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The Stabilizing Role of Forward Guidance:
A Macro Experiment

Steffen Ahrens*  Joep Lustenhouwerf Michele Tettamanzi *
February 2, 2017

- Preliminary draft -

Abstract

Expectations are among the main driving forces for economic dynam-
ics. Therefore, managing expectations has become a primary objective
for monetary policy seeking to stabilize the business cycle. In this pa-
per, we study if central banks can manage market expectations by means
of forward guidance in a New Keynesian learning-to-forecast experiment.
Forward guidance takes the form of one-period ahead inflation projec-
tions that are published by the central bank in each period. Subjects in
the experiment observe these projections along with the historic devel-
opment of the economy and subsequently submit their own one-period
ahead inflation forecasts. In this context, we find that the central bank
can significantly manage market expectations through forward guidance
and that this management strongly supports monetary policy in stabi-
lizing the economy. Moreover, forward guidance drastically reduces the
probability of a deflationary spiral after strong negative shocks to the
economy.

JEL classification: C92, E32, E37, E58. Keywords: learning-to-forecast
experiment, forward guidance, heterogeneous expectations.
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1 Introduction

In economics, expectations can be seen as one of the main driving forces for
economic dynamics. As Hommes (2011) puts it, “individual expectations about
future aggregate outcomes are the key feature that distinguishes social sciences
and economics from the natural sciences. Daily weather forecasts, either by the
public or by experts, do not affect the probability of rain.” Therefore, managing
market expectations has become a primary objective for economic policy makers
seeking to actively influence the economic development.!

For monetary policy makers, market expectations not only determine the
effectiveness of their main conventional monetary policy instrument (i.e., the
short-term nominal interest rate) in normal times; they are also central to the
transmission of unconventional monetary policy (e.g. quantitative easing and
forward guidance) when the short-term nominal interest rate is restricted by the
zero lower bound (as we currently witness in many of the leading industrialized
economies). So it has come that central banks worldwide have become increas-
ingly communicative, providing the public with detailed information about their
views of monetary policy and the fundamental factors driving their monetary
policy decisions (Blinder et al., 2008).

A pivotal aspect in this regard is the central bank practice to publish macroe-
conomic projections. This practice, which qualifies as a tool for Delphic forward
guidance, intends to provide superior information about future macroeconomic
developments to the private sector and thereby to reduce private-sector uncer-
tainty (Campbell et al., 2012), but central banks may also use it to strategically
influence private-sector expectations by intentionally over- or underreporting the
projected level of inflation (Gomez-Barrero and Parra-Polania, 2014; Charemza
and Ladley, 2016; Jensen, 2016). Independent of the central banks’ motive
to publish macroeconomic projections, ample empirical evidence reveals that
this practice considerably impacts on private-sector expectations (Hubert, 2014,
2015a,b).

In this paper we study how and to what extent the the central bank can
manage market expectations by publishing (strategic) official central bank in-
flation projections, i.e., by using Delphic forward guidance, both in normal times
and in times of severe economic stress.? Periods of severe economic stress are

We thank Tiziana Assenza, Frank Heinemann, Cars Hommes, Domenico Massaro, and
seminar participants of the CREED Seminar at Universiteit van Amsterdam, the DEFAP
PhD Seminar at Univerista Cattolica di Milano, the Macroeconomics Seminar at Univer-
sity of Illinois at Urbana-Champaign, and the Nuremberg Reserach Seminar in Economics at
Friedrich-Alexander-Universitat Erlangen-Niirnberg for valuable comments. We also thank
participants of the 2015 Barcelona LeeX Experimental Economics Summer School in Macroe-
conomics at Universitat Pompeu Fabra, the 21st WEHIA Annual Workshop in Castellén de
la Plana, and the EU FP7 project “Integrated Macro-Financial Modeling for Robust Policy
Design” (MACFINROBODS) for fruitful discussions.

The authors gratefully acknowledge the financial support of NWO (Dutch Science Foun-
dation) Project No. 40614011 “Monetary and Fiscal Policy under Bounded Rationality and
Heterogeneous Expectations” and the the DFG (German Research Foundation) through CRC
649 “Economic Risk” and CRC TRR 190 “Rationality and Competition.”

1See, for instance, the speech held by Janet Yellen at “The Elusive ‘Great’ Recovery:
Causes and Implications for Future Business Cycle Dynamics” (60" annual economic confer-
ence) on October 14, 2016.

2The focus on the publication of inflation projections rather than interest rate projections
is motivated by the work of Ferrero and Secchi (2010), who study the effect of different central
bank communication strategies in a standard New Keynesian model when agents are learning.



defined as periods when there is a high probability of the zero lower bound on
the nominal interest rate to become binding.

The analysis is conducted by means of a laboratory experiment. For the
question at hand, a laboratory experiment has several advantages over tradi-
tional empirical or theoretical approaches.® First, it allows us to study the
expectation formation process of the subjects and its interaction with mone-
tary policy design, without having to rely on prescribed expectations formation
processes, as e.g., rational or adaptive expectations. Second, we are able - in
a very natural way - to depart from the representative agent hypothesis com-
monly put forth in macroeconomics and to introduce substantial heterogeneity
into the analysis. Finally, we can perfectly control the subjects’ incentives and
information sets.

The underlying economic environment of the experiment is given by a stan-
dard forward-looking New Keynesian model. The experimental task for the
subjects is a learning-to-forecast experiment as pioneered by Marimon and Sun-
der (1993). All but one subject are “professional forecasters” in the private
sector who are asked repeatedly to form one-period ahead expectations about
future inflation, having only a limited understanding of the true data generat-
ing process. The remaining subject is assigned the role of the “central bank
forecaster.” Apart from the control treatment, at the beginning of each period
the central bank publishes an official one-period ahead central bank inflation
projection. Depending on the treatment, this public central bank inflation pro-
jection is produced either by the central bank forecaster or by a computerized
algorithm. In any case, the central bank is provided with superior information
that can be used in the forecasting process. Professional forecasters are pre-
sented with the public central bank projection before they submit their own
inflation forecasts. With this setup, we analyse the impact of central bank infla-
tion projection publication on the subjects’ expectation formation process and
the dynamic evolution of the underlying theoretical economy. We are mainly
interested in answering the question, if a central bank can influence or even man-
age private-sector expectations via the publication of (strategic) central bank
inflation projections in such a laboratory environment, and if such expectations
management can successfully be applied as an additional monetary policy instru-
ment to stabilize the economy in normal times and in times of severe economic
stress.

While the publication of strategic central bank inflation projections might
be a powerful tool for steering private-sector expectations, the central bank
must consider its effect on the future credibility of the central bank’s inflation
projection* (Gomez-Barrero and Parra-Polania, 2014). Publishing accurate in-
flation projections strengthens the central bank’s reputation as a good, accurate

They find that the communication of interest rate projections can be destabilizing, while the
communication of inflation projections is stabilizing. Although, the model attributes a stabi-
lizing role also to output gap projections, we choose to abstract from output gap projections
entirely based on institutional and empirical grounds. Institutionally, it is inflation stabiliza-
tion which has traditionally been the core mandate of many central banks. Empirically, the
relationship between output gap predictions and private-sector expectations is rather vague.
E.g., in the United States, the FOMC’s central bank output gap projections neither have an
informational advantage over private-sector output gap forecasts (Romer and Romer, 2000),
nor do they significantly influence private-sector output gap expectations (Hubert, 2014).

3For a thorough discussion about the potential advantages of laboratory experiments for
the conduct of monetary policy analysis, see Cornand and Heinemann (2014).

4Throughout this paper, the term credibility refers exclusively to the central bank’s infla-



forecaster but deters the central bank from the ability to steer private-sector ex-
pectations into a different direction if preferred. Conversely, strategic inflation
projections might allow the central bank to steer private-sector expectations,
but they are aversive to credibility if they systematically over- or underesti-
mate inflation. Thus, the central bank faces the risk of diminishing its ability
to strategically influence private-sector expectations in the future. This trade
off between short term gains and potential long term losses, raises the question
how the central bank’s ability to manage expectations via publishing inflation
projections depend on the credibility of the central bank forecasts and how in
turn credibility depend on the central bank’s past forecasting performance.

The novelty of the proposed experiment is that, through a series of different
treatments, we can study the impact of strategic Delphic forward guidance on
the dynamics of expectations and their influence on macroeconomic activity in
normal times and at the zero lower bound. For normal times, we find that the
publication of inflation projections strongly affects private-sector expectations.
Instead of simply following trends, under forward guidance subjects put a large
weight on the public inflation projection when forming their expectations about
future inflation. We show that the macroeconomic consequences of this influence
depend on the quality of the published forecast. Reasonable, informative public
projections act as focal points which decrease the dispersion among individual
professional forecasters and increases their forecasting performance. They stabi-
lize the economy, i.e., they unanimously mitigate the mean squared errors of the
fundamentals, by bringing the economies faster and closer towards the steady
state and by reducing the volatility of inflation, output, and the interest rate.
At the zero lower bound, the publication of optimistic central bank projections
reduces the risk of deflationary spirals. Noisy inflation projections, by contrast,
are generally harmful to the economy as they unleash disturbing forces which
give rise to more dispersed and less precise individual private-sector forecasts.
Finally, Credibility of central bank inflation projections, at least in times of
severe economic stress, seems to be of minor importance for the stabilizing role
of forward guidance.

