
likely to ignore the sunspot variable if the fundamental lies in the run and non-run
regions, in which case there is little strategic uncertainty. On the other hand, if the
coordination parameter is such that there is great strategic uncertainty, subjects
will actively look for a coordination device; in this case, the sunspot variable may
become a powerful coordination device and have a huge impact on the coordination
outcome.

To test the above hypothesis, we conduct three experimental treatments with
three values of the coordination parameter: 0.2, 0.7 and 0.9, which lie in the non-
run, indeterminacy and run regions, respectively.'> Under our hypothesis, the power
of the sunspot variable is likely to be strong when n = 0.7, but weak when n = 0.2
or 0.9. More specifically, the experimental economy is likely to switch between the
two equilibria in step with the realization of the sunspot variable in the treatment

12Note that although we use 7 as the treatment variable, given that there is a one-to-one cor-
respondence among e*, n and r as discussed earlier, we could also use e¢* or r as the treatment
variable.
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with n = 0.7. When n = 0.2, the economy is likely to be in the vicinity of the non-
run equilibrium, irrespective of the announcement. When n = 0.9, the economy is
likely to stay close to the run equilibrium, irrespective of the announcement.

Given that the main purpose of our study is to investigate how the economic con-
dition (characterized by the coordination parameter) affects whether people choose
to follow the sunspot, we try to reduce the confounding impact of other factors, such
as the interpretation of the sunspot variable. To that end, we take two measures to
promote a common understanding of the semantics of the sunspot variable. The
first measure is to formulate the sunspot variable as a series of randomly generated
public announcements that predict the number of withdrawals. In particular, the
following explanation is used in the instructions to participants:*3

"In each period, an announcement will show up in the lower right section of
the screen to forecast the number of withdrawal requests for this period. The an-
nouncement will be either “The forecast is that ¢* or more people will choose to
withdraw,” or “The forecast is that ¢* or fewer people will choose to withdraw.” Ev-
erybody receives the same message. The announcements are randomly generated.
There is a possibility of seeing either announcement, but the chance of seeing the
same message that you saw in the previous period is higher than the chance of see-
ing a different announcement. These announcements are forecasts, which can be
right or wrong. The experimenter does not know better than you how many people
will choose to withdraw (or wait) in each period. The number of withdrawals is
determined by the decisions of all participants. Your actual payoff depends only on
your own choice and the choices of other participants.”

The value of e* is the number of subjects requesting to withdraw that equalizes
the payoff to both strategies. Note that it is optimal to withdraw if and only if the
number of withdrawals, ¢, is > e*. In the following, we use A to denote the sunspot
announcement, with A = 0 corresponding to the announcement of a low number
of withdrawals, or e < ¢e*, and A = 1 corresponding to the announcement of a
high number of withdrawals, or e > ¢*. The announcement A = 0 is equivalent
to "waiting is a better strategy,” and the announcement A = 1 is equivalent to

13See the appendix for the full content of the instructions for the case where 1 = 0.7.
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"withdrawing is a better strategy."

We clearly state that the realization of the sunspot variable is public information
and has no impact on the fundamental state of the economy (which remains constant
during each session). We formulate the sunspot variable as a forecast of the number
of withdrawals so that it is straightforward for subjects to translate the realization of
the variable to an action choice (i.e., to withdraw if the forecast is high and wait if
the forecast is low) if they choose to follow it. Therefore, we can be more confident
that, if subjects do not coordinate on the sunspot variable, it is not because they
would like to act upon its realizations but could not decide which action to take,
but rather they choose to ignore the variable. Our concern is valid given a result in
Duffy and Fisher (2005): if the sunspot announcement is formulated as a forecast
of the equilibrium market price ("high” or "low"), subjects successfully coordinate
on the sunspot equilibrium, but fail to do so if the announcement is replaced by
a weather forecast (“"sunshine” or "rain™). The coordination outcome in the latter
case may be attributed to confusion or disagreement about the interpretation of the
sunspot variable.

