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Non-technical summary 
 

Research Question 

We study the effects of central bank communication about financial stability on individuals’ 

expectations and risk-taking. We ask whether communication about financial stability can be 

an effective policy instrument by influencing the public’s perception of the balance of risks and 

returns in financial markets and thereby its risk-taking behavior.  

 

Contribution 

Thus far, evidence on the effects of financial stability communication is relatively scarce. Only 

a few studies have investigated the effects of financial stability communication on financial 

markets and there is virtually no evidence on how it affects the expectations and behavior of 

households. To overcome challenges in identifying causal effects of financial stability commu-

nication, we use an experiment in which subjects receive excerpts from the central bank’s as-

sessment of risks to financial stability. The adjustment in individuals’ beliefs induced by this 

information treatment allows us to identify how financial stability communication causally af-

fects individuals’ expectations and risk-taking behavior.  

 

Results 

We show that communication causally affects individuals’ beliefs and risk-taking behavior. 

Individuals receiving a warning from the central bank expect a higher probability of a financial 

crisis. We exploit the resulting exogenous variation in individuals’ crisis beliefs and show that 

higher perceived risks cause individuals to reduce their demand for risky assets. This reduction 

is driven by downward revisions in individuals’ expected reward per unit of risk due to lower 

expected returns and higher perceived downside risks. In addition, these individuals deposit a 

smaller fraction of their savings at riskier banks. Our findings imply that central bank commu-

nication about financial stability can be an effective policy instrument.  



Nichttechnische Zusammenfassung  
 

Forschungsfrage 

Wir untersuchen die Effekte von Finanzstabilitätskommunikation auf die Erwartungen und das 

Risikoverhalten von Individuen. Insbesondere beschäftigen wir uns mit der Frage, ob Finanz-

stabilitätskommunikation ein effektives Politikinstrument darstellt, das die Einschätzung von 

Haushalten zu Risiken auf Finanzmärkten beeinflusst und dadurch eine Anpassung ihres Risi-

koverhalten hervorruft. 

 

Beitrag 

Bislang existiert nur relativ wenig Evidenz zu den Effekten von Finanzstabilitätskommunika-

tion durch Zentralbanken. Nur einige wenige Studien beschäftigten sich bisher mit den Auswir-

kungen von Finanzstabilitätskommunikation auf Finanzmärkte und es gibt bislang keine Evi-

denz zu den Auswirkungen von Finanzstabilitätskommunikation auf die Erwartungen und das 

Verhalten von privaten Haushalten. Um diese Forschungslücke zu schließen, werten wir eine 

Studie aus, in der Teilnehmer ausgewählte Textausschnitte zur Risikoeinschätzung von Zent-

ralbanken zur Stabilität des Finanzsystems erhalten. Die dadurch (Treatment) ausgelöste Ver-

haltensanpassung verwenden wir anschließend, um kausale Effekte der Finanzstabilitätskom-

munikation auf Erwartungen und Risikoverhalten von Individuen aufzuzeigen. 

 

Ergebnisse 

Wir zeigen, dass Finanzstabilitätskommunikation die Erwartungen und das Risikoverhalten von 

Individuen beeinflussen kann. Teilnehmer, die eine Warnung der Zentralbank als Treatment 

erhalten, sehen eine zukünftige Finanzkrise als wahrscheinlicher an. Ein Anstieg der Krisen-

wahrscheinlichkeit führt dann zu einem Rückgang in der Nachfrage nach risikoreichen Anla-

geprodukten. Der Rückgang der Nachfrage ist von einer gesunkenen erwarteten Kompensation 

für die Übernahme von finanziellen Risiken getrieben, was sich in niedrigeren Renditeerwar-

tungen am Kapitalmarkt und gleichzeitig stärker wahrgenommenen Abwärtsrisiken widerspie-

gelt. Zusätzlich führt ein Anstieg der wahrgenommenen Krisenwahrscheinlichkeit zu einem 

Abzug von Sparguthaben bei risikoreicheren Banken. Unsere Ergebnisse implizieren, dass die 

Finanzstabilitätskommunikation von Zentralbanken ein effektives Politikinstrument sein kann.  
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Toothless Tiger
"A toothless tiger is an empty threat or an aggressive but harmless per-

son. The expression dates in this sense from the mid-20th century and

means the same thing as a paper tiger. Whoever coined this expression

obviously forgot that toothless tigers still have claws."

— Idiom Origins, September 15, 2020.

1 Introduction

Communication as a policy instrument for central banks is both heavily used and
hotly disputed. For instance, Coibion et al. (2019b) suggest that monetary policy
communication has "systematically failed" in achieving its goal of anchoring the in-
flation expectations of households and firms. Against this backdrop, the prospects of
using communication about the relatively opaque concept of financial stability ap-
pear bleak. While research on monetary policy communication has recently grown
tremendously, much less is known about the impact of central bank communica-
tion about financial stability. Only a few studies have investigated the effects of
financial stability communication on financial markets (see, e.g., Born et al., 2014),
and there is virtually no evidence on how it affects the expectations and behavior of
households.

The lack of evidence on the effects of central bank communication about financial
stability on individuals’ expectations and behavior is surprising, given that central
banks routinely communicate their financial stability assessments to the general
public via financial stability reviews, speeches, and interviews (see, e.g., Correa
et al., 2020). The objectives of financial stability communication generally mirror
those of monetary policy communication (see, e.g., Blinder et al., 2008; Born et al.,
2014). Specifically, communication seeks to contribute to the central bank’s goals
by influencing the expectations and behavior of individuals and firms. Communica-
tion also aims to ensure the transparency and accountability of the central bank. To
achieve these objectives, the target audience of financial stability communication
includes the general public, reflecting lessons learned from monetary policy com-
munication (see, e.g., Binder, 2017). Prominent examples citing the general public
explicitly as a key part of the target audience for their financial stability communica-
tion include the Federal Reserve Board (FRB), the European Central Bank (ECB),
and the Committee on the Global Financial System (CGFS), which represents 31 of
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the world’s major central banks.1

A key channel through which influencing individuals’ expectations and behavior
may contribute to safeguarding financial stability is by counteracting pro-cyclical
surges in risk-taking (see, e.g., Svensson, 2003; Born et al., 2014). These can
be fueled by excessive optimism and may generate simultaneous booms in credit,
housing, and financial markets (see, e.g., Gennaioli and Shleifer, 2018; Mian and
Sufi, 2011). Subsequent downward revisions in expectations can lead to panic in
these markets, financial fragility, and bank runs (see, e.g., Kindleberger and Al-
iber, 2011). Studying the effects of financial stability communication may also be
warranted from a broader perspective. Many central banks are legally required to
publish financial stability reports (see, e.g., Born et al., 2012), and understanding
their impact may thus help to avoid unintended side-effects on other policy goals,
for instance, related to monetary policy. Moreover, central banks are not always
granted full independence when it comes to enacting policies in order to mitigate
financial stability risks. Instead, such policies often require the consent of or col-
laboration with other government agencies or legislators (see, e.g., Bernanke et al.,
2019). Hence, aligning the public’s perception of financial stability risks with those
of the central bank can be a prerequisite for being able to employ other policy tools
to address financial stability risks, both ex ante using macroprudential tools, and ex
post using measures to counteract acute financial stress. The central bank’s success
in containing financial stability risks can, in turn, impact other policy areas, such as
monetary or fiscal policy.

In this paper, we address the question of whether communication about financial
stability can indeed "affect behavior by influencing the public’s perception of the
balance of risks [...]" (see CGFS, 2016). To address this question, we must identify
the causal impact of financial stability communication. However, this presents a
key challenge. Identification based on time series data is challenging because there
is no obvious way of disentangling the exogenous surprise element of communica-
tion from its endogenous response to macroeconomic and financial developments.
Identification based on the expectations and behavior observed for a cross-section
of individuals is likewise challenging. Even if we had information on which indi-
viduals had been exposed to financial stability communication and which had not,
1The FRB states: “This report summarizes the Federal Reserve Board’s framework for assessing the
resilience of the U.S. financial system and presents the Board’s current assessment. By publishing
this report, the Board intends to promote public understanding and increase transparency and ac-
countability for the Federal Reserve’s views on this topic.” (Link) The ECB states: “The Financial
Stability Review provides an overview of potential risks to financial stability in the euro area. It
aims to promote awareness in the financial industry and among the public of euro area financial
stability issues.” (Link) The CGFS (2016) states: "Communication is an important component of
macroprudential policy because it can affect behavior by influencing the public’s perception of the
balance of risks and/or by helping stakeholders understand future policy actions".
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the observed effects on individuals’ expectations and behavior need not be causal,
as the same unobserved characteristics may affect differences both in exposure to
central bank communication and in expectations and behavior. In addition, esti-
mating to what extent any observed changes in behavior are driven by changes in
expectations as opposed to other factors is complicated by endogeneity concerns
arising from potential reverse causality from behavior to expectations, for instance,
due to asset holders forming expectations differently than those who do not hold
assets (see, e.g., Kindermann et al., 2020).

To overcome these identification challenges, we use a randomized information ex-
periment in which subjects receive excerpts from a central bank’s assessment of
risks to financial stability as an information treatment. We exploit the exogenous
variation induced by the treatment to identify how financial stability communication
causally affects individuals’ beliefs and risk-taking behavior. The effects induced
by the treatment are causal, since given the construction of the experiment, any sys-
tematic difference between the randomly assigned treatment groups and the control
group must stem from the treatment. The information experiment is embedded in
an unique online survey conducted among students enrolled at German universities.
We consider two prototypical risk-taking decisions to which a broad range of ordi-
nary individuals may be able to relate. On the one hand, we confront individuals’
with a canonical portfolio choice decision in which they can choose to allocate a
given amount of wealth between a risky asset that is tied to the stock market and
a safe asset with a fixed return. On the other hand, we consider the allocation of
individuals’ savings between two banks with different risk-return profiles for indi-
viduals’ deposits, which are contingent on the likelihood of a financial crisis.2

The experiment consists of three stages. In the first stage, respondents receive a
financial crisis definition and are asked to report their belief about the probability
of a crisis occurring in Germany within the next two years. They further indicate
their confidence in this belief and their perception of how the crisis probability has
evolved over the past five years. Respondents also report their expectations on the
performance of the German stock market index, DAX, over the next two years. They
are then asked to divide a hypothetical endowment between a risky asset that pays a
return linked to the DAX and an asset with a fixed risk-free return. Respondents are
also asked to allocate a given amount of savings between two bank branches with
different risk profiles. The first branch offers a higher interest rate but is subject to

2We do not include real estate investment and mortgage decisions, as these may depend heavily on
individuals’ prior wealth and personal circumstances, and only a fraction of our student sample may
currently be in a position to invest in real estate or take out a mortgage. Future research could, for
instance, over-sample parts of the population representing the universe of marginal investors in the
real estate market.
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deposit risk, contingent on the occurrence of a financial crisis. The second branch
offers an interest rate that is only slightly above zero, but is guaranteed to return
deposits in full in any contingency. In the second stage, respondents are randomly
allocated to one of three groups. Members of the first two groups receive two differ-
ent excerpts from the Bundesbank’s 2019 Financial Stability Review, each featuring
a differently framed warning related to the risks in the financial system. The third
group serves as a control group that receives no warning. In the final stage of the
experiment, we re-elicit the items from the first stage in order to obtain respondents’
post-treatment beliefs and risk-taking behavior. In addition, we elicit beliefs about
the likelihood of an upper-tail and a lower-tail event in the stock market.

We find that survey respondents who receive the central bank’s warning about fi-
nancial stability risks revise their beliefs about the likelihood of a financial crisis
significantly upward relative to the control group. Respondents update their crisis
beliefs in a heterogeneous manner that is consistent with Bayesian updating. Upon
receiving the treatment, they revise their crisis beliefs less strongly if their percep-
tions about how the crisis probability evolved in the years prior to the experiment
are more in line with the information presented in the treatment, i.e., if they have a
smaller "perception gap". In addition, for a given perception gap, respondents with
higher confidence in their prior belief about the likelihood of a financial crisis also
make smaller belief revisions.

Having established that individuals revise their beliefs about the likelihood of a
financial crisis after receiving the treatment, we next investigate the impact of this
belief revision on portfolio choice. We find that respondents treated with central
bank information on risks to financial stability significantly reduce their portfolio
share allocated to the risky asset relative to the control group. This change in risk-
taking behavior can be rationalized with respondents’ revision of their subjective
stock market expectations. We find that an increase in perceived crisis probabilities
leads to a decrease in subjective stock return expectations, and to higher perceived
downside risk in the stock market. Lower return expectations combined with higher
perceived downside risk imply a lower Sharpe ratio, i.e., the expected return per
unit of risk decreases, which rationalizes the lower portfolio share allocated to the
risky asset. In addition, we find that treated individuals reduce their share of savings
deposited at the risky bank branch, as the increase in their perceived likelihood of a
financial crisis lowers their expected return on deposits at the risky branch.