The paper is organized as follows. Section 2 reviews the relevant literature.
Section 3 describes our experimental design. Section 4 presents the macroe-
conomic results from the econometric analysis of the data. Section 5 analyses
the expectation formation process of the subjects. Section 6 briefly studies the
determinants of the credibility of the central bank projection. Finally, Section
7 concludes.

2 Related Literature

Laboratory experiments on monetary policy have become increasingly popular
in recent years (see Cornand and Heinemann (2014) for a survey). A consider-
able fraction of this newly developed literature deals with learning-to-forecast
experiments in New Keynesian models. Adam (2007) shows that in such an
environment subjects expectation formation process generally fails to be ratio-
nal, but can be rather described by simple forecasting rules based on lagged
inflation. Pfajfar and Zakelj (2014) and Assenza et al. (2013) study the expec-
tation formation process of the subjects and its interaction with conventional

tion forecasts, and not to the central bank as the monetary authority.



monetary policy design. They find a stronger mandate for price stability to
better stabilize private-sector expectations and thereby the economy. Kryvtsov
and Petersen (2015) show that much of this stabilizing power is through the
effect on private-sector expectations. Close to the zero lower bound, however,
Hommes et al. (2015) find that conventional monetary policy is generally not
very effective in stabilizing the economy and insulating it from the risk of falling
into an expectation driven liquidity trap.

The effects of forward guidance on economic stability in New Keynesian
learning-to-forecast experiments are mixed. While Cornand and M’Baye (2016a,b)
find that the communication of the central bank’s inflation target can reduce
the volatility of the economy in normal times, Arifovic and Petersen (2015) find
that it does not provide a stabilizing anchor in crisis times, e.g. in a liquid-
ity trap. Mokhtarzadeh and Petersen (2016) find that providing the economy
with the central bank’s projections for inflation and the output gap stabilizes
the economy, while Kryvtsov and Petersen (2015) find that providing the ex-
pected future interest rate path diminishes the effectiveness of monetary policy
in stabilizing the economy.

The contribution of this project to the literature is twofold. First, we ana-
lyze the stabilizing role of central bank forward guidance in the form of inflation
projections in normal times and in times of severe economic stress. This feature
is common practice for central banks, but has yet received very little attention
in the context of New Keynesian learning-to-forecast experiments. To the best
of our knowledge, the only exception is Mokhtarzadeh and Petersen (2016). Sec-
ond, we investigate how the central bank’s effectiveness to influence expectations
depends on its endogenous degree of credibility.

The paper closest to ours are Mokhtarzadeh and Petersen (2016) and Goy
et al. (2016). Mokhtarzadeh and Petersen (2016) also study the effect of public
central bank projections on expectation formation, future credibility and the sta-
bilizing role of forward guidance in a New Keynesian learning-to-forecast exper-
iment. Yet there are substantial differences in the methodology. Mokhtarzadeh
and Petersen (2016) study the publication of a larger set of macroeconomic pro-
jections comprising five-period ahead projections of inflation, the output gap,
and the interest. The projections are generated by a computerized central bank
that assumes agents to form expectations rationally or adaptively. This paper
focuses on the publication of one-period ahead inflation projections, i.e., we ab-
stract from output gap and interest rate projections. The inflation projections
in this paper are generated either by a student subject without recourse to a
specific expectation formation process or a computerized algorithm which as-
sumes that agents form expectations according to a Heuristic Switching model
as presented in Assenza et al. (2013). The perhaps largest difference between
the two studies arises from the motive for forward guidance. Mokhtarzadeh
and Petersen (2016) study the stabilizing role of informative forward guidance,
whereas the present paper studies the stabilizing role of strategic forward guid-
ance in normal times and at the zero lower bound. Goy et al. (2016) present a
theoretical analysis - instead of a laboratory experiment - of central bank for-
ward guidance in a New Keynesian model with zero lower bound and boundedly
rational and heterogeneous agents. Despite the differences in methodology, the
general conclusions of Mokhtarzadeh and Petersen (2016), Goy et al. (2016),
and this paper are reconfirming.

The experimental setup mainly follows the work by Assenza et al. (2013),



with two major differences: (i) subjects face a public central bank projection
which they can utilize in forming their own expectations and (ii) output gap
expectation are not subject-based but model-based. The latter assumption is to
keep the experimental task for the subjects simple and to focus this study en-
tirely on inflation expectations. Output gap expectations are endogenously de-
termined by the model following a Heuristic Switching model, which has proven
to fit well learning-to-forecast experiments in New Keynesian frameworks (e.g.
Assenza et al., 2013).

3 Experimental Design

Subjects will interact with the economy through expectations of inflation, which
will then affect the outcome of the economy through a positive feedback of the
form:

m=f (Etﬂtﬂ) )

where m; and FE;m;y; denote inflation and aggregate private-sector expected
future inflation, respectively, and f is a functional form, which will be speci-
fied below. We follow Arifovic and Petersen (2015) and Kryvtsov and Petersen
(2015) and define aggregate inflation expectations as the median® of the indi-
vidual inflation expectations, i.e., Eym;y1 = median(Eymyy1), where E¢myyq is
a vector collecting all j = 1,...J professional forecasters’ individual inflation
expectations B “/m,, 1 of period ¢ for period ¢ + 1.

3.1 The New Keynesian Economy

The underlying economy evolves according to a standard New-Keynesian model,
as e.g., presented in Galf (2009)

. 1 _
Yt = By — p (re — Eymyg) + &, (1)
e = BEimig1 + Ky + i, (2)
re =maz [0,77 4+ ¢ (me — 7" ) + dyye] (3)

where y; is the aggregate output gap, r; is the nominal interest rate, and E'tyt+1
is the aggregate expected future output gap. The parameter 77 denotes the
central bank’s target value for inflation. Finally, the economy is perturbed by
stochastic i.i.d demand and supply shocks, denoted 7; and &, respectively.
The calibration of the constant model parameters follows Clarida et al.
(2000). ILe., we set the quarterly discount factor 8 = 0.99, implying an annual
risk-free interest rate of four percent. The coefficient of relative risk aversion
is set to 0 = 1 and the output elasticity of inflation is k = 0.3. The quarterly

5When the aggregate is determined as the mean of all forecasts, any individual could cast
an extreme forecast, in order to obtain an extreme aggregate, which would then feed back into
the economy. Such individual strategic power that does not reflect the real world is eliminated
when the aggregate is instead determined by the median of all forecasts.

6There are six economies (groups) in each treatment. Therefore, there are six random shock
processes each for n: and ;. These will be applied to all treatments so that each shock process
is applied once in each treatment. In particular, the following pairings arise: S1-S7-S13-S21,
S2-S8-514-516, S3-S9-S15-S17, S10-S4-S22-S18, S11-S5-5S23-519, S12-S6-524-S20.



inflation target is set to 77 = 0.00045, implying an annual inflation rate of
0.18 per cent.” The Taylor rule coefficients are chosen to be ¢, = 1.25 and
¢y = 0.3, which is well within the range of values that are common in related
experiments.®

Equation (1) refers to an optimized IS curve, equation (2) is the New Key-
nesian Phillips curve and equation (3) is the rule for the nominal interest rate
set by the central bank. We assume the central bank follows a Taylor (1993)
type interest rate rule, where it adjusts the interest rate in response to inflation
and output gap. Furthermore equation (3) also shows that the nominal interest
rate is subject to a zero lower bound.”

Under rational expectations this model has two equilibria. A determinate
equilibrium equal to the target steady state'® that has values of inflation and
output (close to) m; = y; = 0 given that 77 is (close to) zero, and an indeter-
minate equilibrium where the zero lower bound on the nominal interest rate is
binding (Benhabib et al., 2001). Under adaptive learning the target steady state
is locally stable (if the Taylor principle is satisfied), while the the ZLB steady
state is an unstable saddle-point. Therefore, depending on initial conditions,
either convergence to the target steady state will occur or the economy will fall
into a deflationary spiral (Evans et al., 2008).