Our second measure to enhance the semantics of the sunspot variable is to in-
troduce a training stage similar to Marimon, Spear and Sunder (1993); Duffy and
Fisher (2005); and Arifovic, Evans and Kostyshyna (2013). The purpose of the
training stage is twofold: (1) to familiarize subjects with their tasks, and (2) to
expose them to the language of the sunspot equilibrium and build the correlation
between the coordination outcome and the realization of the sunspot variable. To
be specific, the forecast is e < e* in the first three practice periods, and e > ¢* in the
second three periods. The number of withdrawals in those periods is predetermined
to make the announcements self-fulfilling. The technique is a shortcut to mimic the
endogenous arising of sunspots in real life: usually people would start believing in
a sunspot variable only after observing some evidence about its predictive validity.
Given the time constraint of laboratory experiments, such a shortcut is an effective
way to quickly establish the prior belief. 4

14There may be a concern that the clear formulation of the sunspot variable may induce subjects to
respond to it too much. This concern may be lessened considering that we adopt the same measures
in all three treatments, and we conjecture coordination on the sunspot variable only for n = 0.7, but
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Six sessions of experiment are run for each of the three treatments, for a total of
18 sessions. In each session of the experiment, subjects play a repeated one-period
game for 56 periods: six practice/training periods (for which they are not paid) plus
50 formal periods. In each new period, each subject starts with 1 unit of experimen-
tal money in the bank. Upon observing the realization of the sunspot variable, each
decides simultaneously whether to withdraw their money from the bank or to wait.
Following the spirit of the literature on sunspots, we generate the random sequence
of announcements before the experiment and use the same sequence of announce-
ments in all experimental sessions to facilitate comparison among the sessions. The
sunspot announcements follow a Markov process in which the probability of ob-
serving the same announcement in the next period is 0.8. We adopt a persistent
shock sequence to make the experimental environment more stable. With a low
switching probability of 0.2, the environment is more likely to remain the same
for an extended period of time, instead of switching frequently between the two
announcements. The average number of A in the 50 formal periods is 0.56, with
slightly more announcements of high withdrawals. Table 1 lists the parameters used
for each experimental treatment.

Table 1: Experimental parameters

Session 7 r e* A((practice) e displayed (practice) Mean A(formal)

1-6 02 111 8 000111 121889 0.56
7-12 0.7 154 3 000111 121789 0.56
13-18 09 182 1 000111 111789 0.56

The program used to conduct the experiment is written in z-Tree (Fischbacher,
2007). At the beginning of a session, each subject is assigned a computer terminal.
In each period, each subject starts with 1 experimental dollar in the bank and de-
cides whether to withdraw or wait and roll over their deposits through the decision
screen. This screen shows a table that lists the payoff that an individual will receive
if he/she chooses to withdraw or wait given that n = 1 ~ 9 of the other 9 subjects

not for n = 0.2 or 0.9 (as shown in the next section, our conjecture is supported by the experimental
results).
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choose to withdraw. This payoff table helps to reduce the calculation burden so that
subjects can focus on playing the coordination game. The decision screen also pro-
vides the history of the experiment with a graph of the total number of withdrawals
in all past periods and a history table that shows the history of the announcement,
the actual number of withdrawals, the subject’s decision and the subject’s own pay-
off, both in each period and accumulatively. The sunspot announcement is located
right above the buttons "withdraw™ and "wait," which subjects click on to input
their withdrawal decisions. Once all the decisions are made, the total number of
withdrawals is calculated. Subjects’ payoffs are then determined by equations (1)
and (2). Communication among subjects is not allowed during the experiment.

The experiment was run at the Economic Science Institute, Chapman Univer-
sity, Orange, USA, from Fall 2012 to Winter 2013.2° Each session lasted for about
50 minutes. The average earning was around $14.

5 Experimental Results

Figures 1 ~ 3 plot the coordination results for each of the 18 sessions of experi-
ment. The six sessions of the same treatment are grouped on the same page. The
horizontal axis represents the time period running from —5 to 50. Periods —5 to
0 are intended for practice, and periods 1 to 50 are the formal periods. The solid
line with dot markers graphed against the left vertical axis depicts the time path
of the number of withdrawals. The upper dashed line is ¢* used for the announce-
ment. The lower dashed line is ¢, at which the bank becomes bankrupt or runs out
of money to meet withdrawal requests. The announcement (A) is represented as
circles against the right vertical axis.

Table 2 shows three statistics, the average number of withdrawals, the percent-
age of bankruptcies, and the percentage of individual subjects’ choices that are
consistent with the announcement; i.e., to withdraw (wait) if the announcement is
that e > (<) e*. We provide the statistics for each session and for each treatment

15Since the game in the experiment is fairly straightforward, it is important that the subjects have
no prior experience with experiments of coordination games.
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(in bold face), derived as the average of the session statistics. For each statistic, we
calculate the values for the whole session, periods with A = 0 and periods with
A =1 (excluding the practice periods).