Experiments involving student subjects are common in behavioral economics and
finance (see, e.g., Kahneman et al., 1986; Cadsby et al., 1990; Beshears et al.,
2013; Forsythe et al., 2015). However, student samples might not be representative
of the general population (see R. A. Peterson, 2001). In fact, our sample is skewed
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towards survey participants with an economics or business background, who are
financially more literate, and who participate more actively in the stock market than
the average German citizen. We investigate the potential bias arising from these
characteristics being over-represented in our sample. We find that economics and
business students respond less to our treatments. Hence, the resulting bias works
against us. Thus, on the one hand, our estimates may be seen as a lower bound on
the true effects of communication, conditional on being treated. On the other hand,
the estimates may represent an upper bound on the effect obtained in a field setting
in which only a fraction of the population receives information by the central bank.3

Randomized information experiments have recently gained popularity in macroeco-
nomics as a tool for studying causal effects on expectations and behavior (see, e.g.,
Armantier et al., 2016; Coibion et al., 2018; Armona et al., 2019; Coibion et al.,
2019b; Roth and Wohlfart, 2019). They also have some well-known limitations
that include potential biases arising from "anchoring" (see Tversky and Kahneman,
1974) and "experimenter demand" effects (see Crowne and Marlowe, 1964).4 In our
experimental design, we take several measures to address these potential issues. A
distinguishing feature of our experiment relative to the existing literature is the use
of qualitative instead of quantitative treatments. The use of qualitative information
mitigates the aforementioned limitations because it does not provide a numerical
anchor to respondents as an obvious target for their belief revisions. As an addi-
tional precaution, we choose the ordering of our questions to guard against potential
experimenter demand effects.5 Moreover, in our empirical analysis, we document
complex patterns of heterogeneity in individuals’ belief revisions, which vary sys-
tematically with individuals’ perception gaps, confidence, and socio-demographic
characteristics. The observed heterogeneity arguably goes beyond the reasoning
that subjects might take into account when filling out the questionnaire and thus
provides empirical support against the concern that anchoring or experimenter de-

3Evidence from a representative household survey conducted by Deutsche Bundesbank in October
2020 (Link) shows that around 85% of German households inform themselves regularly about
financial stability issues. 90% of these households receive information about financial stability via
traditional media, such as newspapers, TV or radio. Roughly 30% use reports by official institutions
such as Financial Stability Reviews of Deutsche Bundesbank and the European Central Bank as one
of their information sources.

4Anchoring refers to "the disproportionate influence on decision makers to make judgements that
are biased toward an initially presented value" (see Furnham and Boo, 2011). The experimenter
demand effect refers to the concern that "participants may try to infer the experimenter’s objective
from their treatment, and then act accordingly" (see De Quidt et al., 2018).

5In the baseline stage of the experiment, we elicit stock market expectations before crisis beliefs,
such that the sequence of questions goes against our hypothesized direction of causality. Moreover,
we place other questions before and after the treatment, so as not to elicit crisis beliefs (our central
variable) right before or after the treatment. In the final stage of the experiment, we again reverse the
order of causality by asking for respondents’ portfolio allocation before eliciting their subjectively
expected stock return.
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mand effects might drive our results. This argument is supported by recent evidence
showing that experimenter demand effects do not influence the qualitative conclu-
sions from a study (see De Quidt et al., 2019), and that their quantitative effects are
small (in the order of 0.13 standard deviations; see De Quidt et al., 2018) or absent
(see Mummolo and E. Peterson, 2019).

Our results imply that communication of financial stability risks can be an effective
macroprudential policy instrument. By affecting beliefs about the stability of the
financial system, financial stability communication is able to influence individuals’
risk-taking behavior, in line with an expectations channel of central bank commu-
nication (see, e.g., Blinder et al., 2008). Hence, the central bank can employ com-
munication, for instance, to counteract a pro-cyclical build-up in risk-taking or to
prepare for the deployment of other "hard" macroprudential policy tools. Our find-
ings also offer guidance on the design of effective central bank communication. We
find that the precise content of communication matters. A simple and targeted piece
of information leads to a stronger response than the more subtle wording typically
used in central bank communication about financial stability issues. We also find
considerable heterogeneity in the effects of financial stability communication on
individuals with different characteristics. For instance, male respondents are much
less responsive to information treatments than female respondents, complementing
existing evidence on inflation expectations where similar differences in responsive-
ness by gender have been found (see, e.g., Armantier et al., 2016; Coibion et al.,
2019b). Central banks should take into account the heterogeneous effects of their
communication and could potentially tailor different forms of communication to
different subgroups of the population.

The remainder of the paper is organized as follows. Section 2 summarizes addi-
tional related literature. Section 3 discusses the survey, the experimental design,
and sample characteristics. Section 4 illustrates the effects of the treatments on
individuals’ beliefs and risk-taking decisions in a simple, non-parametric way. Sec-
tion 5 presents the main results on the effects of financial stability communication
on respondents’ crisis beliefs. Section 6 documents the effects on risk-taking deci-
sions. Section 7 presents the effects on savings decisions. Section 8 concludes.

2 Related Literature

We contribute to a broad literature on central bank communication. One strand of
the literature focuses on monetary policy communication and its impact on finan-
cial markets (see, e.g., Gürkaynak et al., 2005; Nakamura and Steinsson, 2018;
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Ehrmann and Talmi, 2019; Schmeling and Wagner, 2019; Cieslak and Schrimpf,
2019). While communication with market participants appears to be quite success-
ful, there appears to be room for improvement in communication with the general
public. For example, Carvalho and Nechio (2014) document that only a fraction
of U.S. households form their expectations on inflation and unemployment con-
sistent with a Taylor rule. Moreover, Coibion et al. (2019b) show that most U.S.
households are poorly informed about the objectives and names of monetary poli-
cymakers, while Coibion et al. (2020a) show that central bank communication about
current monetary policy rates and forward guidance moves U.S. household expecta-
tions, although not beyond the one-year horizon. To improve communication with
the public, Bholat et al. (2019) suggest using a more simple language and content
that relates more to people’s daily life. More recently, researchers have studied
which message to communicate. Angeletos and Sastry (2020) argue theoretically
that providing information about targets rather than instruments is more effective in
managing expectations, which has been empirically confirmed by D’Acunto et al.
(2020).

Central bank communication about financial stability has, in contrast to monetary
policy, only received limited attention in the literature. The existing empirical liter-
ature focuses entirely on financial market participants and consists predominantly
of event studies, with mixed results. In an event study covering over 1,000 com-
munication events by 37 central banks, Born et al. (2014) provide evidence for a
positive and significant relationship between the tone of central communication and
abnormal stock market returns. Moreover, a number of papers have shown that
the announcement of results of bank stress tests tend to be associated with signif-
icant abnormal returns, especially in times of financial distress (see, e.g., Morgan
et al., 2014; Flannery et al., 2017; Fernandes et al., 2020). By contrast, Harris et
al. (2019) find that sentiment and policy announcements in the Bank of England’s
financial stability reviews are highly predictable and do not lead to abnormal re-
turns. The theoretical literature on optimal central bank communication has studied
its role in stabilizing inflation expectations (see, e.g., Eusepi and Preston, 2010;
Woodford, 2005), and, more recently, the optimal degree of transparency on finan-
cial stability issues (see, e.g., Horváth and Vaško, 2016). The approach taken in our
paper is non-normative and provides an empirical basis for considering the optimal-
ity of central bank communication. To the best of our knowledge, we are the first to
provide direct evidence on the effects of financial stability communication on indi-
viduals’ expectations and risk-taking decisions. Our experimental setup allows us
to overcome potential identification issues and thereby obtain causal effects.

Our empirical design fits into a recent literature that employs randomized infor-
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mation experiments to investigate how economic agents learn from and adapt to
new information in macroeconomic settings. The bulk of the literature investigates
the formation of inflation expectations both by firms (e.g., Coibion et al., 2018;
Coibion et al., 2019a), and households (e.g., Armantier et al., 2016; Coibion et al.,
2019b). See also Coibion et al. (2020b) for an overview. The existing evidence
suggests that economic agents are initially poorly informed but have a basic under-
standing of the economy, and they tend to update their expectations in response to
new information in a manner consistent with Bayesian updating. Agents seem to
face information constraints, for instance, arising from rational inattention (see, e.g.
Sims, 2003; Mankiw and Reis, 2006; Mackowiak and Wiederholt, 2015), or from
cognitive characteristics. For instance, Cavallo et al. (2017) show that both rational
inattention and cognitive limitations are important sources of information frictions
in the formation of households’ inflation expectations.

Our econometric strategy is related to Roth and Wohlfart (2019), who show in a ran-
domized information experiment that households adjust their economic outlook and
behavior in response to new information about the chances of a recession occurring
in the near future. Our empirical approach is also related to Armona et al. (2019),
who study households’ house price expectations using a randomized information
experiment. Moreover, our approach is related to papers that study expectation
formation and financial decisions via experiments performed in a controlled lab set-
ting (see, e.g., Cadsby et al., 1990; Beshears et al., 2013; Forsythe et al., 2015;
Kryvtsov and Petersen, 2020).

Finally, our paper adds to a literature on portfolio choice and the role of stock market
expectations therein. In a seminal paper, Haliassos and Bertaut (1995) show that
despite the existence of a sizeable equity premium, only a small proportion of U.S.
households invest in stocks. Subsequent studies have found that households with
higher return expectations are more likely to hold stocks (see, e.g., Dominitz and
Manski, 2007; Hurd et al., 2011; Amromin and Sharpe, 2014). Giglio et al. (2019)
show that retail investors with higher subjective return expectations allocate larger
shares of their wealth to a risky equity investment and that the expected volatility
or crash risk of risky assets has a weak impact on investors’ portfolio choice. Adam
et al. (2017) show that fluctuations in subjective return expectations can rationalize
the postwar dynamics of the U.S. stock market. We contribute to this literature by
showing that central bank communication can act as a shock to individuals’ beliefs
about the distribution of future stock market outcomes, causally affecting their risk-
taking behavior.
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3 Randomized Information Experiment

3.1 Survey

We analyze data from a randomized information experiment embedded in an internet-
based survey of students enrolled at German universities. The survey was fielded
from December 9, 2019 to February 9, 2020. A total of 831 survey participants
began filling out the questionnaire and 484 completed it, implying a completion
rate of 58%. An analysis of the characteristics of respondents who completed the
survey and those who dropped out before finishing reveals only minor differences.6

After removing outliers, we obtain a sample of N=414 respondents.7 Respondents
were distributed across approximately 70 different universities, spread geographi-
cally across the whole of Germany.8 The full English version of the questionnaire
is available in Appendix C.9

3.2 Experimental Design

The experimental setup of the survey consists of three stages: (i.) a baseline stage,
eliciting respondents’ prior beliefs and decisions, (ii.) a treatment stage, and (iii.)
a final stage, eliciting respondents’ posterior beliefs and decisions, as illustrated in
Figure 1.

6We elicit respondents’ gender and risk tolerance prior to the experiment. The average risk tolerance
is measured on a scale from 0 to 10, where 0 is defined as "risk averse" and 10 "fully prepared to
take on risks". The average risk tolerance is almost identical for those who started (4.92) and those
who finished the survey (4.94). In addition, 49% of respondents who started the survey are female,
while the share of females who completed the survey is 44%. As women respond on average more
strongly to the treatments, the latter selection effect works against our results.

7We exclude 34 respondents who report not to be enrolled at a German university. We also dis-
card respondents with a high share of item non-response (above 15%), who violate built-in logical
checks of the survey, and who estimate the two-year return of the DAX to be below -85%, as well
as respondents with implausibly extreme adjustments in their likelihood of a financial crisis of a
magnitude of above 50 percentage points. We exclude missing values on an item-by-item basis.
Item non-response typically falls in the interval of 1-3% of the sample size and is presented in
Table A.1.

8The respondents attended universities in the following cities: Aachen, Amberg, Augsburg, Bad
Honnef, Bamberg, Bayreuth, Berlin, Bielefeld, Bochum, Bonn, Braunschweig, Chemnitz, Cologne,
Darmstadt, Dortmund, Dresden, Duisburg, Düsseldorf, Eichstätt, Elmshorn, Erlangen, Flensburg,
Frankfurt, Göttingen, Hachenburg, Hagen, Halle-Wittenburg, Hamburg, Hanover, Heidelberg, Hei-
denheim, Idstein, Jena, Kassel, Kiel, Koblenz, Konstanz, Leipzig, Magdeburg, Mainz, Mannheim,
Marburg, Munich, Münster, Nuremberg, Osnabrück, Passau, Riedlingen, Saarbrücken, Siegen,
Stuttgart, Tübingen, Vallendar, Weimar, Wiesbaden, Wolfenbüttel, and Würzburg.