Since we focus on how the central bank can stabilize the economy by publish-
ing inflation projections, we will not make any assumptions on the way inflation
expectations are formed, but ask the subjects in the lab for their inflation ex-
pectations. Eym;,; will therefore be an aggregation of elicited expectations. In
contrast, Etyt+1 will be endogenously determined by the model. E (y) will follow
a Heuristic Switching model'!, that was originally developed to fit a learning-
to-forecast experiment in an asset price setting (Anufriev and Hommes, 2012),
but has proven its robustness to fit also learning-to-forecast experiment in New
Keynesian frameworks (e.g. Assenza et al., 2013).

The Heuristic Switching model can be summarized by the following equa-
tions:

Adaptive Rule - Bfday, 1 = 0.65y,_1 + 0.35 B8y,
Weak Trend — By =1 + 0.4 (Ye—1 — Yi—2) (@)
Strong Trend = By =y +1.3(yi—1 — yi—2)
Learn and Anchor — Eé““ytﬂ = M + (Yt—1 — Yt—2)
L 100

+ U/, (5)

Ul . =
T+ lyi—1 — EM 5y

TWe choose a value of the inflation target near zero to be in line with the zero inflation
steady state that is assumed when log-linearizing the macro economic model to obtain equa-
tions (1) and (2). We choose however a value slightly different from zero in order not to
present subjects with a round number on which they can easily coordinate.

8Standard values for comparable experiments range from ¢~ € (1,2) and ¢, € (0,0.5),
e.g., Cornand and M’Baye (2016b) and Arifovic and Petersen (2015) among others

9With the interest rate being automatically determined by the Taylor rule, setting the
nominal interest rate is not part of the task attributed to the subject with the role as central
bank forecaster. This subject’s task is fully reduced to generate inflation forecasts.

10The REE coincides with the steady state because shocks are not autocorrelated.
M Heuristic Switching models were introduced by Brock and Hommes (1997)
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(6)

Equation (4) lists the set of heuristics available to the agents when forming
their expectations. The variable y{¥; denotes the average of past output gaps.
Once heuristics are used, the agents weight their past performance following
equation (5), with n denoting the parameter describing the preference for the
past. Equation (6) updates the probability of using heuristic h when forecasting
for period t + 1. Notice that « captures the sensitivity of agents to heuristic
performances'? and § denotes the fraction of agents that in period ¢ stick to
the heuristic they used in period ¢t — 1. Then, using, (7) the expectation are
aggregated and Etyt+1 is determined. The calibration of the Heuristic Switching

model follows Assenza et al. (2013), i.e., we set n = 0.7, 6 = 0.9, and v =
(0.4-4%).13

3.2 The Experiment

We apply a learning-to-forecast experiment following the approach of the Uni-
versity of Amsterdam. The general setup is as follows: subjects in the labo-
ratory are randomly divided in groups of 7. Subjects either take the role as a
professional forecaster or as a central bank forecaster. Professional forecasters
are employed at the forecasting department of a company which needs predic-
tions about future inflation as input for the management’s operative decisions.
Professional forecasters’ job is to generate these inflation forecasts and to com-
municate them to the management. Professional forecasters are provided with
some qualitative knowledge of the economy,'* the direction of the feedback on
their expectations, and a public central bank projection. The professional fore-
casters’ payoffs, i.e., their salaries, are determined according to their forecasting
performance, measured by the following payoff function from Assenza et al.
(2013):
100

1+ |mq1 — B9 ma|

e = (8)

The central bank forecaster is employed at the forecasting department of the
central bank and the central bank forecaster’s job, too, is to generate inflation
forecasts, which we denote Ej of m41. However, this forecast will not enter the
vector E¢myyq from which the aggregate inflation expectation is determined.
The incentives for the central bank forecaster in determining her inflation fore-
casts, therefore, are different from the incentives of professional forecasters and
also differ strongly between treatments.

121n the original notation by Brock and Hommes (1997) this intensity of choice parameter
is called 3.

13We multiply v by 42 relative to the calibration of Assenza et al. (2013) because we use a
Heuristic Switching model with quarterly rather than annualized data.

14This is a common assumption shared among all studies cited in Section 2 of this paper,
except for Adam (2007), who does not provide any information about the working of the
economy. We abstract from providing the subjects with the fully quantified set of equations,
as real world economists neither know the full set of specific equations nor their quantitative
relations in the real world economy.



Whether a subject is assigned the role of a professional forecaster or a central
bank forecaster is the outcome of a preliminary stage (henceforth: Stage I).
Independent of the treatment, in Stage I, all subjects of a group play 8 initial
rounds of the experiment as professional forecasters in the absence of any public
central bank inflation projection. To level the playing field, all participating
subjects are presented with an identical three-period history (for periods t = —2,
t = —1, and t = 0) for inflation, the output gap and the interest rate, which
initializes the economy off the steady state.!® Subjects are ranked according to
their relative forecasting performance. The role of the central bank forecaster
for the remaining rounds of the experiment (period 9-37) is assigned to the best
ranked subject.

Apart from the control treatment (Treatment 1), as the economy enters
period 9, at the beginning of each period the central bank publishes an offi-
cial central bank inflation projection, denoted by EY ub7rt+1. Depending on the
treatment, this official central bank inflation projection is produced either by
the central bank forecaster so that B w1 = EP""my (Treatment 2) or by
a computer algorithm (Treatments 3 and 4). In any case, the central bank is
provided with superior information that can be used in the forecasting process.
Professional forecasters are subsequently presented with the official central bank
projection before they submit their own forecasts.

Since we are interested in the expectations channel of monetary policy both
in normal times and in times when the zero lower bound on the nominal interest
rate may become binding, in the spirit of Arifovic and Petersen (2015), there
is a series of negative fundamental shocks, which hit the economy. In this
experiment, the series of fundamental shocks appears in a very late stage of
the experiment, in particular in period 29. This series of fundamental shocks
is chosen such that it is likely to induce a liquidity trap and therewith the
possibility of a deflationary spiral.

With this subdivision, the economy is fairly stable in the first part of the
actual experiment (periods 9-28; henceforth: Stage II) and it is investigated
whether central bank communication can influence private-sector expectations
and actively stabilize the economy. In the latter part of the experiment (periods
29-37; henceforth: Stage III), on the other hand, it is investigated whether the
central bank can prevent or reverse a deflationary spiral by means of forward
guidance.

The timing of the experiment is as follows: In ¢t = 1, ...,8 (Stage I), all sub-
jects submit their inflation forecast Etfc’ij simultaneously. In ¢t = 9,...,37
(Stages IT and I11), first the central bank forecaster submits her forecast E; bf Te41-
With the exception of Treatment 1, afterwards the official central bank projec-
tion EF"’m, ;1 is published. Professional forecasters observe the public inflation
projection of the central bank and subsequently submit their own inflation fore-
casts Ef “miy1. After all professional forecasters have submit their forecast, the
aggregate inflation forecast E;m;; is determined and the values for the variables
in period t are computed. The economy proceeds to the next round.

While the objective of the professional forecasters remains the same in all
treatments throughout the whole experiment, the objectives of the central bank
forecaster differ across treatments. These differences are described in detail in

15The history is displayed in Figure 2 (User interface during the experiment - in Appendix).
It comprises the first three observations.



the following subsection.

3.3 Treatments

We consider four treatments in this experiment.

3.3.1 Treatment 1: Control treatment

In this treatment, the control treatment, no central bank projections are pub-
lished, i.e., there is no central bank forward guidance. The central bank fore-
caster produces forecasts, but the forecasts of the central bank forecaster are
not publicly shown. Therefore, the central bank forecaster has no ability to
influence the professional forecasters’ expectations and thereby no incentive to
produce strategic forecasts.

However, the central bank forecaster is provided with a data-driven forecast
Etd af mey1, which helps her generate her own inflation forecasts. The data-driven
forecast uses model equations (1) to (7) and data up to period ¢ — 1 to predict
what level of inflation is likely to prevail in period ¢+ 1. However when the data-
driven forecast is made, it is not yet known what aggregate inflation expectations
formed in periods ¢t and ¢ + 1 will be, which are important determinants of
inflation in period ¢ 4+ 1. These expectations therefore need to be modeled.
This is done by assuming a Heuristic Switching model for inflation expectations
analogous to equations (4) to (7).

In this treatment, all subjects (including the central bank forecaster) share
the same incentives arising from equation (8); i.e., even the central bank fore-
caster’s goal is simply to predict inflation accurately.

3.3.2 Treatment 2: Forward Guidance from a Human Central Bank
Forecaster

In this treatment, the central bank forecaster publishes official central bank
inflation projections, i.e., EP**m, 1 = Ef® 7. Hence, there is central bank
forward guidance. The other subjects of her group are informed (i) that there is
a central bank forecaster publishing official central bank inflation projections in
this economy, (ii) that the central bank forecaster is the subject that predicted
inflation best in Stage I, (iii) that the central bank forecaster has additional
information about the economy without specifying this any further, and (iv)
that the central bank has an inflation target without quantifying this target.
Therefore, the central bank forecaster may have an ability to influence the pro-
fessional forecasters’ expectations and thereby may have an incentive to produce
strategic projections.