To further capture the effect of the sunspot announcement on the average num-
ber of withdrawals, we run a rank-sum test of the average number of withdrawals
associated with the two types of sunspot announcements for each of the three treat-
ments. The first (second) group contains the statistics for periods with A = 0 (with
A = 1). Each group has six observations corresponding to the six experimental
sessions run for each treatment. The test results are given in Table 3.

We first check the results for the treatment with » = 0.2. In this treatment, the
number of withdrawals is hardly affected by the sunspot announcement. All six ex-
perimental economies quickly converge to the non-run equilibrium. The treatment
average number of withdrawals is very small for both types of announcements: 0.21
for A = 0 and slightly higher at 0.26 for A = 1. A rank-sum test between the aver-
age number of withdrawals for the two types of announcements shows that the two
cases have exactly the same rank sum. The two-sided (one-sided) p-value is 100%
(50%). In other words, in terms of the average number of withdrawals, the two
samples cannot be distinguished from each other. There are no bankruptcies with
either announcement. The probability that individual choices are consistent with
the announcement is very high at 98% for A = 0, but very low at 3% for A = 1.

For the treatment with n = 0.9, the effect of the sunspot variable on the number
of withdrawals is also weak (though stronger than in the treatment with = 0.2).
All six experimental economies converge to the vicinity of the run equilibrium by
period 30 and stay there afterwards. The average value of withdrawals is very high
with both types of announcements, at 8.09 for A = 0 and slightly larger at 8.78
for A = 1. The rank-sum test between the average number of withdrawals for
the two announcements suggests that subjects withdraw more often with A = 1,
generating a p value of 10% (5%) if a two-sided (one-sided) test is used. However,
the difference between the average number of withdrawals is quite small, at 0.69.
The probability of bankruptcies is very high with both types of announcements:
92% with A = 0, and 98% with A = 1. The percentage of individual choices
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consistent with the announcement is 89% for A = 1 and much lower at 19% for
A=0.
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Table 3: Rank-sum test of the effect of the sunspot announcement on the average
number of withdrawals

Announcement Sample size  Average number of withdrawals

Treatment n=0.2 A=0 6 0.21
A=1 6 0.26

Z-value 0

p-value (2-sided) 100%

Announcement Sample size Average number of withdrawals

Treatment n=0.7 A=0 6 3.30
A=1 6 8.39

Z-value 2.887

p-value (2-sided) 0.39%

Announcement Sample size  Average number of withdrawals

Treatment n=0.9 A=0 6 8.09
A=1 6 8.78

Z-value 1.601

p-value (2-sided) 10.93%

Compared to their responses to the treatments with » = 0.2 and 0.9, subjects re-
spond strongly to the sunspot variable in the treatment with » = 0.7. The rank-sum
test of the average number of withdrawals under the two types of announcements
generates a very small p-value of 0.39% (0.20%) if a two-sided (one-sided) test is
used. The difference between the treatment average number of withdrawals when
A = 0and when A = 1 is very high, at 5.09. The effect of the sunspot variable is
therefore both statistically and economically significant.

The effect of the sunspot announcement is particularly strong in sessions 7, 8,
9 and 12, where the experimental economy switches between the two equilibria
in line with the announcement throughout the whole session. When A = 0, the
experimental economy stays close to the non-run equilibrium, with the average
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number of withdrawals at between 0.36 and 2.14. When A = 1, the economies stay
close to the run equilibrium, with the average number of withdrawals at between
7.79 and 8.54. There are no bankruptcies when A = 0, but frequent bankruptcies
when A = 1 (between 71% and 86%). The percentage of individual choices that
are consistent with the announcement is high for both A = 0 (at between 79% and
96%) and A = 1 (at between 78% and 85%).

In sessions 10 and 11, the power of the sunspot announcement is weaker than in
sessions 7, 8,9 and 12, but still stronger than in the other two treatments. The two
experimental economies respond to the sunspot in early periods up until period 26
in session 10 and period 20 in session 11. However, during two earlier episodes of
low announcement (periods 12— 13 and periods 18 —22), the number of withdrawals
does not drop enough to confirm the announcement. In later periods, subjects stop
responding to the sunspot variable and continue withdrawing their money from the
bank, and the two economies converge to the vicinity of the run equilibrium. The
performance of the two economies in the second half mimics the situation where
n = 0.9. The difference between the average number of withdrawals under the two
types of announcements is 2.41 in session 10 and 1.66 in session 11. The percentage
of individual strategies that are consistent with the announcement is high for A = 1
(88% in session 10 and 85% in session 11), but much lower for A = 0 (40% in
session 10 and 29% in session 11). Bankruptcies occur frequently (86% of the time
in both sessions) when A = 1. For the announcement A = 0, there is still a high
incidence of bankruptcies (45% of the time in session 10 and 64% of the time in
session 11). The different performance of the experimental economy in treatment
with n = 0.7 (sessions 10 and 11 versus the other four sessions) suggests that a
strong and persistent correlation between the coordination result and the sunspot
variable is required to make the sunspot variable believable.