9The survey was administered using the web-based platform SoSci Survey. Respondents could
choose between an English and a German version of the questionnaire. 92% of valid respondents
used the German version of the questionnaire.
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Definitions and Priors

Treatment: GW

Treatment: EWI

Control

Posteriors

Baseline Stage Treatment Final Stage

Figure 1: Setup of the experiment
Note: Schematic representation of the experimental design. The stars indicate points of randomiza-
tion. Respondents are randomly allocated to one of three groups. Half of respondents is allocated
to the control group (Control), in which they receive no additional information. One quarter of re-
spondents receive a general warning (Treatment: GW) and one quarter receive a specific warning
providing information on the Bundesbank’s early warning indicator for financial crises (Treatment:
EWI).

3.2.1 Baseline Stage

The experiment starts by giving survey participants a brief introduction on how to
express expectations about future outcomes in probabilistic terms, following Ar-
mantier et al. (2016) and Roth and Wohlfart (2019). Information is then provided
on the level of the leading German stock market index, DAX, at the time the survey
was launched, and respondents are tasked with giving their expectation about the
future level of the DAX, which is a total return index, two years after being sur-
veyed. They are informed about the annualized rate of return their answer implies
and have the option of revising their expectation before proceeding, so as to allevi-
ate possible concerns regarding the framing of stock market expectations questions
(see, e.g., Glaser et al., 2019).

Respondents receive a hypothetical endowment of e5,000 and are prompted to in-
vest it for two years. They can divide the total amount between two assets: a port-
folio of stocks that pays an annual return equal to the development of the DAX
(henceforth "risky asset") and an asset that pays a fixed 1% annual return (hence-
forth "risk-free asset"). The phrasing follows a question on hypothetical investment
behavior in Armona et al. (2019).

Next, respondents are confronted with a decision to deposit their savings at bank
branches with different risk profiles. We frame the question in terms of different
branches of the same bank to exclude potential confounding effects from unob-
served bank characteristics perceived by our respondents. Branch A pays a fixed
interest rate of 3% per annum, but in the event that a financial crisis materializes, in-
dividuals recover only three quarters of their deposits. Branch B pays a fixed 0.25%
interest rate per annum and deposits in this branch are returned in full with certainty.
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Based on the historical average probability of a financial crisis of around 10% for
a horizon of one to three years ahead (see, e.g., Beutel et al., 2019), these choices
are calibrated to yield an annual expected return of 1.7% for the risky asset, such
that allocating a non-zero fraction of savings to the risky branch is rational from
the perspective of optimal portfolio allocation. Our framing deliberately abstracts
from the existing deposit insurance scheme in Germany, and our results suggest that
respondents do indeed buy into the idea that their deposits might not be returned in
full by the risky branch. Even respondents who are aware of the existence of a de-
posit insurance scheme may not be fully informed about its recovery rate, and they
may face an illiquidity cost, pertaining to the perceived time it takes for deposits to
be refunded through the scheme.

Subsequently, respondents obtain a definition of a financial crisis which is consistent
with key features of past financial crises (see, e.g., Allen and Gale, 2009; Laeven
and Valencia, 2013). Respondents are asked to express their beliefs regarding the
likelihood of a financial crisis occurring in Germany within the next two years,
expressed in probabilistic terms between 0 and 100 percent. They are also asked to
quantify their confidence in their reported crisis beliefs. Respondents’ confidence
is elicited on a scale from 0 to 100 percent, where 0 is absolutely uncertain and 100
absolutely certain. In addition, we ask respondents to provide their perception about
whether the probability of a financial crisis occurring within two years has changed
over the past five years.

3.2.2 Treatment Stage

After the baseline stage, survey participants are randomly allocated into one of three
groups. Respondents in the control group receive no further information. Respon-
dents in one of the two treatment groups receive a piece of truthful information
concerning risks to the financial system that stems from the Bundesbank’s 2019 Fi-
nancial Stability Review, published on November 21, 2019. Respondents in the first
treatment group are presented with the following general warning (GW):

"The vulnerability of the German financial system has increased con-
siderably in the past few years. Future credit risks may potentially

be underestimated and the value of collateral like real estate overesti-

mated."

Respondents in the second treatment group obtain the following information on
the development of the Bundesbank’s early warning indicator (EWI) for financial
crises:
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"The early warning indicator of Deutsche Bundesbank provides infor-

mation on how the current situation compares to the developments that

typically preceded previous financial crises. An increase in the indica-

tor suggests that the estimated likelihood of a financial crisis in Ger-

many within the next 1-3 years has risen. The early warning indicator
for financial crises has been rising sharply for several years."

The information provided in the treatments is a qualitative description of changes
in risks to financial stability relative to the past few years. The use of qualitative
information differs from related experimental studies which provide quantitative,
absolute measures as an intervention, for example, an inflation target of 2%. In re-
ality, central banks’ communication about financial stability usually does not feature
a simple, numerical metric. In contrast to the inflation rate as a key measure of price
stability, a unique summary measure of financial stability does not exist. Hence, our
identification strategy does not rely on absolute levels but rather on relative changes
in the elicited crisis beliefs. An important advantage of the use of qualitative in-
formation is that it does not provide a numerical anchor, which has been found to
significantly influence survey responses (see Furnham and Boo, 2011).

3.2.3 Final Stage

After the treatment, respondents in all three groups are again confronted with the
questions from the baseline stage. Additionally, we elicit respondents’ beliefs about
the likelihood of an upside and downside scenario in the stock market. Given a level
of the DAX of approximately 13,000 index points at the time of the survey, we ask
them to quantify the likelihood of the DAX closing above 16,000 points and below
10,000 points two years into the future, which represents a change of roughly 25%
relative to its level at the time of the survey. This question is designed to specifically
assess how the tails of respondents’ subjective return distributions are affected. The
two-year horizon is chosen so as to correspond to the prediction horizon of the
Bundesbank’s early warning indicator, which predicts the probability of a financial
crisis for a 1-3 year window.

3.3 Sample Characteristics

Table 1 presents the sample characteristics resulting from our survey. The first col-
umn reports the characteristics of the full sample. For instance, 56% of the respon-
dents are male. Respondents with substantial economic and financial knowledge

12



are over-represented in the sample, as captured by three dimensions of the ques-
tionnaire. First, a large share of respondents in the sample (71%) are enrolled in an
economics or business program. Second, the sample contains a high fraction of eq-
uity holders: 53% of respondents report holding some equity investment in individ-
ual stocks, funds, or equity options. In comparison, a representative survey found
that only 15.7% of the German population (older than 14 years) held an invest-
ment in stocks or equity funds in 2019 (see Deutsches Aktieninstitut, 2020). Third,
we borrow three questions from Lusardi and Mitchell (2011) that measure respon-
dents’ financial literacy by analyzing their understanding of three central economic
concepts: diversification, inflation, and compounding interest. Based on these mea-
sures, respondents are highly financially literate, with 95% answering these "big
three" questions correctly.10

Columns 2-4 of Table 1 break down the sample characteristics for the control group
and the two treatment groups. Respondents have been randomly allocated to treat-
ment and control groups, so as to ensure that there are no systematic differences
between these groups, other than the received treatment. We test for equality be-
tween the three subgroups for all observable sample characteristics using a one-way
analysis of variance (ANOVA) test. Column 5 reports the p-values of the test statis-
tic. We cannot reject the null hypothesis of equality in most cases, with the only
exception of the share of stockowners, which differs across groups at the 5% signif-
icance level. Overall, the randomization exercise successfully maintains the sample
properties along nearly all observed characteristics. Remaining differences between
the treatment groups are controlled for by using a vector of subject characteristics
in the regressions.

4 Communication, Beliefs and Risk-taking: A Non-
parametric Illustration

To build intuition, we begin our empirical analysis with a simple, non-parametric
exercise that illustrates the effect of the treatments on individuals’ beliefs and risk-
taking decisions. In this exercise, we compare the differences in beliefs and risk-
taking decisions between and within groups, and the differences-in-differences (DiD)
that are at the heart of our identification strategy. Table 2 summarizes the total effect

10The answer categories to the question designed to capture respondents’ understanding of com-
pounding interest over a multi-year horizon was erroneously framed in terms of the one year return
instead of the five-year return without compounding. As a consequence, the answer classified as
financial literate is still correct. Yet, it captures only a basic understanding of interest rates and not
an understanding of the concept of compounding interest.
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Table 1: Sample characteristics

Full Sample Control Treat: GW Treat: EWI p-value
(in %) (in %) (in %) (in %)

Demographics
Male 56 55 50 63 0.124
Age group

18-20 20 19 16 26 0.151
21-23 35 31 42 35 0.198
24-26 27 29 30 21 0.278
27-29 11 13 7 10 0.219
30 and above 7 8 6 7 0.832

Not married 94 94 94 93 0.874
Academic level

Bachelor 60 58 59 64 0.576
Master 35 37 37 29 0.348
Ph.D. 5 5 4 6 0.669

Above-median risk aversion 58 56 62 57 0.632
Above-median grading 50 47 49 55 0.362
Economic knowledge
Economics/Business studies 71 75 67 68 0.199
Stockholder 53 59 46 48 0.037**
High financial literacy 95 95 93 98 0.227

Observations 414 199 105 110
Note: The table reports sample characteristics as percentage shares of the full sample. The last
column shows the p-values of a one-way ANOVA test of equality of each row variable across the
three groups (Control, Treat: GW, and Treat: EWI). Male is a dummy variable that equals one if
the respondent is male. Age group is a categorical variable for different age groups of the sample.
Not married is a dummy variable which equals one if a respondent is not married. Academic level
is a categorical variable that indicates the current type of program students are enrolled in. Above-
median risk aversion is a dummy variable equal to one if the respondent reports at or above-median
risk aversion. Above-median grading is a dummy variable equal to one if the respondent has above-
median grades according to the German grading system. Economics/Business studies is a dummy
variable equal to one if a respondent’s field of studies falls in this category. Stockholder is a dummy
variable equal to one if the respondent reports holding some form of equity investment. High fi-
nancial literacy is a dummy variable that equals one if a respondent answers all three questions on
financial literacy correctly. Asterisks ** denote significance at the 5% level.

of the treatments on respondents’ perceived crisis probabilities between 0 and 100
percent (Panel A), their return expectations as measured by the implied annualized
rate of return (Panel B), their investment behavior as measured by the fraction of
the total endowment allocated to the risky asset (Panel C), and the share of savings
allocated to the risky bank branch (Panel D). A description of all variables used in
our analysis is provided in Table A.6.

The first and second row of each panel presents the pre-treatment and post-treatment
responses, respectively. For all panels, the prior responses vary only slightly be-
tween groups.11 Post-treatment, the between-group differences are much more pro-
nounced. Relative to the control group, the perceived likelihood of a financial crisis

11An ANOVA test for equality shows that the three subgroups do not vary significantly across these
three dimensions prior to the treatment. The results are presented in Table A.2.
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Table 2: Non-parametric comparisons of crisis beliefs, investment behavior, and
return expectations

Levels Between-group differences

Control T GW T EWI T GW - Control T EWI - Control

Panel A: Crisis beliefs
Pr(crisis)pre 36.13 38.39 35.50 2.26 −0.63
Pr(crisis)post 35.36 40.70 42.58 5.34 7.23
∆Pr(crisis) −0.77 2.30 7.08 3.08 7.86

Panel B: Return expectations
E(R)pre 1.63 1.27 1.08 −0.37 −0.56
E(R)post 1.63 0.76 0.28 −0.86 −1.34
∆E(R) −0.01 −0.51 −0.79 −0.50 −0.79

Panel C: Investment share
Inv. sharepre 53.73 51.09 54.55 −2.65 0.81
Inv. sharepost 52.96 45.81 50.29 −7.16 −2.67
∆Inv. share −0.77 −5.28 −4.25 −4.51 −3.48

Panel D: Savings share
Savings sharepre 58.30 58.16 59.24 −0.13 0.94
Savings sharepost 58.37 53.80 49.17 −4.57 −9.19
∆Savings share 0.07 −4.36 −10.06 −4.43 −10.13

Note: The table shows averages of survey respondents’ beliefs about the probability of a future
financial crisis reported prior to the treatment stage, Pr(crisis)pre, and in the final stage of the infor-
mation experiment, Pr(crisis)post (Panel A); their stock market return expectations before treatment,
E(R)post , and after treatment, E(R)post (Panel B); the share of the risky asset in their portfolio be-
fore treatment, Inv. sharepre, and after treatment, Inv. sharepost (Panel C); and their savings share
allocated to the risky bank before treatment Savings sharepre, and after treatment Savings sharepost

(Panel D). The within-group differences are computed as the differences between posterior and prior
values (third row of each panel). Differences between each of the treatment groups and the control
group are presented in columns 4 and 5 for prior and posterior values. The boldfaced numbers rep-
resent the average difference-in-difference value of the pre-treatment and post-treatment responses
between treatment groups and the control group.

for respondents receiving the GW (EWI) treatment is, on average, 5.34 (7.23) per-
centage points (p.p.) higher, the expected return on the stock market is, on average,
0.86 (1.34) p.p. lower, the share of the risky asset is, on average, 7.16 (2.67) p.p.
lower, and the savings share deposited at the risky bank is, on average, 4.57 (9.19)
p.p. lower.