As in Treatment I, the central bank forecaster is provided with a data-driven
forecast. The data-driven forecast algorithm is however somewhat different than
in the control treatment. Now it must account for the potential self-fulfilling
properties a published central bank projection can have on the economy. This
works as follows: when the central bank publishes a projection, this is likely
to affect, to some extent, the inflation expectations of the professional forecast-
ers. Since the main determinant of current inflation is inflation expectations,
aggregate expectations of professional forecasters will in turn affect realized in-
flation. This implies that when the published projection is high, this is likely
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to also lead to somewhat higher aggregate inflation expectation, and therefore
to a higher inflation realization. The task of the data-driven forecast in this
treatment is to find, given this possibly self-fulfilling feedback mechanism, those
expectation values that, when published, are most likely to come true. This
is done by including a fifth heuristic to the Heuristic Switching model that is
used to model inflation expectations. This heuristic can be termed “Follow the
Published projection” and is defined by Etfppﬂtﬂ = Ef“bmﬂ. The fitness of
this heuristic is calculated analogously to equation (5), and 5 heuristics are now
considered when calculating fractions as in equation (6). This implies that the
data-driven forecast assumes that aggregate inflation expectations will be more
in line with the published projection when the past published projections have
been relatively accurate. The data-driven forecast then performs a grid search
to choose the forecast that is most likely to be accurate, taking account of the
effects that such a forecast are likely to have on aggregate expectations.'6

Moreover, the central bank forecaster is provided with information about
which aggregate inflation expectations for the following period need to prevail
for inflation to be (in expectations) at target level 77 already in the current
period. This specific aggregate inflation expectation is calculated by doing a grid
search on F;m; 11 in the model defined by equations (1) to (7). This information
tells the central bank forecaster in what direction she should steer aggregate
expectations about next period in order to get closer to her inflation target in
this period. We label this piece of information “required for target” and denote
it by E:ft’ﬂ't+1.

Finally, the central bank forecaster is presented with a credibility index
given by

red
Jere ;

4

cre 1 1 ub cJ ’
rered = 23S e (—3- (Bpm - B ) ) : )
1 J

1=

where, in the spirit Cecchetti and Krause (2002), the central bank’s credibility
towards professional forecaster j is defined by the distance between the central
bank’s inflation projection and the inflation forecasts of professional forecaster
.17 The credibility index is based on the distance between the projections of
the central bank forecaster and of the individual professional forecasters in the
last four periods. When the index equals 1, every individual forecaster predicted
exactly the same as the central bank forecaster in each of the last four periods.
When all professional forecasters made forecasts that were quite far away from
the projections of the central bank forecaster in the last four periods, the index

16Since the published forecast about ¢ + 1 affects realizations in period ¢, and the published
forecast about ¢t + 2 affects realizations in ¢ + 1, an assumption needs to be made about what
the published forecast about t+2 will be, in order to evaluate whether the forecast made about
t 4+ 1 is likely to come true. The data driven forecast simply assumes here that the published
forecast about t+2 will be the same as the published forecast about ¢4 1. Since both inflation
and the published forecast turn out to be highly persistent, also in our experimental sessions,
this is arguably not a very restrictive assumption.

17In the econometric analysis, additionally we consider two alternative approaches to mea-
sure credibility. First, credibility as the weight of the information content from public an-
nouncements of the central bank (in our environment the public forecasting signals) attached
by professional forecasters to their expectation formation process (Bomfim and Rudebusch,
2000). Second, as subjectively elicited measure, asking them a Lickert question at the begin-
ning, in the middle, and at the end of the actual experiment.
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is close to zero. Having available these three sources of information, the central
bank forecaster must decide to what extent she follows the data-driven forecast
or to what extent she publishes a strategic projection based on the “required
for target”, taking into account her credibility.

The central bank forecaster’s objective, in this treatment, is twofold; i.e.,
there are two payoff functions. On the one hand she has to stabilize inflation, i.e.,
minimize the deviations of inflation from her target values, while on the other
hand her inflation projections have to remain maximally credible, as measured
by the credibility index. The payoff functions of the central bank forecaster
have the following form:

szc}bim‘y = max (0,100 — 44.4 (m; — 7r*)2> (10)
o . 10
TG = max (0,100 — 400 (1 — 1°74)*)

Equation (10) is calibrated such that in each period the central bank forecaster
receives a payoff of zero for stability if inflation deviates from target by more
than 1.5 percentage points and receives a payoff of zero for credibility of the
projection if the credibility index is below 0.5. At the end of the experiment,
one of these two objectives is chosen randomly by the computer and the central
bank forecaster is paid according to the total payoff of the chosen objective.

3.3.3 Treatment 3: Forward Guidance from a “good” Computerized
Central Bank Forecaster

In this treatment, the official central bank projection is published by a computer
algorithm, i.e., again there is central bank forward guidance. The computer al-
gorithm is based on 3 regions: in region (i) previous inflation was close to the
target (within £0.5 percentage points), in region (ii) previous inflation was far
above target (for more than 0.5 percentage points), and in region (iii) previous
inflation was far below target (for more than 0.5 percentage points). The algo-
rithm in this experiment takes the following specific form:

Region (i): EF**rm 1y = o7
Region (ii): EF*mq = I s« B/ 'y g + (1 — Io7ed) B

Region (iii): if m—1 < me—g : BP"’mpq = 0.577 + 0.5m_y
if i1 > o Ef"bﬂt+1 =0.877 +0.2m_1

In region (i), the algorithm projects the central bank’s inflation target. In
region (ii), the algorithm uses the “required for target” the data-driven fore-
cast, and the credibility index to balance building up credibility with steering
the economy towards its target. In region (iii), building up credibility and re-
sorting to the data-driven forecast is too dangerous because of the risk of a
binding zero lower bound and a deflationary spiral. Instead, the algorithm here
balances forecasting the target with forecasting the last observed inflation level,
where the latter can improve on credibility without amplifying the downturn in
inflation. The weight on the last observed value is relatively high when there
is a downward trend in inflation, because then it might not be credible that
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inflation will suddenly go up by much. On the other hand, if there is an upward
trend in inflation it might be more credible that inflation will go up more, so
the computer algorithm can put more weight on the target.

For reasons of comparability, in this treatment, the central bank forecaster
subject takes the same role as in Treatment 1, however, she is not provided with
any additional information. This allows us to learn more about the expectation
formation process of the central bank forecaster, especially the dependence on
additional information for the forecasting performance and the expectation for-
mation process of the central bank forecaster in case this subject cannot interact
with the economy.

3.3.4 Treatment 4: Forward Guidance from a “bad” Computerized
Central Bank Forecaster

This treatment is similar to Treatment 3, but with a different computer algo-
rithm in Stage I1. In Stage IT of this treatment, the computer algorithm publishes
inflation projections, which it randomly draws from a uniform distribution with
support from -5 to 5, i.e., Efubmﬂ ~ Unif(—5,5). The support is chosen ac-
cording to the support of realized inflation throughout the first three treatments
of this experiment. In Stage III of this treatment, the computer algorithm is
the same as in Treatment 3. This twist after Stage II allows us to analyze the
influence of credibility on the central bank’s ability to stabilize the economy in
times of severe economic stress.

3.4 Hypotheses

Our experimental design allows us to address several hypothesis.

Hypothesis 1: An informative public central bank inflation projection sta-
bilizes the economy (a) in normal times and (b) in times of severe economic
stress; an uninformative public central bank inflation forecast does not.

Although from an empirical point of view published central bank inflation
projections seem beneficial for macroeconomic stability (Chortareas et al., 2002),
from a theoretical point of view, the effects of published central bank inflation
projections on macroeconomic stability are generally ambiguous and depend on
the quality of the projections (see Geraats (2002) for an extensive survey).

For instance, Gersbach (2003) and Jensen (2002) find that publishing in-
flation projections may be destabilizing, as it carries information about future
shocks, which are internalized by private-sector expectations and therefore can-
not be stabilized by the central bank anymore. Geraats (2002), Amato and Shin
(2006), Walsh (2007) argue that central bank communication can be destabiliz-
ing as potentially noisy public information crowds out accurate private informa-
tion. By contrast, Tarkka and Mayes (1999) find that publishing central bank
projections conveys information about the central bank’s targets as well as about
the central bank’s belief about private-sector expectations, which enhances the
predictability of monetary policy actions and reduces output volatility. Along
similar lines, Geraats (2005) finds that publishing inflation projections reduces
the inflation bias. In a standard New Keynesian model with learning, Eusepi
and Preston (2010) and Ferrero and Secchi (2010) find a stabilizing role of public
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central bank inflation projections through an anchoring effect on private-sector
inflation expectations in normal times. Goy et al. (2016) reach similar conclu-
sions in a New Keynesian model with boundedly rational heterogeneous agents,
however, not only in normal times but also in times of severe economic stress.
At the zero lower bound, the authors show that the publication of inflation
projections can lower the likelihood of a deflationary spiral if central bank pro-
jections are sufficiently credible.