To summarize, subjects tend to disregard the sunspot announcement when n =
0.2 and 0.9, but have a strong tendency to follow the sunspot variable whenn = 0.7.
In the bank-run game (and many other coordination games), there is often a tension
between efficiency and risk. The non-run equilibrium is more efficient associated
with a higher payoff. We can evaluate the relative riskiness of the two equilibria
using the risk dominance concept introduced by Harsanyi and Selten (1988). As
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shown in Temzelides (1997) and Ennis (2003), the non-run (run) equilibrium is risk
dominant if and only if » < 0.5 (> 0.5). When n = 0.2, the non-run equilibrium
is both payoff and risk dominant, which means that there is no tension between
efficiency and risk. As a result, there is minimal strategic uncertainty, and subjects
almost unanimously choose to wait and ignore the sunspot announcement of a high
level of withdrawals. When n = 0.9, the non-run equilibrium is payoff dominant but
the run equilibrium is risk dominant, so there is some tension between efficiency
and risk. With a high value of n, risk is the dominating concern. The extent of
strategic uncertainty is small, and most subjects opt for the safe choice to withdraw,
disregarding the announcement of low withdrawals. When n» = 0.7, some tension
exists as well. However, unlike the case with » = 0.9, where the risk concern
dominates, it is not clear whether efficiency or risk is of a greater concern. This
creates great strategic uncertainty as subjects hesitate over whether to withdraw or
wait. In this situation, an extraneous sunspot variable is more readily accepted as a
coordination device.!®

6 Conclusion

This paper presents an experimental study of how people react to sunspots in the
context of a bank-run game. The sunspot variable consists of a sequence of ran-
dom forecasts on the number of withdrawals. Our main treatment variable is the
coordination parameter, which measures the amount of coordination required to
generate enough complementarity among depositors who wait so that they earn a
higher payoff than those who choose to withdraw.

We have run three treatments characterized by three different values of the co-
ordination parameter: 0.2, 0.7 and 0.9. When the coordination parameter is equal
to 0.7, in which case there is great strategic uncertainty, subjects respond strongly

6The result of a strong response (here to public announcements) when there is greater strategic
uncertainty is consistent with that of in Ahnert and Kakhbod (2014). They study a model of global
games of regime change, where agents can pay a cost to acquire information on the fundamental
state of the economy. They show that agents are more likely to acquire information when the com-
mon prior on the fundamental state is closer to an intermediate value, in which case the strategic
uncertainty is higher.
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to the sunspot variable, with four out of six sessions switching between the run
and non-run equilibria conditional on the sunspot announcement. In contrast, the
sunspot variable is largely ignored in the other two treatments where there is little
strategic uncertainty: when n = 0.2, all (six out of six) experimental economies
quickly reach the non-run equilibrium, irrespective of the sunspot announcement;
when n = 0.9, all (six out of six) experimental economies converge to the run
equilibrium, again irrespective of the realization of the sunspot variable.

Our study suggests that in economic situations with great strategic uncertainty,
agents are susceptible to mood swings and tend to respond strongly to public com-
ments or announcements from the government, a public figure such as a well-known
blogger, or news media. Although we conduct the study in the context of bank-run
games, we expect the result to apply to other games with strategic complementarity,
including currency attacks, repo runs and debt runs. The policy advice stemming
from our study is that the timing and the market condition of public announcements
matter (in addition to the content of the announcement). While the effect of the
announcement tends to be weak if the economic condition is such that there is little
uncertainty, it is likely to be significant in times of uncertainty. In the latter case,
public announcements should be treated with extra care, because these messages
are likely to be used by the public as a coordination device.
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Appendix: Instructions (for r=1.54 or n=0.7)

Today you will participate in an experiment in economic decision making. You will be paid for
your participation. There is a show-up fee of $7. The additional amount of cash that you earn
will depend upon your decisions and the decisions of other participants. You will be earning
experimental currency. At the end of the experiment, you will be paid in dollars at the exchange
rate of 10 experimental currency units = $1.