The third row of each panel reports the within-group variation, capturing the aver-
age adjustment in respondents’ beliefs for the two treatment groups and the control
group. After treatment, the perceived likelihood of a financial crisis is, on aver-
age, 2.30 (7.08) p.p. higher, return expectations are, on average, 0.50 (0.79) p.p.
lower, the share of the risky asset is, on average, 5.28 (4.25) p.p. lower, and the
savings share deposited at the risky bank is, on average, 4.36 (10.06) p.p. lower for
respondents in the GW (EWI) treatment group than before receiving the treatment.

While comparing the differences between and within groups is already suggestive,
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the focus of our identification strategy is on the comparison of the pre-treatment and
post-treatment responses between treatment groups and the control group, obtained
by taking the DiD value from Table 2 (figures in bold). To appreciate this insight,
notice that respondents in the control group revise their beliefs about the probability
of a crisis and the share of the risky asset downwards, on average, by 0.77 p.p.
in the final stage of the experiment relative to the values reported at the baseline
stage. Several factors could influence respondents to update their responses even
without receiving any additional information. For instance, the survey might induce
respondents to give more thought to their responses .12 Such confounding effects
cancel out when considering the DiD values.

The DiD, that is, the change between pre-treatment and post-treatment responses
relative to the control group for respondents who receive the GW (EWI) treatment,
is on average 3.08 (7.86) p.p. higher for the perceived likelihood of a financial crisis,
0.50 (0.79) p.p. lower for the expected return on the stock market, 4.51 (3.48) p.p.
lower for the portfolio share of the risky asset, and 4.43 (10.13) p.p. lower for the
share of deposits allocated to the risky bank.

This non-parametric DiD exercise suggests a relationship between information treat-
ments and individuals’ beliefs about financial stability, stock market expectations,
and risk-taking decisions. In the remainder of the paper, we further explore this
relationship.

Our analysis proceeds in the following steps. First, we investigate whether individu-
als update their beliefs about the probability of a future financial crisis in response to
information treatments and whether they do so in a manner consistent with Bayesian
updating. Second, we exploit the exogenous variation in individuals’ crisis beliefs
induced by the treatments to estimate their effects on portfolio investment decisions.
Third, we rationalize changes in investment decisions with the way in which indi-
viduals update their subjective stock market expectations. Finally, we investigate
whether changes in the perceived likelihood of a financial crisis also affect respon-
dents’ behavior with respect to the share of savings allocated to banks with different
risk-return profiles.

12For a discussion of the impact of surveys on respondents’ subsequent behavior, see Zwane et al.
(2011).
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5 Communication and Crisis Beliefs

5.1 Effect of Communication on the Perceived Likelihood of a
Financial Crisis

To assess how different communication treatments affect individuals’ beliefs re-
garding the probability of a future financial crisis, we estimate the following regres-
sion:

∆Pr(crisis)i = α0 +α1T GW
i +α2T EWI

i +α3Pr(crisis)pre
i +θXi + εi, (1)

where ∆Pr(crisis)i ≡ Pr(crisis)post
i −Pr(crisis)pre

i is the difference between indi-
vidual i’s posterior belief about the probability of a financial crisis reported in the
final stage of the experiment and her prior belief reported in the baseline stage.
T GW

i and T EWI
i are binary variables that are equal to one if individual i belongs to

the GW or the EWI treatment group, respectively, and zero otherwise. We include
prior beliefs, Pr(crisis)pre

i , as a control variable in order to remove potential me-
chanical correlations between the dependent variable and prior crisis beliefs. Such
correlations can arise because the probability of a financial crisis is bounded on the
interval [0,100].13 The vector Xi contains control variables on demographic charac-
teristics (gender, age group, marital status, self-reported risk aversion, and grades),
and a group of variables related to individuals’ "economic knowledge" (economics
or business studies, stock ownership, and financial literacy). Finally, εi is a random
error term capturing measurement error and any remaining unobserved differences
between individuals.

The main coefficients of interest are α1 and α2, which identify the average treatment
effects (ATEs), that is, the average change in respondents’ beliefs about the prob-
ability of a financial crisis relative to the control group caused by the information
treatments. Under the null hypothesis, central bank communication about financial
stability does not significantly affect respondents’ beliefs about the likelihood of a
financial crisis (H0: α1 = α2 = 0). This null hypothesis is consistent with Harris et
al. (2019), who show that the Bank of England’s financial stability communication
does not contain any news that has not already been taken into account by financial

13For example, consider an extreme case in which a respondent believes that a financial crisis will
occur in the next two years with almost absolute certainty (99%). Assume that upon receiving an
information treatment, the respondent’s perceived probability of a crisis increases. In that case,
the respondent can report an at most 1 p.p. higher perceived likelihood of a financial crisis. If the
same person had instead reported a lower prior belief, she could have adjusted by more than 1 p.p.
Consequently, prior beliefs and their revision are mechanically correlated. Not controlling for this
correlation would lead to a (small) downward bias in the α1 and α2 estimates.
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Table 3: Effects of central bank communication on beliefs about financial stability

Dependent variable: ∆Pr(crisis)i (p.p.)

(1) (2) (3) (4) (5)

Treatment
T GW

i 3.15*** 3.24***
(1.10) (1.01)

T EWI
i 7.25*** 7.81***

(1.25) (1.19)
T pooled

i 5.19*** 5.58*** 5.13***
(0.95) (0.87) (0.96)

Pr(crisis)pre
i -0.06*** -0.06*** -0.07*** -0.07***

(0.02) (0.02) (0.02) (0.02)
Constant 2.47 2.43 1.79*** 1.90*** -0.30

(3.66) (3.59) (0.67) (0.68) (3.81)
Demographics Yes Yes No No Yes
Economic knowledge Yes Yes No No Yes

R2 0.21 0.18 0.15 0.12 0.16
N 331 331 414 414 331

Note: The table presents OLS estimates of changes in individuals’ beliefs about the likelihood of a
financial crisis caused by the information treatment (see Equation 1). Column 1 reports the average
treatment effect of each treatment relative to the control group. Columns 2 reports the pooled average
treatment effect, describing the average change in crisis beliefs conditional on receiving any of the
two treatments, relative to the control group. Columns 3-5 report robustness checks. Asterisks ***
denote significance at the 1% level. Robust standard errors are in parentheses.

markets.

Table 3 reports the ordinary least squares (OLS) estimates of Equation 1. Infer-
ence is based on heteroskedasticity-consistent standard errors introduced by White
(1980). The first two rows of column 1 present the ATEs of the two different pieces
of central bank communication on individual beliefs about the probability of a fi-
nancial crisis. The ATEs are positive and statistically significant at the 1% level,
showing that respondents who learn about risks to financial stability revise their cri-
sis beliefs upwards relative to those who do not receive an information treatment.
Controlling for demographics and economic background knowledge, the GW treat-
ment causes an upward revision in respondents’ crisis beliefs, by 3.15 p.p., while
the EWI treatment leads to an upward revision in crisis beliefs, by 7.25 p.p. relative
to the control group.

Note that, while the ATE of the EWI treatment is more than twice as large as that of
the GW treatment, survey respondents also respond significantly to the more subtle
information provided in the GW treatment. This finding offers valuable insights to
policymakers. On the one hand, it shows that central bankers can resort to more
complex and nuanced forms of communication because these are by no means in-
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effective. On the other hand, it suggests that simple and direct communication is a
more effective instrument to influence individuals’ beliefs about financial stability.

Since both information treatments cause significant variation in respondents’ be-
liefs about the likelihood of a financial crisis, we can also pool respondents from
the two treatment groups. Column 2 of Table 3 presents the unweighted ATE of
receiving any type of information treatment. The ATE from the pooled estimation
lies between the individual effects of each treatment and are statistically significant
at the 1% level. Columns 3-5 report robustness checks, which yield only minor
differences in ATEs estimated using different sets of control variables. To ease ex-
position, we will in the remainder of the paper focus on the pooled treatment as an
instrument for exogenous changes in respondents’ beliefs. Results for individual
treatments for all subsequent specifications will be shown in the Appendix.

5.2 Bayesian Updating

Bayesian updating implies that respondents who are more surprised by the con-
tent of the treatment should, ceteris paribus, revise their beliefs more strongly. In
addition, respondents who are more confident in their prior beliefs should, ceteris
paribus, update their beliefs less strongly (see Armona et al., 2019). Therefore, to
investigate whether respondents update their crisis beliefs consistent with Bayesian
updating, we estimate the following regression:

∆Pr(crisis)i = α0 +α1 ∗T pooled
i +α2 ∗Gapi +α3 ∗Con f idencei + (2)

+ α4 ∗T pooled
i ∗Gapi +α5 ∗T pooled

i ∗Con f idencei +

+ α6 ∗Gapi ∗Con f idencei +

+ α7 ∗T pooled
i ∗Gapi ∗Con f idencei +θXi + εi,

where Gapi denotes respondent i’s perception gap, i.e., the discrepancy between
her perception of how the probability of a crisis evolved over the past five years and
the information provided in the treatment, and Con f idencei describes respondent
i’s level of confidence in her initial crisis beliefs on a scale between 0 and 100
percent.14 T pooled

i is the pooled treatment dummy. We specify the regression with
interaction terms between all three of these variables.
14Recall that respondents’ perception of how the crisis probability has evolved over the past five

years is elicited on a qualitative 1-5 scale, where 1 implies that the likelihood of a financial crisis
"strongly increased", while 5 means that it "strongly decreased" over the past five years. Starting
from the premise that the information treatments are most consistent with a 1 on the ordinal scale,
we derive Gapi as a qualitative measure between 0 (no gap) and 4 (large gap). As an alternative
measure of the perception gap, we use a binary variable, which is equal to one if the perception
gap is larger than 1.
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Table 4: Bayesian updating of crisis beliefs

Dependent variable: ∆Pr(crisis)i (p.p.)

Categorical Gap-measure Binary Gap-measure

(1) (2) (3) (4)

Treatment (Ti) -5.687 -5.475 1.421 2.205
(5.303) (4.43) (3.510) (2.829)

Gap (Gi) -3.004 -2.195 -6.569* -3.480
(2.048) (1.542) (3.631) (2.573)

Con f idence (Ci) -0.054 -0.046 -0.028 -0.025
(0.047) (0.036) (0.028) (0.023)

Ti ×Gi 8.379** 8.070*** 13.872** 9.848*
(3.464) (2.945) (7.038) (5.418)

Ti ×Ci 0.130* 0.122** 0.048 0.038
(0.075) (0.062) (0.051) (0.042)

Gi ×Ci 0.039 0.027 0.090* 0.046
(0.029) (0.021) (0.050) (0.036)

Ti ×Gi ×Ci -0.101** -0.086** -0.181* -0.098
(0.048) (0.041) (0.098) (0.078)

Constant 0.977 2.733 -0.440 0.891
(4.637) (2.541) (3.972) (1.467)

Demographics Yes No Yes No
Economic knowledge Yes No Yes No

R2 0.18 0.12 0.17 0.10
N 331 414 331 414

Note: The table shows OLS estimates of Equation 3. Columns 1-2 use a categorical Gap measure
which is scaled between 0 (no gap) and 4 (large gap). Columns 3-4 use a binary Gap measure, which
equals one for all individuals with a perception gap of 2 or higher, and zero otherwise. Asterisks ***,
**, and * denote significance at the 1%, 5%, and 10% level, respectively. Robust standard errors are
reported in parentheses.

The coefficients of interest in Equation 3 are α4 and α7. If respondents update
in a Bayesian manner, those who are more surprised by the information should
increase their beliefs to a larger extent. Thus, we expect that α4 > 0. Moreover,
for a given perception gap, individuals who are more confident in their prior belief
should revise less. Therefore, we expect that α7 < 0.

Table 4 presents the results. Column 1 shows that the treatment effect depends
on the extent to which respondents are surprised by the treatment. The bigger the
surprise, the larger the magnitude of the revision (α̂4 > 0). For example, consider
two respondents of same characteristics, who both received an information treat-
ment but who differ in their perception how the probability of a crisis occurring
has changed in the past five years. Suppose that Person A has the prior percep-
tion that the probability "slightly increased" (GapA=1), and Person B has the prior
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perception that it "strongly increased" (GapB=0), while both persons’ confidence
in their prior belief about the likelihood of a financial crisis is at the sample mean
of 59%. Our estimates indicate that, on average, Person A updates their belief by
1.717 p.p. (≈ -3.004+8.379+59*0.039+59*(-0.101)) more than Person B. In ad-
dition, for a given perception gap, treated respondents with higher confidence in
their prior belief about the likelihood of a financial crisis also make smaller be-
lief revisions. We obtain a negative relationship of -0.101 p.p. which is signifi-
cant at the 5% level (α̂7 < 0). To put this into perspective, a treated respondent
with 10 p.p. higher confidence in her prior crisis belief and a perception gap of
2 revises her belief by -0.48 p.p. more than an otherwise identical individual (≈
10*(-0.054+0.13+2*0.039-2*0.101)). The results remain robust when not includ-
ing any control variables (column 2). Specifying Gapi as a binary variable, the
results remain qualitatively similar and significant (column 3) but loose some sta-
tistical power when not including the set of control variables (column 4).15

In sum, we find that respondents update their beliefs in a manner that is consistent
with Bayesian updating. The next section explores the heterogeneity in updating
behavior across respondents with different socio-demographic characteristics, prior
knowledge, and confidence.