Hypothesis 2: An informative public central bank inflation projection an-
chors private-sector inflation expectation; an uninformative public central bank
projection does not.

In their seminal theoretical contribution, Morris and Shin (2002) show that
public central bank information can act as a coordination device by anchoring
private-sector expectations and thereby reduce the dispersion of private-sector
expectations. Empirical support for such an anchoring effects for expectations
(especially in the context of public central bank projections) is given by Hubert
(2014) for the Federal Reserve, by Fujiwara (2005) for the Bank of Japan, and
by Ehrmann et al. (2012) for 12 advanced economies (including the former two).

Hypothesis 3: An informative public central bank inflation projection in-
creases the forecasting accuracy of all market participants; an uninformative
public central bank projection does not.

Dale et al. (2011) show in a stylized model of imperfect knowledge and learn-
ing that if the central bank has an informational advantage with respect of the
functioning of the economy and if this informational advantage is perceived cor-
rectly by the private sector, publishing inflation projections can improve the
accuracy of private-sector expectations. By contrast, if the central bank projec-
tions are imprecise and noisy, the publication of these projections might unleash
distracting forces which deteriorate the accuracy of private-sector expectations.

Hypothesis 4: The degree of “strategic-ness” of a public central bank projec-
tion depends on its credibility.

Recent empirical evidence gives rise to the assumption that central bank pro-
jections are not just a purely informational tool but are also used as a strategic
instrument to influence private-sector expectations, which manifests in biased
projections. Indicative evidence for such a claim is presented by Romer and
Romer (2008), who find that the forecasting accuracy of the FOMC is system-
atically lower relative to the projection of their own research staff (the so-called
Greenbook projections), even though these forecasts are available to the FOMC
when publishing their projections. For a sample of ten inflation targeting central
banks (Australia, Canada, Chile, Czech Republic, Korea, new Zealand, Mexico,
Norway, Poland, and Sweden) Charemza and Ladley (2016) find that central
bank projections are biased towards their inflation targets.

From a theoretical point of view, Jensen (2016) shows that - if credible -
optimal inflation projections are indeed misleading, whereas non-misleading in-
flation projections are time-inconsistent in an augmented Barro-Gordon type
game featuring a New Keynesian sticky price model. In a related augmented
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Barro-Gordon type game, Gomez-Barrero and Parra-Polania (2014) show that
the degree of the inflation projection bias is endogenous, as it optimally solves
the tradeoff between the benefits (i.e. the enhanced stabilizing effects) and the
costs (i.e. the loss of credibility for the inflation projection) of the strategic bias.
Empirical evidence from six inflation targeting central banks (Brazil, Canada,
England, Iceland, New Zealand, and Sweden), presented by Gomez-Barrero and
Parra-Polania (2014), turns out to be consistent with their theoretical predic-
tions.

Hypothesis 5: (a) The credibility of the central bank projections depends posi-
tively on their past performance and (b) the ability of the central bank to stabilize
the economy by means of its projections depends positively on the past credibility
of the central bank projections.

In a survey among 84 central bank presidents worldwide, Blinder (2000)
finds that the most important matter for credibility is believed to be a consis-
tent track record. With respect to macroeconomic projections and projection of
inflation in particular, such a consistent track record is established primarily by
a sustained projection accuracy. Loss in credibility of the central bank’s projec-
tions can therefore be attributed to a (systematic) failure to produce accurate
projections (Mishkin, 2004). Following this line of reasoning, also the two most
closely related studies to this paper, Goy et al. (2016) and Mokhtarzadeh and
Petersen (2016), determine central bank credibility by looking at past central
bank forecasting performance.

A good deal of credibility, in turn, is necessary for forward guidance to be
effective in stabilizing the economy (Filardo and Hofmann, 2014). A particu-
larly illustrative example in this respect is provided by Svensson (2015) for the
Swedish case (although with respect to interest path projections). While credi-
ble projections remarkably influenced market behavior towards stabilization in
2009, in 2011 non-credible projections left the market unimpressed and without
any response in market behavior.

3.5 Experimental Procedure

Each treatment of this experiment consists of six economies with seven subjects
each. Thus, the experiment has a total of 168 subjects. Subjects were recruited
from a variety of academic backgrounds using ORSEE (Greiner, 2015). The
subject population comprised undergraduate students (64%), graduate students
(34%), and non students (2%). Subjects were mostly from the natural sciences
(61%) and the social sciences (16%). Around two thirds of the subjects were
male (62%) and one third were female (38%). During the experiment, subjects
earned experimental currency units (ECU) according to their respective payoff
functions. At the end of the experiment, subjects were paid €1 for every 85
ECU; that is, each ECU paid approximately €0.012. The average payment
was €31.66. The experimental software was programmed in oTree (Chen et al.,
2016). The experiment was conducted in May and June 2016 at the experimental
lab of the Technische Universitiat Berlin.
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4 Macroeconomic Results

In this section, we analyze the role of central bank forward guidance for the
macroeconomy. Figure 1 shows the median evolution of inflation, the output
gap, and the interest rate for all four treatments; Treatment 1 is depicted by
the solid lines, Treatment 2 by the dashed lines, Treatment 3 by the dotted
lines, and Treatment 4 by the dashed-dotted lines.'® The figure shows that all
four treatments share a common pattern for the evolution of the macroeconomy
over much of the 37 rounds of the experiment. First, there is slow convergence
towards the steady state. Second, starting in period 29 (the second vertical,
gray line), a deep recession takes place, which drives the economy towards the
zero lower bound at which it remains for an extended period of time. However,
while median economies recover from the recession under central bank forward
guidance (Treatments 2-4), the median economy produces a deflationary spiral
in the absence of central bank forward guidance (Treatment 1).

Although, at first sight, the general pattern looks very similar across all four
treatments (with the exception of Stage III), there can be shown considerable
effects of central bank forward guidance on the economy. Tables 12 to 15 (in
Appendix) summarize descriptive statistics for all 24 economies in Treatments
1, 2, 3, and 4, respectively. Comparing the descriptive statistics shows that in
the preliminary stage (i.e., Stage I) medians and variances'? of all three macroe-
conomic variables inflation, the output gap, and the interest rate are are very
close across treatments. We test for equality of the medians and variances for
pairwise comparison of treatments using the non-parametric Mann-Whitney-
Wilcoxon-test and Siegel-Turkey-test, respectively. The results of these tests
are presented in Tables 16 and 17 (in Appendix). They show that the Null hy-
pothesis of equality in medians and variance cannot be rejected for any pairwise
comparison of treatments.

In Stage II, by contrast, median and variance of all three variables in Treat-
ments 2 and 3 (i.e., under informative forward guidance) are considerably and
statistically significantly lower compared to Treatments 1 and 4 (i.e., without
informative forward guidance). Hence, informative forward guidance has a sig-
nificant influence on private-sector expectations which helps reduce the econ-
omy’s volatility and drives it closer to the steady state. Uninformative forward
guidance (Treatment 4), by contrast, has rather aversive effects on the economy.
We find a marginal but statistically significant increase in median inflation and
the median interest rate compared to Treatment 1, while a slight reduction in
the median output gap is statistically insignificant. Moreover, uninformative
forward guidance is without significant effect on the volatility of the economy.

During severe economic stress (Stage I1I), informative forward guidance (in
Stage III this is Treatments 2-4) keeps the economy closer to the steady state
and strongly reduces the volatility of the economy, as it strongly reduces the
occurrence of deflationary spirals.

Taken together, these results point towards an important role of forward

I8Figures 3 to 6 in the appendix show all 6 individual economies for each treatment, respec-
tively.