Since your earnings depend on the decisions that you will make during the experiment, it is im-
portant to understand the instructions. Read them carefully. If you have any questions, raise your
hand and the experimenter will come to your desk and provide answers

Your Task

You and 9 other people start with 1 experimental dollar (ED) deposited in an experimental bank.
You must decide whether to withdraw your 1 ED or wait and leave it deposited in the bank. The
bank promises to pay 1.54 EDs to each withdrawer. After the bank pays the withdrawers, the
money that remains in the bank will be doubled, and the proceeds will be divided evenly among
people who choose to wait. Note that if too many people desire to withdraw, the bank may not be
able to fulfill the promise to pay 1.54 to each withdrawer. In that case, the bank will divide the
10 EDs evenly among all withdrawers and those who choose to wait will get nothing.

Your payoff depends on your own decision and the decisions of the other 9 people in the group.
Specifically, how much you receive if you make a withdrawal request or how much you earn by
waiting depends on how many people in the group place withdrawal requests.

On the last page, you can find the payoff table that lists the payoffs associated with the two
choices — to withdraw or to wait — if n of the 10 subjects request to withdraw. Let’s look at two
examples:

Example 1.

Suppose 2 subjects choose to withdraw (and 8 choose to wait).

If you choose to withdraw, your payoff is 1.54, and if you choose to wait, your payoff is 1.73.
Example 2.

Suppose 8 subjects choose to withdraw (and 2 choose to wait).

If you choose to withdraw, your payoff is 1.25, and if you choose to wait, your payoff is 0.

Note that you are not allowed to ask other participants what they will choose. You must guess
what other people will do — how many of the other 9 people will withdraw — and act accordingly.
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Announcement

In each period, an announcement will show up in the lower right section of the screen to forecast
the number of withdrawal requests for this period.

The announcement will be either
e “The forecast is that 3 or more people will choose to withdraw”, or that

e “The forecast is that 3 or less people will choose to withdraw”.

Everybody receives the same message. The announcements are randomly generated. There is a
possibility of seeing either announcement, but the chance of seeing the same message that you
saw in the previous period is higher than the chance of seeing a different announcement. These
announcements are forecasts, which can be right or wrong. The experimenter does not know
better than you how many people will choose to withdraw (or wait) in each period. The number
of withdrawals is determined by the decisions of all participants. Your actual payoff depends
only on your own choice and the choices of other participants.

Number of Periods

This experimental session consists of 50 periods.

Computer Instructions

In each period, you start with 1 ED in the experimental bank and make a withdrawal decision
using a computer screen. An example screen is shown below.

Period

trialé of & Remaining time [seconds: 0

Please reach a decision!
Numbergfﬂ‘.’\/\lhdrawa\s

Table: payoffs if n of the 10 subjects withdraw
5
n payoff if you withdraw payoff if you wait
i 5 t 5 10

Period Announced Humber of Your Choice Your Payoff Your Total Payoff
withdrawals withdrawals
=3 <=3 2 withdraw 154 0.00
==3 2 wait 173 0.00
==3 withdraw 143 0.00
==3 wait 1.54 0.00
==3 wait 0.00 0.00

Period

Lk
@ W~

The forecast is that 3 or less people will choose to withdraw.

Do you want to withdraw or wait?

The header provides information about what period you are in and the time remaining to make a
decision. After the time limit is reached, a flashing reminder, “please reach a decision”, will
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appear. For your convenience, the same payoff table as the one on the last page of the
instructions is shown on the left section of the screen.

You choose to withdraw money or wait by clicking on one of the two red buttons either
“withdraw” or “wait”.

The screen also provides information about the history of the experiment:
- A graph of the total number of withdrawals in all past periods

- History table that provides: the history of the announcements, the actual number of
withdrawals, your decision, your payoff in each period, and your cumulative payoff

Practice Periods

Before we formally start the experiment, you will have the chance to practice your decision
making for six periods. This is an opportunity for you to become familiar with the task you will
perform during the experiment. Your choice in the practice period does not count toward your
total earnings in the experiment.

Payoff

At the end of the entire experiment, the experimenter will pay you in cash. Your earnings in
dollars will be:

Total payoff in ED x 0.1

Table: payoffs if n of the 10 subjects withdraw

n payoff if you withdraw payoff if you wait
0 n/a 2.00
1 1.54 1.88
2 1.54 1.73
3 1.54 1.54
4 1.54 1.28
5 1.54 0.92
6 1.54 0.38
7 1.43 0.00
8 1.25 0.00
9 1.11 0.00
10 1.00 n/a
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