5.3 Heterogeneity in Treatment Effects

Does the extent to which individuals update their crisis beliefs vary systematically
with individuals’ characteristics? If it does, what are the implications of this hetero-
geneity? To address these questions, Table 5 reports the ATEs for the full sample
and for samples split by stock ownership, field of studies, grades, and gender. We
pool the two treatment groups, and each regression controls for respondents’ prior
beliefs.16 Panel A displays the total ATE for each subsample. In addition, we de-
compose the total ATE into its extensive margin (Panel B) and intensive margin
(Panel C). The extensive margin is defined as the probability that a respondent up-

15Table A.3 replicates this analysis separately for each treatment group. The results are qualitatively
similar to those of table 4, but the magnitude and statistical significance of coefficients varies
across the two treatment groups. In particular, while we find strong evidence of belief updating
consistent with Bayesian updating (α̂4 >0 and α̂7 <0) for respondents who receive the Early Warn-
ing Indicator Treatment (Columns 5-8), the effects are smaller and less significant for the General
Warning Treatment (Columns 1-4).

16Table A.4 reports these estimates separately for the two treatments instead of the pooled treatment.
Confidence and Gap estimates do not differ by treatment group and are identical with those in
Table 5. Overall, the results are broadly consistent with those in Table 5.
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dates her belief about the likelihood of a financial crisis after the treatment stage.17

The intensive margin reflects the average revision, conditional on an update taking
place. Panel D reports the average confidence in prior beliefs and the average per-
ception gap for each subsample. By comparing these across subsamples, we explore
whether Bayesian updating can explain not only average treatment effects for the
entire sample (see previous section) but also the heterogeneity in updating behavior
across subsets of individuals.

We use the variation between stockholders and non-stockholders to shed light on the
nature of information incompleteness faced by our respondents. More than 50% of
our respondents’ report holding stocks, funds, or equity options. Non-stockholders
may follow news with relevance for financial markets less closely. Therefore, they
might be more surprised by the treatments and revise their beliefs more strongly.
We find that the treatments do indeed have stronger average effects on those who do
not own stocks (7.77 p.p.) than on those who do (3.32 p.p.). The ATEs are higher at
both the extensive and the intensive margin for non-stockholders compared to stock-
holders. Panel D shows that the stronger updating behavior of non-stockholders is
associated with a wider perception gap and lower confidence in their initial beliefs,
consistent with non-stockholders consciously being less informed about financial
market-related news.

Given that our sample is tilted towards stockholders and economics and business
students, the heterogeneity along these dimensions can be exploited to provide in-
ference on the results that might be obtained in a more representative sample. The
ATE turns out to be more than twice as large for students in other programs (8.95
p.p.) than it is for economics and business students (3.97 p.p.), with both ATEs
being significant at the 1% level. This difference is driven by the intensive margin:
conditional on an update taking place, economics and business students update their
crisis beliefs, on average, by 7.38 p.p., while students in other programs update their
crisis beliefs, on average, by 12.08 p.p. Moreover, economics and business students
are more confident in their prior beliefs and have a smaller perception gap. Taken
together, we find substantial differences in updating behavior along the character-
istics that are over-represented in our sample, namely stock ownership and field of
studies, which suggests that our results may provide a conservative estimate of the
treatment effects that might be obtained in a more representative sample.

Splitting the sample by grades, we find that respondents with weaker course per-

17To compute the extensive margin, we derive a dummy variable that is equal to one if a respondent’s
revision in crisis belief is different from zero. We then run a limited dependent variable regression
to investigate whether respondents in the treatment group are more likely to adjust their beliefs
relative to the respondents in the control group.
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Table 5: Heterogeneity in treatment effects - Crisis beliefs

Dependent variable: ∆Pr(crisis)i (p.p.)

Aggregate By stock ownership By field of studies By grades By gender By risk aversion

None Some Others Economics Good Poor Female Male Low High

A: Total effect
T Pooled

i 5.58*** 7.77*** 3.32*** 8.95*** 3.97*** 4.27*** 7.14*** 8.96*** 2.95*** 3.68*** 6.86***
(0.87) (1.29) (1.25) (1.87) (0.95) (1.21) (1.35) (1.49) (1.00) (1.30) (1.16)

N 414 191 213 117 289 187 184 181 229 174 240

B: Extensive margin
T Pooled

i 0.15*** 0.20*** 0.12* 0.13 0.14** 0.12* 0.18** 0.25*** 0.09 0.05 0.21***
(0.05) (0.07) (0.07) (0.09) (0.06) (0.07) (0.07) (0.07) (0.07) (0.08) (0.06)

N 414 191 213 117 289 187 184 181 229 174 240

C: Intensive margin
T Pooled

i 9.37*** 13.33*** 5.25** 12.08*** 7.38*** 7.28*** 11.97*** 12.32*** 5.70*** 7.10*** 11.02***
(1.48) (2.31) (2.18) (2.64) (1.81) (2.12) (2.26) (2.12) (1.99) (2.57) (1.75)

N 225 108 110 80 141 100 102 114 110 82 143

D: Bayesian updating
Con f idencei 59.45 56.65 61.99 52.42 62.55 56.17 62.92 54.10 63.92 64.07 56.10

[25.18] [25.10] [25.11] [25.87] [24.51] [26.70] [23.02] [25.26] [24.24] [24.14] [25.44]
Gapcategoric

i 1.21 1.28 1.14 1.27 1.19 1.28 1.13 1.39 1.08 1.09 1.30
[0.85] [0.84] [0.86] [0.89] [0.85] [0.89] [0.82] [0.88] [0.81] [0.77] [0.90]

Gapbinary
i 0.84 0.87 0.81 0.85 0.83 0.87 0.81 0.90 0.79 0.82 0.85

[0.37] [0.34] [0.40] [0.35] [0.38] [0.34] [0.39] [0.31] [0.41] [0.39] [0.35]

N 414 191 213 117 289 187 184 181 229 174 240

Note: Panel A presents the average effects of the pooled treatment for selected subsamples which are split along binary individual-specific characteristics of respondents
(dummies on respondents’ stock-ownership, field of studies, grades, gender and risk-aversion). The parameters are expressed relative to the average effects of the specific
subgroup who is allocated into the control group. Panel B displays the extensive margin of the treatment effects. Panel C contains the intensive margin of treatment effects.
Panel D reports the average confidence in prior beliefs and the average perception gap of the categorical and binary measure for each subsample with the standard deviation in
square brackets. Asterisks ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. Robust standard errors are in parentheses.
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formance update their beliefs more strongly than respondents with stronger perfor-
mance. Related to recent research about the effect of IQ on expectation formation
(see, e.g., D’Acunto et al., 2019), our results suggest that cognitive abilities may
play a role in shaping individuals’ responses to information communicated by the
central bank. The stronger updating gain of individuals with poorer grades is also
interesting from the perspective of findings by Adam et al. (2015), who show that
less experienced households update their stock return expectations too strongly and
suffer welfare losses as a result.

Differences in gender matter, too. The ATE for female respondents (8.96 p.p.) is
significantly higher than the ATE for male respondents (2.95 p.p.). We find that
female respondents who receive a treatment are 25 p.p. more likely to update their
crisis beliefs relative to female respondents that belong to the control group. Con-
versely, male respondents who receive a treatment are not significantly more likely
to update relative to male respondents belonging to the control group. Furthermore,
conditional on updating, the ATE at the intensive margin is higher for female re-
spondents than for male respondents. Female respondents revise their estimates on
average by 12.32 p.p. more in the treatment group relative to the control group,
whereas the ATE at the intensive margin for male respondents is only 5.7 p.p. The
result that female survey participants display stronger updating behavior than male
participants is in line with, e.g., Armantier et al. (2016) and Coibion et al. (2019b),
who investigate updating behavior in the context of inflation expectations. Panel D
sheds light on potential reasons between the differential updating behavior of male
and female respondents. Female respondents have a wider perception gap and are
less confident in their prior beliefs than male respondents. While existing research
in behavioral finance suggests that men are on average more prone to "overcon-
fidence" than women (see, e.g., Barber and Odean, 2001), the smaller perception
gap observed on average for male respondents suggests better informedness as an
alternative explanation.

6 Communication and Investment Decisions

6.1 Effect of Communication on Risky Asset Portfolio Share

As stated in the introduction, central banks use communication about financial sta-
bility as a macroprudential instrument with the objective to "affect behavior by in-
fluencing the public’s perception of the balance of risks [...]" (see CGFS, 2016, p.
22). Having shown that communication can indeed shift respondents’ perception of
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the balance of risks as measured by changes in beliefs about the likelihood of a fi-
nancial crisis, we now ask the natural follow-up question: Do beliefs about financial
stability affect behavior?

A naive way of formalizing the relationship between beliefs about the probability of
a financial crisis and individual behavior would be to use the following regression
equation:

Inv. sharepre,post
i = b0 +b1Pr(crisis)pre,post

i +ϑXi +ϕi, (3)

where Inv. Sharepre,post
i denotes the fraction of the total amount allocated to the

risky asset before or after treatment. While this setup allows us to study the correla-
tion between respondents’ crisis beliefs and the portfolio share invested in the risky
asset, it is not suitable for identifying causal effects. It is well documented that
personal experiences influence individual expectations of macro-level aggregates
(see, e.g., Malmendier and Nagel, 2011; Kuchler and Zafar, 2019), pointing to a
potential endogeneity between beliefs and behavior. In addition, any unobserved
characteristics that influence both the belief about the likelihood of a financial cri-
sis and investment behavior could lead to spurious correlation without causality.
Measurement errors in the elicited crisis beliefs constitute another challenge which
could attenuate the b1 coefficient towards zero.

To confront these concerns, we take advantage of the specific design of our exper-
iment. Focusing on intra-subject variation allows us to cancel out all fixed effects
and potential measurement errors in the level of crisis beliefs, for instance, due to
heterogeneous perceptions of probabilities. To resolve endogeneity concerns and
pin down causal effects, we employ an instrumental variables (IV) approach which
exploits the DiD shown in our non-parametric illustration. Specifically, we exploit
the exogenous variation in respondents’ beliefs about the probability of a future
financial crisis introduced via information treatments as a first stage, in order to
identify the causal effect of a change in crisis beliefs induced by central bank com-
munication on investment behavior in a second stage. This econometric approach
is in line with Roth and Wohlfart (2019). We opt for pooling the treatment groups
rather than using two separate treatment dummies as an instrument because the
pooled treatment provides a stronger first stage.

Formally, we estimate the following IV regression system, which isolates the effect
of changes in crisis beliefs that are caused by the exogenous information treatment
by instrumenting for the change in crisis beliefs with the random allocation to the
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Table 6: The impact of beliefs about financial stability on risk-taking

Dependent variable: ∆Inv. sharei (p.p.)

OLS IV

(1) (2) (3) (4) (5)

∆Pr(crisis)i -0.44*** -0.73** -0.73*** -0.70** -0.72**
(0.12) (0.33) (0.27) (0.28) (0.30)

Pr(crisis)pre
i -0.16*** -0.18*** -0.19*** -0.17***

(0.05) (0.05) (0.04) (0.04)
Inv. sharepre

i -0.16*** -0.16*** -0.15***
(0.04) (0.04) (0.03)

Constant 9.04 10.70 12.70*** 4.96** -1.33
(7.51) (7.39) (2.94) (2.00) (1.09)

Initial corner solution Yes Yes Yes No No
Demographics Yes Yes No No No
Economic knowledge Yes Yes No No No

R2 0.19
N 331 331 414 414 414
First stage F −Stat 30.30 41.35 41.15 39.11

Note: This table reports estimates of the effect of changes in crisis beliefs on changes in financial
risk-taking behavior. Column 1 shows the OLS estimate of Equation 3, and IV estimates of Equation
4 are shown in columns 2-5. The R2 of these regressions is omitted as they lack a meaningful statis-
tical interpretation in the case of 2SLS estimation. Initial corner solution is a dummy variable that
indicates whether respondents have an extreme (0 or 100%) asset allocation prior to the treatment.
Asterisks ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. Robust
standard errors are reported in parentheses.

pooled treatment group (T pooled
i ):

∆Inv.sharei = β0 +β1 ̂∆Pr(crisis)i + (4)

+ β2Pr(crisis)pre
i +β3Inv.sharepre

i +σXi +ρi,

̂∆Pr(crisis)i = α̂0 + α̂1T pooled
i + α̂2Pr(crisis)pre

i + α̂3Inv.sharepre
i + θ̂Xi. (5)

We control for respondents’ prior crisis beliefs, Pr(crisis)pre
i , and their prior in-

vestment allocation, Inv.sharepre
i , in both equations. These priors remove potential

mechanical correlations that may distort the β1 and α1 coefficients. As before, we
include control variables for demographics and economic knowledge. In addition,
we control for corner solutions in the prior investment share using a dummy vari-
able, which takes the value of one if Inv.sharepre

i equals a 0% or 100% share of
the risky asset and the value of zero otherwise. The null hypothesis that changes
in beliefs about the likelihood of a financial crisis have no impact on respondents’
decisions regarding the portfolio share allocated to the risky asset is H0 : β1 = 0.