19For completeness, we also present means in these tables. All results for medians qualita-
tively carry over to means. Therefore, for the rest of the analysis we do not consider them
explicitly. Furthermore, comparing means statistically necessitates parametric tests which
given the small number of observations are not appropriate.
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Figure 1: Median responses over treatments
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Treatment 1

Economy S1 S2 S3 S10 S11 S12 Avg
ST 1.9420 0.5922 2.1814 1.1505 3.1821 2.0837 1.8553
Sy 0.5560 0.2535 0.5261 0.2254 0.3396 0.3684 0.3782

Treatment 2
Economy ST S8 S9 S4 S5 S6 Avg

ST 0.4984 0.1935 0.4289 1.4772 0.5132 0.7994 0.6518

SY 0.2715 0.1937 0.2369 0.2759 0.2598 0.1610 0.2331

Treatment 3

Economy S13 S14 S15 S22 S23 S24 Avg
ST 0.3233 0.1720 0.1993 0.3390 0.3413 1.5116 0.4811
SY 0.2441 0.1532 0.2420 0.1198 0.2967 0.3278 0.2306

Treatment 4

Economy S21 S16 S17 S18 S19 S20 Avg
ST 0.5679 0.1830 1.3334 1.8194 0.8692 3.0710 1.3073
SY 0.1614 0.1534 0.4611 0.1230 0.4730 0.3410 0.2855

K3

Table 1: Stage II mean squared deviations of inflation and the output gap

guidance for the stability and predictability of the macroeconomy, which we
scrutinize more deeply in the following. In Section 4.1 we analyze the stabilizing
role of forward guidance in normal times, whereas in Section 4.2 we focus on the
stabilizing role of forward guidance at the zero lower bound. In Section 4.3 we
analyze the anchoring effect of forward guidance. Subsequently, in Section 4.4
we study the influence of forward guidance on the predictability of the economy.

4.1 Macroeconomic Stability in Normal Times

Now, we analyze the stabilizing role of central bank forward guidance for the
economy in normal times, i.e., we focus entirely on Stage II. Macroeconomic
stability is of utmost importance, as it can be directly linked to welfare in the
economy. Woodford (2001) shows that minimizing the squared deviations of
inflation and the output gap from zero, maximizes expected household utility
and thereby welfare. Consequently, for each experimental economy i = 1, ..., 24,
we evaluate macroeconomic stability by the mean squared deviations of inflation
and the output gap from zero

1 28

ST o= — 2 11

) 20;71-1‘/7 ( )
1 28

s = %ny (12)
t=9

The lower ST and SY the more stable the economy i. The results are sum-
marized in Table 1. The last column of Table 1 shows the average mean squared
error for each respective treatment. Informative forward guidance (Treatments
2 and 3) dramatically reduces the average mean squared error for inflation by
two thirds and and the output gap by one third. These differences are statis-
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tically significant: the p-values of the Mann-Whitney-Wilcoxon-test for pair-
wise comparisons of Treatment 1 with Treatments 2 and 3 are D(Sz,.8%,) =
0.0152 and p(sz, sz.) = 0.0087 for inflation and p(sy  s» ) = 0.0931 and p(sy sv ) =
0.0649 for the output gap. Uninformative forward guidance, by contrast, has
no statistically significant effect on macroeconomic stability, i.e., (p( Sz,.S5,) =
0.2403 and p(sy, sv ) = 0.3095). The stabilizing role of informative forward
guidance manifests itself impressively through a much faster convergence of in-
flation towards the steady state of the economy. In Treatments 2 and 3, inflation
reaches the close neighborhood of the steady state, say an interval of 425 basis
points around the steady state, on average within 5 periods. In Treatments 1
and 4, time to convergence triples, with a third of the economies not reaching
convergence at all during Stage II.

The stabilizing role of informative forward guidance becomes even more pro-
nounced when taking into consideration the influence of the first stage devel-
opments on the starting point of Stage II. In Stage I, Treatment 1 economies
are on average at least as stable (measured analogously to (11) and (12)) com-
pared to Treatment 2 and 3 economies. Although not statistically significant,
they hand over the economy to Stage II even at slightly lower mean and median
levels of inflation with the consequence that, if at all, Treatments 2 and 3 face
a marginally unfavorable situation upon entering Stage II.

To account for the influence of Stage I stability on Stage II stability, for each
economy i we normalize the Stage II mean squared error of inflation and the
output gap by their respective mean squared errors from Stage I

g
% Zf:l 7Tt2
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5 2i—1Yi

The results are presented in Table 18 (in Appendix). First, the table implies
that for each of the 24 economies medians are lower for all variables in Stage II
relative to Stage I, which manifests in values smaller than unity. This results,
however, is not surprising as the Taylor rule slowly drives the economy towards
the steady state. Second, the table generally confirms our results from above.
Informative forward guidance strongly helps stabilize the economy with respect
to inflation and output gap relative to the absence of forward guidance, albeit
not statistically significantly for the output gap in the case for Treatment 3. In
the latter case the p-value of the Mann-Whitney-Wilcoxon-test is p RY.,,RY.) =
0.1797. The remaining p-values are pgr gr,) = 0.0411 P(Rz, REy) = 0.0043
for Treatment 2 and 3 inflation and pry gy ) = 0.0649 for the Treatment 2
output gap. Concerning uninformative forward guidance, the picture changes
somewhat. Relative to the Stage I development, uninformative forward guidance
stabilizes inflation slightly better relative to no forward guidance at all, but
stabilizes the output gap less effectively. However, neither of these differences
is statistically significant, i.e., p(grz rz.) = 0.4848 and P(Ry., Ry, = 0.5887.
The analysis above implies that informative forward guidance (Treatments
2 and 3) is an effective instrument to increase welfare though its stabilizing role
in the economy. Uninformative forward guidance (Treatment 4), by contrast,
remains without statistically significant effects on stabilization. As a result, the
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T1 T2 T3 T4
Periods at ZLB 5 3 2.5 1.5
Length of recession 7.5 4.5 4 3
Depth of recession -239.76  -4.28 -4.18 -4.22
Periods of deflation 8 6 7 6.5
Deflationary spirals 3 1 0 1
Credibility Index in ¢ = 28 — 0.88 0.89 0.13

Table 2: Important key indicators for Stage I11

above analysis confirms Hypothesis 1(a).

4.2 Forward Guidance at the Zero Lower Bound

In this section, we analyze the impact of public central bank inflation projections
in times of severe economic stress. Namely, we look at the Stage III of the
experiment.?’ Between periods 29 and 32, a series of severe shocks to the
output gap (e; takes a value of —2.5% annually) hits all 24 economies alike.
Figure 1 and Figures 3 to 6 in the appendix show the reaction of the macro-
economies to these shocks. In each case, a deflationary recession takes place,
which drives the economy to the zero lower bound on the nominal interest
rate. The severity of the economic downturn, however, can be mitigated when
the central bank conducts forward guidance. This can be seen from Table 2
where we summarize important key indicators describing the median severity of
the economic downturn in each of the four treatments. In the result description
below, p-values of Mann-Whitney-Wilcoxon-tests are reported only if differences
in medians are statistically significant.

Table 2 shows that forward guidance on average halves the median time
spent at the zero lower bound, from 5 periods in Treatment 1 to less than 2.5
periods on average in Treatments 2-4. Secondly, the length of the recession?' is
significantly (p(r1,72:74) = 0.090) reduced from 8 periods in Treatment 1 to less
than 4 periods on average in Treatments 2-4. Also, the depth of the recession
radically reduces in the presence of forward guidance. We measure the depth
of the recession by comparing the latest pre-crisis output gap with the largest
negative output gap during the crisis. In Treatment 1, the median depth is a
loss in output gap of approximately -240 percent, whereas this loss is around -4
percent on average for Treatments 2-4. Prices, in all economies, fall, i.e., there
is deflation. However, with 6.5 periods on average in Treatments 2-4 median
deflation episodes are reduced by 1.5 periods relative to Treatment 1.

Despite binding zero lower bounds and prolonged deflationary episodes, de-
flationary spirals are rare. However, they occur much more often in the absence
of forward guidance than in the presence of forward guidance. In Treatment 1
three out of six economies result in a deflationary spiral after a series of severe
fundamental shocks. While deflationary spirals can be avoided successfully in

20Be reminded that in Stage III of Treatment 4 the public inflation projection is produced
by the “good” computer algorithm instead of the random number generator.

21 According to the NBER, a recession is a drop in economic activity between peak and
trough.

20



31 32 33 34 35 36 37 Median ~ SD

F4| 061 002 009 070 1.00 0.72  1.00 0.70 0.40
F5 |-0.05 -0.01 -0.01 -0.00 031 -0.24 -0.30| —0.01 0.20
F6 | 049 051 039 062 000 010 0.71 0.49 0.26
Fr| 062 044 058 081 078 073 083 0.73 0.14
F8| 027 089 056 081 093 099 1.00 0.89 0.27
F9| 041 019 063 080 036 045 0.31 0.41 0.21

Table 3: “Strategic-ness” measure in Treatment 2

all six economies of Treatment 3, in both Treatments 2 and 4 one out of six
economies result in a deflationary spiral. Therefore, forward guidance signifi-
cantly (p(TLTQ:M) = 0.060) reduces the occurrence of deflationary spirals.

In the following, we examine the deflationary spiral in economy S5 of Treat-
ment 2 in more detail. We believe that it provides an informative counterfactual
that help understand the stabilizing role of forward guidance at the zero lower
bound.

We argue that in this particular case the central bank forecaster not only
failed to prevent the deflationary spiral, but to a large part powered the de-
flationary spiral through inadequate central bank forward guidance. Indicative
evidence for this assertion can be found in Figure 7. The figure shows the time
series for the data-driven forecast (black solid line), the required-for-target value
(gray solid line), the published central bank projection (dashed line), and real-
ized inflation (dotted line) for all six economies of Treatment 2. As is apparent
from the lower left panel of Figure 7, rather than trying to strategically stabi-
lize the economy through publishing optimistic inflation projections, the central
bank forecaster publicly predicted the deflationary spiral, i.e., the central bank
forecaster followed the advice of the data-driven forecast. The central bank fore-
casters of the other five economies, by contrast, do not predict the deflationary
spiral, but resort to optimistic inflation projections and (successfully) pull the
economy out of the slump.

To quantify our argument, we define a measure of “strategic-ness” of the
published central bank projection, denoted by SP;. The measure takes the
following form
Efubﬂt+1 — Etddfﬂt_i_l

SP, = .
E:ft’ﬂ't+1 - E;idfﬂ't+1

(15)

This measure illustrates in any given period to what extend the published in-
flation projection follows the data-driven forecast and to what extend it tries
to strategically steer the economy by using the “required for target” tool. If
SP; = 1 the published projection coincides with the “required for target” fore-
cast, whereas if SP, = (0 the published projection coincides with the data-driven
forecast. Table 3 presents the measure of “strategic-ness” for the 7 periods after
the shocks have died out in all six economies of Treatment 2 along with their
median and standard deviation. For all five economies without a deflationary
spiral SP; for ¢t = 31,...,37 is mostly substantially above zero, with median
values in the interval [0.41,0.89], which are always significantly different from
zero given the Wilcoxon signed rank test (p < 0.02 in each case). This im-
plies that in these economies the central bank forecaster does not just follow
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Dispersion Measure: Variance

Economy 1 2 3 4 5 6 Avg
Treatment 1 | 0.06 0.07 0.22 0.07 040 0.27 0.18
Treatment 2 | 0.09 0.01 0.09 0.24 0.04 0.11 0.10
Treatment 3 | 0.15 0.06 0.04 0.02 0.07 0.19 0.09
Treatment 4 | 0.45 0.05 0.12 041 0.41 2.02 0.58

Dispersion Measure: Standard Deviation

Economy 1 2 3 4 5 6 Avg
Treatment 1 | 0.24 0.27 0.46 0.26 0.63 0.52 0.40
Treatment 2 | 0.31 0.10 0.29 049 0.20 0.33 0.29
Treatment 3 | 0.38 0.25 0.19 0.14 0.27 044 0.28
Treatment 4 | 0.67 0.23 0.35 0.64 0.64 142 0.66

Dispersion Measure: Range

Economy 1 2 3 4 5 6 Avg
Treatment 1 | 0.61 0.75 1.30 0.66 1.76 1.42 1.08
Treatment 2 | 0.82 0.27 0.65 125 0.54 0.84 0.73
Treatment 3 | 0.94 0.70 0.55 040 0.62 1.13 0.73
Treatment 4 | 1.68 0.62 0.85 1.64 1.89 3.56 1.71

Dispersion Measure: Interquartile Range

Economy 1 2 3 4 5 6 Avg
Treatment 1 | 0.25 0.24 0.39 0.19 0.43 0.60 0.35
Treatment 2 | 0.29 0.12 0.30 0.56 0.19 0.30 0.29
Treatment 3 | 0.26 0.16 0.24 0.10 0.29 044 0.25
Treatment 4 | 0.69 0.21 047 0.81 0.61 1.23 0.67

Table 4: Medians of Stage II Dispersion Measures

trends or the data-driven forecast, but that she considerably tries to steer the
economy towards target. By contrast, in the economy with deflationary spiral
S P, is mostly very close to zero with a median value of —0.01. A median of
zero cannot be rejected by the Wilcoxon signed rank test (p = 0.4) in this case.
This implies that the central bank forecaster is not concerned with steering the
economy back to the target, but solely with giving “correct” projections.??

The stabilizing role of forward guidance at the zero lower bound is particu-
larly surprising, since at the zero lower bound an overoptimistic (or strategic)
inflation projection must be considered cheap talk. At the zero lower bound,
the central bank has no means to actively support the public projection using
the interest rate. We believe that the evidence presented in this section is a con-
firmation of Hypothesis 1(b). Furthermore, our results support the finding by
Duffy and Heinemann (2014), that cheap talk can be a very successful strategy
for the central bank to achieve its stabilization goals.

4.3 Anchoring Effect of Forward Guidance

In the following, we analyze the anchoring effect of forward guidance and its de-
pendence on the information content of the inflation projections. The anchoring

22The negative sign of the strategic-ness measure indicates that the central bank forecaster
predicts an even more extreme deflationary spiral relative to what is predicted by the data-
driven forecast.
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[1] 2] 3] [4] [5]
constant | 0.047 0.087 0.140 0.070 0.214
[0.125] 0.102] [0.119] [0.131] [0.164]
PP, 0.020  —0.079%*  —0.094%%  —0.067* 0.270%#*
[0.046] [0.035] [0.038] [0.040] [0.084]
Opero1 | 0.248%FF  (190%FF  (.189%FF  (.203%%*F  (.140%
[0.049] [0.059] [0.067] [0.068] [0.070]
re 0.029 0.040% 0.031 0.039 0.003
[0.025] [0.020] [0.024] [0.027] [0.034]
n —0.048  —0.003 0025  —0.008  —0.072
[0.039] [0.038] [0.050] [0.046] [0.075]
U, 0.301%¥F%  (184%%%  (I87FFF  (.212%FF  (.300%F*
[0.047] [0.046] [0.059] [0.048] [0.086]

Table 5: Anchoring effect of forward guidance
[1] T1-T4; [2] T1-T3; [3] T1 vs T2; [4] T1 vs T3; [5] T1 vs T4

effect manifests itself in a lower disagreement among individual professional fore-
casters in the presence of forward guidance relative to the absence of forward
guidance. We measure disagreement among individual professional forecasters
by the cross-sectional dispersion of individual professional forecasts in each pe-
riod ¢, using four alternative dispersion measures which are commonly found in
the literature; the variance as in Fujiwara (2005), the standard deviation as in
Pfajfar and Zakelj (2012), the distance between the highest and the lowest fore-
cast (henceforth: range) as proposed by the FED, and the inter-quartile range of
forecasts in any given period as in Ehrmann et al. (2012); Hubert (2014). Table
4 (in Appendix) presents the median values of all four measures for each of the
single economies and the respective averages for each of the four treatments.??
The table shows that for all four measures considered informative forward guid-
ance (Treatments 2 and 3) reduces the disagreement among individuals roughly
by one third. Not surprisingly, the random central bank inflation projection
(Treatment 4) increases disagreement considerably, almost doubling the disper-
sion of individual forecasts. According to the Mann-Whitney-Wilcoxon test the
above mentioned differences are highly statistically significant at the 1% sig-
nificance level. To account for Stage I influences, analogously to the previous
stability analysis, Table 19 presents the dispersion measures in Stage II relative
to their counterparts in Stage I. The numbers in Table 19 confirm the previ-
ous results that informative central bank forward guidance more successfully
reduces the disagreement among the individual professional forecasters.

To quantify the anchoring effect of public inflation projections, in the spirit
of Ehrmann et al. (2012) and Hubert (2014), we resort to a simple regression
analysis of the form

Ofer = constant + 1 PPy + Booges—1 + B3 Xy + &, (16)

23The results are the same for the mean in stead of the median of the dispersion measures.
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where oy., is the cross-sectional dispersion of the professional forecasters in
period t, PP, is a dummy variable which takes value 1 when a public inflation
projection is present and X; is a vector of macroeconomic controls. The macroe-
conomic controls X; comprise the interest rate, the output gap, and inflation
uncertainty defined by IU; = |m; —my—1]|, which is the absolute error of a random
walk forecast (Ahrens and Hartmann, 2015). We expect a positive relationship
between inflation uncertainty and cross-sectoral dispersion. The higher infla-
tion uncertainty, the harder the prediction of inflation and thereby the greater
the cross-sectional dispersion (Capistran and Timmermann, 2009; Dovern and
Hartmann, ming). Concerning the remaining control variables, first, we expect
cross-sectoral dispersion to be positively influenced by the interest rate. Ac-
cording to the Taylor rule, the interest rate increases in inflation. Mankiw et al.
(2004) show that a higher level of inflation, in turn, yields more disagreement
in inflation expectations. For the output gap we expect a negative relationship,
since Dovern et al. (2012) and Hubert (2014) document a higher disagreement
in recessions. The parameter estimates are summarized in Table 5. Column [1]
in Table 5 shows the results when all four treatments (T1,T2,T3,T4) are consid-
ered. In this case, the table shows that the publication of inflation projections
per se has no anchoring effect, i.e., PP; is close to zero and statistically insignif-
icant as are the interest rate and output gap coefficients. For the complete set
of data, cross-sectional dispersion is a persistent phenomenon which is mainly
driven by inflation uncertainty. In Columns [2]-[5] we distinguish between in-
formative and non-informative forward guidance. While Columns [2]-[4] show
variants which abstract from uninformative forward guidance (Treatment 4),
Column [5] abstracts from informative forward guidance. Consider Columns
[2]-[4] first. Column [2] shows the parameter estimates of 16 using data from
Treatments 1 to 3, Column [3] using data from Treatments 1 and 2 and Column
[4] using data from Treatments 1 and 3. First, the table shows that all parameter
values have the expected sign. More importantly, informative forward guidance
unambiguously reduces the cross-sectional dispersion of individual expectations.
The reduction is economically relevant (approximately 8%) and statistically sig-
nificant. The influence of inflation uncertainty on the cross-sectional dispersion
remains statistically significant but is mitigated quantitatively. The interest rate
and the output gap coefficients again are negligible. Finally, Column [5] shows
the parameter estimates of 16 using data from Treatments 1 and 4 only. Now,
the effect of publishing inflation projections is positive and statistically signif-
icant. Uninformative forward guidance increases the cross-sectional dispersion
by approximately 27%.