Table 6 shows the results obtained for the second-stage regression in Equation 4
estimated by OLS and IV. The OLS estimates in column 1 indicate that there is
a negative correlation between changes in the likelihood of a financial crisis and
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changes in the risky asset share. The second-stage IV regression in column 2 is
based on a strong instrument for respondents’ revision in crisis beliefs (F-Stat =
30.30).18 In the fully specified IV model, we find that a 1 p.p. increase in the per-
ceived likelihood of a financial crisis causes a reduction in the risky asset share by
0.73 p.p. (column 2). This effect is statistically significant at the 5% level. The
effect is also economically significant. Consider the average revision of the pooled
treatment: Upon receiving information on the central bank’s assessment about fi-
nancial stability, respondents increase their perceived likelihood of a financial crisis
by 5.19 p.p. This increase causes respondents to adjust the risky asset portfolio
share, on average, by -3.79 p.p. (≈−0.73∗5.19). These results suggest that central
bank communication has the power to influence risk-taking behavior by signifi-
cantly changing individuals’ perceptions about financial stability risks and about
the balance of risk and return in financial markets.

6.2 Consistency with Models of Optimal Portfolio Choice

What explains individuals’ revisions of their portfolio investment decision? In this
section, we assess whether individuals’ decision can be rationalized by a simple
model of portfolio choice in which the optimal portfolio share allocated to the risky
asset depends positively on its expected return and negatively on its perceived risk.
This basic risk-return trade-off which characterizes financial markets can be derived
under different specifications. For instance, Campbell and Viceira (2003) consider
a standard model of portfolio choice in which individuals maximize the discounted
value of the utility of consumption, C, under constant relative risk aversion prefer-
ences with parameter γ and a standard inter-temporal budget constraint:

maxEt

∞

∑
i=0

δ i C1−γ

t+i −1
1− γ

(6)

Wt+1 = (1+Rp,t+1)(Wt −Ct) (7)

Rp,t+1 = αtRt+1 +(1−αt)R f ,t+1 (8)

where wealth in period t + 1, Wt+1, depends on the amount of savings from the
previous period multiplied by the return on individuals’ portfolio, Rp,t+1, which is
a weighted average of the return on the risky asset, Rt+1, and the return on the risk-
free asset, R f ,t+1, weighted by individuals’ portfolio share allocated to the risky
asset, αt . Under the assumptions maintained in Campbell and Viceira (2003), this
yields a familiar expression for the optimal portfolio share allocated to the risky

18The results are qualitatively similar to those in Table 6 when using the two separate treatment
dummies as instruments; however, these sometimes lack statistical power (see Table A.5, columns
1-4).
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asset:

αt =
Etrt+1 − r f ,t+1 +σ2

t /2
γσ2

t
(9)

where lowercase letters denote the natural logarithm of the respective gross returns,
i.e. rt+1 = ln(1+Rt+1), and one half of the conditional variance of the log risky
gross return denoted, σ2

t , is added to convert from expected log returns to log ex-
pected returns.19 This yields the optimal portfolio share as a linear function of the
(log) expected equity premium scaled by its variance and individuals’ risk aversion.

Based on individuals’ revisions in beliefs about expected returns and risk, we inves-
tigate whether the observed shift in investment behavior triggered by information
treatments is consistent with optimal portfolio choice. While we do not elicit a den-
sity forecast from respondents, we elicit their perceived likelihood of tail scenarios
in the stock market as a proxy for perceived risk. This allows us to test qualitatively
whether the revision in respondents’ portfolio share is consistent with the risk-return
trade-off predicted by optimal portfolio allocation. The observed reduction of indi-
viduals’ risky asset share is consistent with the model’s predictions if respondents i)
reduce their expected excess stock market return and/or ii) increase their perceived
risk of a downside stock market scenario. We investigate both of these aspects in
turn.

6.2.1 Revisions in Subjective Expected Returns

To investigate how changes in respondents’ perceived likelihood of a financial cri-
sis caused by the treatments affect their subjective stock return expectations, we
reformulate our IV regression system as follows:

∆E (R)i = β0 +β1 ̂∆Pr(crisis)i + (10)

+ β2Pr(crisis)pre
i +β3E (R)pre

i +σXi +ρi,

̂∆Pr(crisis)i = α̂0 + α̂1T pooled
i + β̂2Pr(crisis)pre

i + β̂3E (R)pre
i + θ̂Xi. (11)

The OLS and IV regression estimates are shown in Table 7. Column 1 displays
the OLS estimates. We find robust evidence that an increase in the perceived prob-
ability of a financial crisis is significantly negatively associated with respondents’
subjective return expectations. The IV estimates in column 2 indicate that this re-
lationship is causal: For the fully specified model, an exogenous 1 p.p. increase in
the perceived likelihood of a financial crisis causes a significant reduction in return
expectations by 0.14 p.p. The effect is robust to specifications with a different set of
control variables and to using the two treatment dummies as separate instruments
19The assumption that the natural logarithm of the (risky) return is normally distributed, implies that

Etrt+1 − r f ,t+1 +σ2
t /2 = lnEt(1+Rt+1)/(1+R f ,t+1) (see Campbell and Viceira, 2003).
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Table 7: Beliefs about the likelihood of a crisis and their impact on return expecta-
tions

Dependent variable: ∆E (R)i (p.p.)

OLS IV

(1) (2) (3) (4) (5)

∆Pr(crisis)i -0.05** -0.14*** -0.12*** -0.11*** -0.12***
(0.02) (0.05) (0.04) (0.04) (0.04)

Pr(crisis)pre
i -0.02** -0.02** -0.02** -0.02**

(0.01) (0.01) (0.01) (0.01)
E(R)pre

i -0.06* -0.07* -0.05
(0.04) (0.04) (0.03)

Constant -0.47 0.13 0.67* 0.46* -0.10
(1.11) (1.19) (0.38) (0.27) (0.12)

Demographics Yes Yes No No No
Economic knowledge Yes Yes No No No

R2 0.109
N 331 331 414 414 414
First stage F −Stat 29.55 40.54 41.15 39.11

Note: The table presents estimates of the effect of changes in crisis beliefs on changes in subjective
return expectations (see Equation 10). OLS estimates are reported in column 1, IV estimates are
shown in columns 2-5. The R2 in columns 2-5 is omitted as it lacks a meaningful statistical interpre-
tation in the case of 2SLS estimation. Asterisks ***, **, and * denote significance at the 1%, 5%,
and 10% level, respectively. Robust standard errors are reported in parentheses.

(see Table A.5).

The estimated effect is also economically significant. Recall that the pooled ATE of
the information treatment on the perceived likelihood of a financial crisis is equal to
5.19 p.p. The average increase in the perceived crisis probability causes respondents
to adjust their subjective return expectations by -0.73 p.p. (≈ −0.14 ∗ 5.19). The
reduction in subjective return expectations is consistent with the reduction in the
portfolio share of the risky asset.

6.2.2 Perceived Likelihood of Stock Market Tail Events

To investigate the second channel that could rationalize the observed revisions in
individuals’ investment behavior, we estimate the effect of changes in crisis beliefs
on the tails of respondents’ subjective return distributions. We use a survey item
elicited in the post-treatment stage of the experiment, which asks respondents to
provide their perceptions regarding the probability (measured between 0-100 per-
cent) of two potential stock market scenarios materializing in two years. The first is
an upside scenario in which the DAX closes at above 16,000 points, and the second
is a downside scenario in which the DAX closes at below 10,000 points. Start-
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ing from an initial level of 13,000 points in late 2019, these tail scenarios imply
an annualized return of above 12% and below -11% over two consecutive years,
respectively.

Since we elicited beliefs about these tail scenarios only after treatment, we cannot
compute within-group revisions, and therefore focus on the between-group differ-
ences in the posterior tail perceptions for identification. To that end, we follow
Roth and Wohlfart (2019) by assuming that, due to the randomization of the treat-
ment groups, there are no material differences between the prior tail perceptions
of the pooled treatment group and the control group (see also the ANOVA tests for
equality of means shown in Table A.2). Under this assumption, posterior differ-
ences between control and treatment groups can be identified as causal effects. To
analyze the causal impact of the perceived probability of a financial crisis on stock
market tail perceptions, we estimate the following IV regression system:

Tail scenariopost
i = β0 +β1

̂Pr(crisis)post
i +ρXi + εi, (12)

̂Pr(crisis)post
i = α̂0 + α̂1T pooled

i + α̂2Pr(crisis)pre
i + θ̂Xi. (13)

where, depending on the specification, Tail scenariopost
i is either the perceived like-

lihood of an upper-tail or a lower-tail scenario in the stock market, and we instru-
ment posterior crisis beliefs with the random allocation to the pooled treatment
group.

OLS and IV estimates of the regression in Equation 12 are shown in Table 8 for the
lower-tail and upper-tail scenario. Panel B displays the results of the IV approach.
We find a positive and significant effect on the likelihood of the lower tail scenario.
A 1 p.p. higher likelihood of a financial crisis increases the subjective likelihood
of the lower-tail scenario by 1.19 p.p. IV estimates for the upper-tail scenario are
not statistically significant, suggesting that individuals’ do not just shift their return
distribution, but change its shape by shifting more mass to its lower tail.20

Taken together, these findings suggest that respondents incorporate beliefs about
financial stability into their subjective return distribution. An exogenous increase
in the perceived likelihood of a financial crisis causes respondents to not only re-

20A caveat is the strength of the instrument. The first stage F-statistic is only 5.34 (7.27) with
(without) the full set of control variables and thus below the commonly used threshold of 10. We
test for under-identification using the Kleibergen and Paap (2006) test. We find that the correlation
between the endogenous variable and the instrument is statistically different from zero with a p-
value of 0.0196 (0.0074) with (without) the full set of control variables. We attribute the relatively
weak first stage to the alternative identification strategy. In all the previous settings, we utilize the
within-individual variation in respondents’ beliefs as an instrumented variable. In this case, we
rely on a between-group comparison, where the individual fixed effects cannot be canceled out.
Consequently, we can only explain a much smaller fraction of the total variation in the endogenous
variable with the randomized group allocation.
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Table 8: Beliefs about financial stability and the impact on the perceived likelihood
of tail events

Dependent variable: Tail scenariopost
i (p.p.)

Lower tail
(p. p.)

Upper tail
(p. p.)

(1) (2) (3) (4)

Panel A: OLS
Pr(crisis)post

i 0.45*** 0.45*** 0.07* 0.10***
(0.06) (0.05) (0.04) (0.03)

Constant 19.43** 7.50*** 29.73*** 18.18***
(8.57) (1.80) (7.11) (1.56)

Demographics Yes No Yes No
Ecconomic knowledge Yes No Yes No

Panel B: IV
Pr(crisis)post

i 1.19** 0.88** -0.01 -0.26
(0.47) (0.35) (0.30) (0.29)

Constant -18.10 -8.91 33.84** 32.08***
(26.43) (13.58) (16.75) (11.43)

Demographics Yes No Yes No
Economic knowledge Yes No Yes No

N 331 414 331 414
First stage F −Stat. 5.34 7.27 5.34 7.27

Note: The table shows OLS estimates (Panel A) and IV estimates (Panel B) of the effect of crisis
beliefs on the perceived likelihood of a lower-tail (columns 1-2) and upper-tail (columns 3-4) stock
market scenario (see Equation 12). Asterisks ***, **, and * denote significance at the 1%, 5%, and
10% level, respectively. Robust standard errors are reported in parentheses.

duce their return expectations but also report a higher likelihood of the downside
stock market scenario, implying a heavier lower tail of the distribution. The change
in respondents’ subjective return distribution leads to a reduction in the subjective
Sharpe ratio, causing a reduction in respondents’ demand for risky assets. This find-
ing sheds light on the transmission mechanism of financial stability communication:
Central bank communication about increased risks to financial stability lowers ex-
pected returns and exacerbates perceived downside risks, leading individuals’ to
decrease their risk-taking.

7 Communication and Deposit Decisions

The financial crisis of 2008 has shown that despite sophisticated deposit insurance
schemes, the safety of individuals’ bank deposits and the prospect of bank runs can
be a serious issue in the unfolding of a financial crisis. While traditional bank runs
(see, e.g., Diamond and Dybvig, 1983) were not the original cause of the problems
in the financial sector, the threat of bank runs by the general public was real. In the
months preceding the bankruptcy of Lehman Brothers, the Deposit Insurance Facil-
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ity’s (DIF) reserve ratio dropped below the statutory minimum of 1.15% of insured
deposits. After Lehman’s collapse, depletion of the DIF accelerated, reaching a low
point of negative USD 20.9 billion by the end of 2009 (see Federal Deposit Insur-
ance Corporation, 2018). These events led to several interventions by the FDIC in
order to replenish the DIF and ensure the safety of deposits. In Europe and the Asia-
Pacific region, many governments announced unprecedented blanket guarantees for
individuals’ deposits shortly after the Lehman bankruptcy (see Schich, 2009).

What are the channels through which communication about financial stability could
impact the risks related to individuals’ deposits and bank runs? First, related to
the discussion on the optimal degree of transparency of central banks (see, e.g.,
Horváth and Vaško, 2016), raising awareness of financial stability risks could poten-
tially have the unintended consequence of triggering a bank run, or of exacerbating
problems at weaker institutions. Second, to the extent that individuals adjust their
deposit behavior in response to heightened perceived financial stability risks, this
could alleviate moral hazard concerns associated with deposit insurance schemes
(see, e.g., Keeley, 1990; Demirgüç-Kunt and Huizinga, 2004). Even for fully in-
sured deposits, such a disciplining element for banks could arise when depositors
perceive liquidity or administrative costs associated with refunding through a de-
posit insurance scheme. Third, informing the public about a gradual build-up of
risks in the financial system might mitigate systemic risk by reducing individu-
als’ exposure to weaker banks at a time when these are still able to raise funding
from other sources or to sell assets at non-distressed market prices. Our experiment
provides an empirical basis for assessing these potential effects, and for designing
optimal communication strategies that take such effects into account.

To trace out the change in the savings share allocated to the risky bank caused by the
change in the perceived likelihood of a financial crisis induced by financial stability
communication, we estimate the following IV regression system:

∆Savings sharei = β0 +β1 ̂∆Pr(crisis)i + (14)

+ β2Pr(crisis)pre
i +β3Savings sharepre

i +σXi +ρi,

̂∆Pr(crisis)i = α̂0 + α̂1T pooled
i + α̂2Pr(crisis)pre

i + (15)

+ α̂3Savings sharepre
i + θ̂Xi.

The resulting estimates in Table 9 show that, in response to an upward revision
of the perceived crisis probability induced by the financial stability communica-
tion treatment, respondents revise their savings share allocated to the risky bank
branch downwards. Column 2 contains our main IV specification with the full set
of controls. It shows that a 1 p.p. increase in the perceived crisis probability lowers
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Table 9: The impact of beliefs about financial stability on saving decisions

Dependent variable: ∆ Savings sharei (p.p.)

OLS IV

(1) (2) (3) (4) (5)

∆Pr(crisis)i -0.56*** -1.34*** -1.31*** -1.32*** -1.33***
(0.13) (0.29) (0.27) (0.27) (0.28)

Pr(crisis)pre
i -0.07* -0.12*** -0.13*** -0.09**

(0.04) (0.04) (0.04) (0.04)
Savings sharepre

i -0.10*** -0.10*** -0.11***
(0.02) (0.03) (0.02)

Constant 7.21 12.43* 10.48*** 2.14 -0.96
(6.28) (7.35) (2.74) (1.37) (0.71)

Initial corner solution Yes Yes Yes No No
Demographics Yes Yes No No No
Economic knowledge Yes Yes No No No

R2 0.24 . . . .
N 331 331 414 414 414
First stage F-Stat 29.90 40.98 41.15 39.11

Note: This table reports estimates of the effect of changes in crisis beliefs on changes in individuals’
saving behavior (see Equation 14). OLS estimates are reported in column 1, IV estimates are shown
in columns 2-5. The R2 in columns 2-5 is omitted as it lacks a meaningful statistical interpretation
in the case of 2SLS estimation. Initial corner solution is a dummy variable that indicates whether
respondents have an extreme (0 or 100%) asset allocation prior to the treatment. Asterisks ***, **,
and * denote significance at the 1%, 5%, and 10% level, respectively. Robust standard errors are
reported in parentheses.

the share of savings allocated to the risky bank branch by roughly 1.3 p.p. This
magnitude is economically significant and explains the observations from the non-
parametric exercise in Table 2: For an average change of crisis beliefs of roughly 8
p.p. (3 p.p.) in the EWI (GW) treatment group relative to the control group, the esti-
mated effect explains the decrease in the savings share of roughly 10 p.p. (4.4 p.p.)
in the EWI (GW) treatment group relative to the control group. The first column
of Table 9 shows that an OLS regression would have substantially underestimated
the effect of changes in crisis beliefs on the savings allocation. Columns 3 to 5
show that although our control variables are significant, they do not exert a major
influence on the estimated effect of the change in crisis beliefs.

Table 10 analyses the heterogeneity in the revisions of the savings allocation in-
duced by the communication treatments. With the exception of stock ownership,
we find that the same characteristics that affect the change in crisis beliefs also de-
termine the change in the savings share allocated to the risky bank branch. This sug-
gests that the cross-sectional heterogeneity in the revision of the savings allocation
can largely be explained by the impact of these characteristics on belief revisions.
Our estimates show that a non-economic background, poor grades, and high risk
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aversion are associated with larger downward revisions in the savings share allo-
cated to the risky bank branch in response to the communication treatment. Female
respondents also display larger revisions in the savings share which is consistent
with their belief updating behavior.

Our findings suggest that central bank communication about financial stability can
indeed affect individuals’ savings allocation decision. More research may be needed
on individuals’ perception of the guarantees offered by deposit insurance, from
which our experiment deliberately abstracted. With this caveat in mind, our find-
ings suggest that, when communicating about financial stability, central banks may
want to consider the above discussed (desired as well as unintended) consequences
of their communication on individuals’ savings allocation decisions.
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Table 10: Heterogeneity in treatment effects - savings share

Dependent variable: ∆Savings sharei (p.p.)

Aggregate By stock ownership By field of studies By grades By gender By risk aversion

None Some Others Economics Good Poor Female Male Low High

A: Total effect
T Pooled

i -7.28*** -7.27*** -7.16*** -9.17*** -6.31*** -6.59*** -8.33*** -10.92*** -4.50*** -5.43*** -8.56***
(1.33) (2.05) (1.60) (2.97) (1.43) (2.17) (1.95) (2.45) (1.25) (1.91) (1.84)

N 414 191 213 117 289 187 184 181 229 174 240

B: EM
T Pooled

i 0.16*** 0.21*** 0.13** 0.17** 0.15*** 0.19*** 0.10 0.20*** 0.13** 0.11* 0.19***
(0.04) (0.06) (0.06) (0.08) (0.05) (0.06) (0.06) (0.07) (0.05) (0.06) (0.05)

N 414 191 213 117 289 187 184 181 229 174 240

C: IM
T Pooled

i -19.78*** -18.29** -19.04*** -20.57** -18.19*** -16.05*** -24.19*** -21.54*** -13.31*** -13.59* -22.91***
(4.16) (7.80) (4.73) (9.29) (4.50) (5.85) (5.71) (6.12) (4.27) (7.20) (5.46)

N 106 49 54 36 70 53 46 56 50 42 64

Note: Panel A presents the average effects of the pooled treatment on revisions in individuals’ savings share. Results are reported for the aggregate as well as for selected
subsamples, which are split along binary individual-specific characteristics of respondents (dummies on respondents’ stock ownership, field of studies, grades, gender, and
risk-aversion). The parameters are expressed relative to the average effects of the specific subgroup that is allocated into the control group. Panel B displays the extensive margin
of the treatment effects. Panel C contains the intensive margin of treatment effects. Asterisks ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.
Robust standard errors are in parentheses.
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8 Conclusion

Central bank communication has become an increasingly important instrument, not
only for monetary policy but also for macroprudential policy. While research on
the effects of monetary policy communication has recently flourished, much less
is known about the effects of financial stability communication. We present novel
evidence on the impact of central bank communication about financial stability on
individuals’ expectations and risk-taking.

Using a randomized information experiment embedded in a survey, we show that
survey participants react to financial stability communication by significantly re-
vising their beliefs about the likelihood of a future financial crisis: If the central
bank asserts that risks to financial stability have risen, respondents believe that
a crisis is more likely to happen in the near future. We exploit the resulting ex-
ogenous variation in individuals’ beliefs to establish causal effects on individuals’
risk-taking behavior. We find that, when survey respondents are confronted with
a portfolio choice between a risky and a risk-free asset, an exogenous increase in
their perceived crisis probability induced by central bank communication signifi-
cantly reduces their demand for the risky asset. This reduction is largely driven by
a downward revision in individuals’ subjective return expectations and an increase
in the perceived downside tail risk for the asset’s return. The observed revision in
respondents’ investment decisions is consistent with standard models of portfolio
choice, which predict that downward revisions in respondents’ expected Sharpe ra-
tio should, ceteris paribus, cause them to lower their demand for risky assets. In a
similar vein, respondents lower their share of deposits at riskier banks in response
to receiving a warning about financial stability risks.

The extent to which individuals update their beliefs regarding the probability of a
crisis varies along key dimensions predicted by Bayesian theory. Specifically, re-
spondents who are more surprised by the information treatments and are less confi-
dent in their prior beliefs update their beliefs more strongly. In addition, individuals
with lower incentives to acquire information about the state of the financial system
due to not owning financial assets are more surprised by the treatments and, conse-
quently, update their beliefs more strongly. Interestingly, female respondents also
tend to display stronger updating behavior than male respondents, consistent with
existing evidence on the formation of individuals’ inflation expectations. We find
that the smaller updating gain of male respondents may be explained by smaller
perception gaps and higher confidence.

Our findings imply that central bank communication about financial stability can
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be an effective policy instrument. This instrument operates through an expecta-
tions channel: By steering beliefs about the stability of the financial system and the
perceived balance between risk and return in financial markets, the financial risk-
taking behavior of individuals can be influenced. A central bank seeking to achieve
maximum impact on individuals’ expectations and behavior should communicate
in simple and direct terms rather than using more complex information.

Several interesting questions for future research arise. While randomized informa-
tion experiments have become a key method to estimate the effects of communica-
tion conditional on individuals receiving it, assessing how many people are exposed
to central bank communication in practice, e.g., via newspapers and social media,
and which of these communication channels are most effective is left for future re-
search. More research is also needed to understand the impact of financial stability
communication on different dimensions of risk-taking, for instance, in the housing
market or regarding household indebtedness. In addition, future research should
investigate whether financial and non-financial firms react differently to financial
stability communication than individuals. Our findings may also provide renewed
impetus for considerations on the timing, content, and aims of optimal financial
stability communication.
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10 Appendix

10.1 A: Additional Tables

Table A.1: Missing values

Missing Total Obs. Missing in %

Gender 4 414 0.97
Age 8 414 1.93
Marital status 11 414 2.66
Academic level 6 414 1.45
Risk aversion 0 414 0
Grades 43 414 10.39
Financial literacy 32 414 7.73
Stock ownership 10 414 2.42
Field of studies 8 414 1.93

Note: This table reports the missing values of all control variables that are included in the analysis
for which respondents had the option to skip or to refuse to answer on an item-by-item basis. Fi-
nancial literacy is an aggregate measure for respondents who did not answer at least one of the three
questions therein.
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Table A.2: Test of equality for main variables

Full Sample Control T GW T EWI P-value

A: Crisis beliefs
Pr(crisis)pre 36.54 36.13 38.39 35.50 0.637

(23.77) (23.89) (24.62) (22.82)
Pr(crisis)post 38.63 35.36 40.70 42.58 0.023

(23.96) (23.65) (23.62) (24.23)
∆ Pr(crisis) 2.09 −0.77 2.30 7.08 0.000

(9.52) (6.91) (9.45) (11.46)
B: Investment share
Inv. sharepre 53.28 53.73 51.09 54.55 0.695

(31.45) (31.81) (29.79) (32.51)
Inv. sharepost 50.44 52.96 45.81 50.29 0.176

(31.81) (31.67) (30.43) (33.11)
∆Inv. share −2.84 −0.77 −5.28 −4.25 0.044

(16.50) (17.41) (15.04) (15.79)
C: Return expectations
E(R)pre 1.39 1.63 1.27 1.08 0.646

(5.24) (5.38) (4.66) (5.51)
E(R)post 1.05 1.63 0.76 0.28 0.110

(5.63) (5.63) (5.12) (6.01)
∆E(R) −0.34 −0.01 −0.51 −0.79 0.012

(2.33) (1.87) (2.72) (2.60)
D: Savings share
Savings sharepre 58.51 58.30 58.16 59.24 0.963

(32.66) (33.06) (30.68) (34.03)
Savings sharepost 54.77 58.37 53.80 49.17 0.060

(33.03) (32.89) (31.37) (34.26)
∆Savings share −3.75 0.07 −4.36 −10.06 0.000

(14.42) (8.23) (12.71) (21.05)

Observations 414 199 105 110
Note: Means of continuous variables reported. Standard errors in parentheses. The p-value features
the one-way ANOVA test of equality of each row variable across the three groups (Control, GW,
EWI).
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Table A.3: Bayesian updating of crisis beliefs - unpooled treatment groups

Dependent variable: ∆Pr(crisis)i (pp)

General Warning Treatment (GW) Early Warning Indicator Treatment (EWI)

Categorical Gap-measure Binary Gap-measure Categorical Gap-measure Binary Gap-measure

(1) (2) (3) (4) (5) (6) (7) (8)

Treatment (Ti) -4.955 -6.813 0.325 -0.218 -5.630 -3.762 2.394 4.542
(7.156) (5.781) (5.263) (4.210) (5.558) (4.976) (3.251) (2.763)

Gap (Gi) -2.791 -2.195 -5.787 -3.480 -3.346 -2.195 -7.770** -3.480
(1.925) (1.547) (3.591) (2.583) (2.204) (1.547) (3.793) (2.582)

Con f idence (Ci) -0.062 -0.046 -0.034 -0.025 -0.051 -0.046 -0.023 -0.025
(0.045) (0.037) (0.027) (0.023) (0.049) (0.037) (0.028) (0.023)

Ti ×Gi 5.154 6.520** 5.731 6.406 11.372*** 9.345** 23.268*** 13.712*
(3.874) (3.056) (7.727) (5.875) (4.067) (3.905) (8.134) (7.320)

Ti ×Ci 0.099 0.100 0.045 0.040 0.149* 0.131* 0.057 0.035
(0.098) (0.079) (0.072) (0.059) (0.080) (0.071) (0.051) (0.043)

Gi ×Ci 0.040 0.027 0.084* 0.046 0.043 0.027 0.106** 0.046
(0.027) (0.021) (0.050) (0.036) (0.031) (0.021) (0.052) (0.036)

Ti ×Gi ×Ci -0.055 -0.057 -0.070 -0.047 -0.139** -0.105** -0.302** -0.152
(0.053) (0.041) (0.105) (0.081) (0.056) (0.053) (0.117) (0.105)

Constant 0.524 2.733 -0.668 0.891 -2.048 2.733 -4.449 0.891
(5.072) (2.550) (4.459) (1.472) (5.120) (2.550) (4.591) (1.472)

Demographics Yes No Yes No Yes No Yes No
Economic knowledge Yes No Yes No Yes No Yes No

R2 0.10 0.07 0.09 0.05 0.29 0.19 0.29 0.18
N 241 304 241 304 243 309 243 309

Note: The table shows OLS estimates based on Equation 3 for each of the two treatments T GW
i (columns 1-4) and T EWI

i separately. Treatment expresses the effect of the respective
treatment relative to the control group. The Gapi parameter is based on the perception gap regarding the past development of the likelihood of a financial crisis over the past
few years, which is elicited on a qualitative 1-5 scale, where 1 equals "increased considerably" and 5 "decreased considerably". Both treatments state that the risks increased
considerably (equivalent to category 1). In columns 1-2 and 5-6, Gapi is then computed as the distance between the perceived past development of the likelihood of a financial
crisis and the description that risks to financial stability increased considerably (past perception - 1). In columns 3-4 and 7-8, Gapi is coded as a binary indicator that equals one
for all individuals with a perception gap of a size larger than one, and zero otherwise. Con f idencei measures on a scale from 0 to 100 percent how confident respondent i is in
her crisis belief. Demographics contains individual-specific controls (gender, age group, not married, academic level, above-median risk aversion, and above-median grading).
Economic background includes indicators for high levels of financial literacy, stock ownership, and being a business or economics student. Asterisks ***, **, and * denote
significance at the 1%, 5%, and 10% level, respectively. Robust standard errors are reported in parentheses.
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Table A.4: Heterogeneity in treatment effects - unpooled treatment groups

Dependent variable: ∆Pr(crisis)i (pp)

Aggregate By stock ownership By field of studies By grades By gender By risk aversion

None Some Others Economics good poor Female Male Low High

A: TE
T GW

i 3.24*** 5.51*** 1.00 6.88*** 1.36 2.27 4.98*** 4.90*** 1.56 2.76* 3.53***
(1.01) (1.50) (1.44) (2.33) (0.98) (1.50) (1.46) (1.57) (1.28) (1.56) (1.33)

T EWI
i 7.81*** 10.09*** 5.49*** 10.96*** 6.42*** 6.45*** 8.99*** 14.23*** 3.99*** 4.45*** 10.29***

(1.19) (1.60) (1.83) (2.38) (1.38) (1.64) (1.89) (2.20) (1.21) (1.64) (1.62)

N 414 191 213 117 289 187 184 181 229 174 240

B: EM
T GW

i 0.09 0.11 0.10 0.07 0.08 0.02 0.16* 0.14 0.06 -0.04 0.16**
(0.06) (0.09) (0.09) (0.11) (0.07) (0.09) (0.09) (0.09) (0.09) (0.09) (0.08)

T EWI
i 0.20*** 0.29*** 0.14* 0.19* 0.19*** 0.23*** 0.20** 0.40*** 0.12 0.13 0.26***

(0.06) (0.08) (0.08) (0.10) (0.07) (0.09) (0.09) (0.07) (0.08) (0.09) (0.07)

N 414 191 213 117 289 187 184 181 229 174 240

C: IM
T GW

i 5.93*** 10.50*** 1.34 9.59*** 3.01 4.58 8.75*** 7.77*** 3.16 6.05* 6.71***
(1.83) (2.77) (2.65) (3.45) (2.04) (2.93) (2.48) (2.54) (2.51) (3.43) (2.07)

T EWI
i 12.07*** 15.54*** 8.53*** 14.07*** 10.63*** 9.31*** 14.58*** 16.51*** 7.39*** 7.71** 14.84***

(1.77) (2.48) (2.92) (3.04) (2.23) (2.41) (2.90) (2.60) (2.28) (2.97) (2.14)

N 225 108 110 80 141 100 102 114 110 82 143

Note: Panel A presents the average effects of the individual treatments for selected subsamples, which are split along binary individual-specific characteristics of respondents
(dummies on respondents’ stock ownership, field of studies, grades, gender and risk aversion). The parameters are expressed relative to the average effects of the specific
subgroup which is allocated into the control group. Panel B displays the extensive margin of the treatment effects. Panel C contains the intensive margin of treatment effects.
Asterisks ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. Robust standard errors are in parentheses.
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Table A.5: Causal effects of financial stability beliefs - alternative instrument

∆ Inv. share ∆E(R) ∆Savings share

(1) (2) (3) (4) (5) (6)

∆Pr(crisis)i -0.40 -0.47** -0.13*** -0.11*** -1.31*** -1.29***
(0.27) (0.22) (0.04) (0.04) (0.27) (0.27)

Pr(crisis)pre
i -0.16*** -0.17*** -0.02** -0.02** -0.11*** -0.13***

(0.05) (0.04) (0.01) (0.01) (0.04) (0.04)
Inv.sharepre

i -0.16*** -0.14***
(0.04) (0.03)

E(R)pre
i -0.07* -0.05

(0.04) (0.03)
Savings sharepre

i -0.10*** -0.12***
(0.03) (0.03)

Constant 8.82 11.77*** 0.05 0.60* 12.26* 10.29***
(7.28) (2.76) (1.17) (0.34) (7.34) (2.72)

Initial corner solution Yes No No No Yes No
Demographics Yes No Yes No Yes No
Economic knowledge Yes No Yes No Yes No

N 331 414 331 414 331 414
First stage F −Stat 17.76 23.44 17.39 23.14 17.48 23.42

Note: The table presents alternative IV estimates of Equation 4, (columns 1-2), Equation 10 (columns
3-4) and Equation 14 (columns 5-6). The two treatment group dummies (T GW

i , T EWI
i ) are used

individually as instruments. Initial corner solution is a dummy variable that indicates whether re-
spondents have an extreme (0 or 100%) asset (columns 1-2) or savings allocation (columns 5-6)
prior to the treatment. Asterisks ***, **, and * denote significance at the 1%, 5%, and 10% level,
respectively. Robust standard errors are reported in parentheses.
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10.2 B: Variable Description

Table A.6: Variable description

Name Description Based on ques-
tion

Main variables

Pr(crisis) A point estimate of a respondent’s perceived
likelihood of a financial crisis occurring in
Germany within the next two years (by the
end of November 2021). The variable is
elicited as a percentage point on a scale from
0 to 100.

pre-treatment:
[PR04, PR06]
and post-
treatment:
[PT03, PT04]

Gap A qualitative measure, describing the inten-
sity of the shock to a respondent’s perception
of the past development of the crisis proba-
bility. Scaled from 0 - 4, where 0 indicates
no perception gap and 4 a substantial shock
regarding the historical crisis probability de-
velopment.

pre-treatment:
[PR23]

Confidence A measure describing a respondent’s confi-
dence in her crisis estimate. The variable is
expressed in percentage points and is defined
on the interval [0,100].

pre-treatment:
[PR05, PR16]

Inv. share The variable denotes the imputed fraction,
defined on the interval [0,100], of the total
amount allocated to the risky asset within a
hypothetical standard portfolio choice prob-
lem, where individuals invest either in the
stock market (DAX) or a risk-less asset.

Inv.sharepre,post
i ≡

Inv. risky asset pre,post
i

Total Endowment

pre-treatment:
[PR11] and
post-treatment:
[PT11]

E(R) Derived from a point estimate of the ex-
pected future level of the German stock mar-
ket index (DAX) in two years, at the end of
November 2021. Based on that value, the
annualized rate of return is computed as:21

E (Rt+2)
pre,post
i ≡

[
E (DAXt+2)

pre,post
i

DAXt

] 1
2

−1

pre-treatment:
[PR08] and
post-treatment:
[PT05]

21The German stock market index DAX is a total return index. Respondents were asked to provide
an estimate of the level of the DAX in two years (November 2021). Before eliciting their estimate
of the future level, respondents are informed that the DAX had a value of around 13,000 points at
the end of November 2019. We transform their answer into the implied annualized rate of return
relative to this initial level.
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. . . continued

Name Description Based on ques-
tion

Savings share The variable denotes the imputed fraction,
defined on the interval [0,100], of the to-
tal amount allocated to the more risky bank
branch A within a hypothetical portfolio
choice problem, where the expected rate of
return depends on Pr(crisis).

pre-treatment:
[PR18] and
post-treatment
[PT12].

Upper tail The perceived chance of an upper-tail stock
market scenario. The scenario states that the
DAX closes in two years more than 3,000
points above the November 2019 level (im-
plied annualized rate of return of around
+12%).

post-treatment:
[PR14]

Lower tail The perceived chance of a lower-tail stock
market scenario. The scenario states that the
DAX closes in two years more than 3,000
points below the November 2019 level (im-
plied annualized rate of return of around -
11%).

post-treatment:
[PR15]

Demographics

Male A dummy variable that equals one if the re-
spondent reports to identify as male, zero oth-
erwise. Respondents who identify as non-
binary are consequently added to the female
category.

pre-treatment:
[SD01]

Age group A categorical variable, for age groups of
"<18", "18-20", "21-23", "24-26","27-29",
and ">30".

post-treatment:
[SD02]

Not married A dummy variable that equals one if a re-
spondent reports that she is not or has not
been married, zero otherwise.

post-treatment:
[SD21]

Academic
level

A categorical variable, which indicates
whether the respondent is enrolled in a Bach-
elor’s program (or equivalent), a Master’s
programm (or equivalent), or a Ph.D. pro-
gram (or equivalent).

post-treatment:
[ST01]
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. . . continued

Name Description Based on ques-
tion

Above-median
risk aversion

A dummy variable based on a sample split
along the self-reported level of risk aversion,
on a qualitative scale of 0 to 10, where 0 indi-
cates "risk-averse" and 10 "fully prepared to
take on risks". The question is taken from the
SOEP survey (see, e.g. Public, 2019). The
variable equals one if a respondent’s reported
risk aversion is at or above the median, zero
otherwise.

pre-treatment:
[CN02]

Above-median
grading

A dummy variable based on a sample split
along the self-reported average grades of stu-
dents according to the German grading sys-
tem. Grades are elicited in seven buckets
(1.0-1.5, 1.5-2.0, ..., 3.5-4, >4). The variable
equals one if a respondent’s reported grades
are higher than the median grade, zero other-
wise.

post-treatment:
[ST03]

Economic knowledge

High financial
literacy

A dummy variable based on a respondent’s
understanding of three basic economic con-
cepts (compounding interest, inflation, di-
versification). The dummy variable equals
one for respondents who answer all questions
correctly, zero otherwise.

post-treatment:
[CN03, CN04,
CN05]

Stockholder A dummy variable that equals one if a re-
spondent self-reports holding some form of
equity (stock, equity options, mutual funds,
ETF).

post-treatment:
[CN06_05]

Economics/
Business
studies

A dummy variable that equals one if the re-
spondent is enrolled in a business or eco-
nomics program

post-treatment:
[ST05]

Note: This table summarizes all the variables applied in this paper. All variables are elicited from
the self-developed survey (c.f. appendix C).
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10.3 C: Survey

Appendix C presents a printout of the English version of the survey.
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