Taken together, these above results give rise to the notion that informa-
tive forward guidance acts as an anchor for private-sector inflation expecta-
tions, while uninformative forward guidance unleashes disturbing forces driving
private-sector expectations apart. Therefore, our evidence confirms Hypothesis
2. Furthermore, the evidence documents a substantial influence of central bank
forward guidance on private-sector expectation formation. Section 5 analyzes
this influence in more detail.

4.4 Forecasting Performance

In this section, we analyze the relative forecasting performance of the subjects,
the data-driven forecast, and the computer-algorithms. We evaluate the relative

24



Treatment 1 (Control)

MSE of... S1 S2 S3 S10 S11 S12 Avg
pub — — — — — — —
cbf 0.3526 0.1285 0.6639 0.1735 3.1312 1.0832 0.9221
ddf 0.4433 0.1557 0.5825 0.1823 1.4843 0.8233 0.6119
afc 0.2716 0.1999 0.3963 0.1975 1.7205 0.8746 0.6101

Ppub,cfb — — — — — - —

Ppub,ddf - - - - - - -

Ppub,afec * * * * * * *

Defb,ddf 0.6001 0.3409 0.2892 0.9338 0.0000 0.6321 0.0887

Defb,afe 0.5167 0.2216 0.1036 0.6460 0.1635 0.4164 0.1544

Dddf,afec 0.3107 0.3466 0.0265 0.8480 0.8128 0.9177 0.9926
Treatment 2

MSE of... ST S8 S9 S4 S5 S6 Avg
pub 0.3348 0.2056 0.5158 0.6391 0.5627 0.4112 0.4449
cbf 0.3348 0.2056 0.5158 0.6391 0.5627 0.4112 0.4449
ddf 0.4677 0.3281 0.8598 0.6749 0.9051 0.4798 0.6192
afc 0.3553 0.1508 0.5850 0.7913 0.6722 0.4271 0.4970

Ppub,cfb * * * * * — —

Dpub,ddf 0.0448 0.0966 0.0022 0.8210 0.1635 0.0030 0.0036

Ppub,afe 0.0893 0.2892 0.0007 0.3892 0.0089 0.3994 0.0703

Defb,ddf 0.0448 0.0966 0.0022 0.8210 0.1635 0.0030 0.0036

Defb,afe 0.0893 0.2892 0.0007 0.3892 0.0089 0.3994 0.0703

Dddf,afc 0.1026 0.0000 0.0232 0.5504 0.2645 0.0483 0.0420
Treatment 3

MSE of... S13 S14 S15 S22 S23 S24 Avg
pub 0.1364 0.1708 0.1054 0.2184 0.2639 0.3708 0.2110
cbf 0.3264 0.2696 0.9771 1.6227 0.4850 1.3538 0.8391
ddf 0.3123 0.2626 0.4494 1.2112 0.5417 0.3651 0.5237
afc 0.2864 0.1358 0.1964 0.2957 0.3566 0.5358 0.3011

Dpub,cfb 0.0008 0.2929 0.0407 0.0020 0.0682 0.0059 0.0012

Ppub,ddf 0.0000 0.0000 0.0000 0.0006 0.0029 0.9643 0.0051

Dpub,afe 0.0020 0.4570 0.0071 0.0057 0.2129 0.2704 0.0025

Defb,ddf 0.8322 0.9262 0.2877 0.3927 0.5167 0.0264 0.0349

Pefb,afc 0.5804 0.0357 0.1383 0.0022 0.2015 0.0105 0.0039

Dddf,afe 0.1653 0.0015 0.0015 0.0006 0.0038 0.4473 0.0407
Treatment 4

MSE of... S21 S16 S17 S18 S19 S20 Avg
pub 12.4406 6.8002 7.5838 11.1269 7.6379 11.2269 9.4694
cbf 2.3747 0.4782 0.5429 2.9523 1.1893 2.9877 1.7542
ddf 1.4340 0.3904 0.3658 3.5216 0.6601 18.6521 4.1707
afc 1.4157 0.1865 0.2121 2.1699 0.7095 5.7250 1.7365

Ppub,cfb 0.0000 0.0000 0.0000 0.0003 0.0000 0.0001 0.0000
DPpub,ddf 0.0000 0.0000 0.0000 0.0015 0.0000 0.5570 0.0288
Ppub,afe 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
Pefb,ddf 0.1697 0.5975 0.0000 0.5121 0.1778 0.2491 0.3290
Defb,afe 0.0604 0.1216 0.0013 0.0697 0.1470 0.1943 0.9707
Dddf,afec 0.8681 0.0013 0.2462 0.0116 0.8417 0.2870 0.2569

Table 6: Mean squared errors of aggregate forecasts
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forecasting performance by means of the mean squared error in Stage II of the
experiment.

Table 6 presents the mean square errors of the published central bank pro-
jection, the central bank forecaster subject’s forecast, the data-driven forecast,
and the aggregate forecast of the professional forecasters for each economy of
all four treatments. Analogously, Table 7 presents the mean square errors of
the individual professional forecasters. Following Romer and Romer (2000) and
Hubert (2015¢), p-values for pairwise comparisons of the mean squared errors
are calculated by estimating

(g1 — EthH)Q — (41 — Efﬂt+1)2 = C+ Upy, (17)

where EZ, Eb € {Ef”bmﬂ, Ethfﬂ—t+1, Eimiy, Etddfwtﬂ}. The p-values test the
null hypothesis that ¢ = 0. The standard errors are corrected for autocorrelation
and heteroskedasticity using the Newey-West HAC method (Newey and West,
1987).

The tables show that for Treatment 1, the central bank forecaster, the ag-
gregate inflation forecast, and the data-driven forecast seem to do equally well
in most cases, as well as on average. In four out of six economies, there can-
not be found a significant ranking of the forecasts. For the remaining two
economies, there can be found the worst forecasting entity, but not the best
forecasting entity. On average, in Treatment 1 there is no (or only very little)
evidence for the superiority of one forecasting entity over the other. If at all,
the central bank forecaster subject does worst. Given the fact that the central
bank has more and better information about potential future inflation than the
professional forecasters, it is somewhat surprising that the central bank fore-
caster performs no better (rather slightly worse) than the aggregate forecast
of the professional forecasters. Two explanations come to mind. First, be-
ing rather persistent, the aggregate forecast becomes highly self-fulfilling and
thereby accurate by construction. A second potential explanation can be found
in the “wisdom of the crowd,” which describes the phenomenon that groups
can achieve higher forecast accuracy by taking the group average or median
compared to their individual forecasts, as the mean or median filters out id-
iosyncratic noise (Surowiecki, 2005). The latter argument is also supported by
the fact that (in all four treatments) the mean squared error of the aggregate
forecast of the professional forecasters for a treatment is always below the av-
erage mean squared error of all individual forecasters within that treatment.
Moreover, in 21 out of 24 economies at most one individual forecaster performs
better individually (has a lower mean squared error) than the aggregate forecast
in that respective economy.?* The remaining three economies feature at least 2
and at most 3 individual forecasters who perform better individually than the
aggregate forecast.

A similar insignificant pattern amongst the central bank forecaster, the ag-
gregate inflation forecast, and the data-driven forecast arises in Treatment 4.
The computerized random published projection in Treatment 4, not surpris-
ingly, is considerably less accurate compared to all other forecasting entities
with these differences being statistically significant.

By contrast to Treatment 4, for Treatments 2 and 3 the published infla-

24In 9 out of these 21, no individual performs better than the aggregate forecast.
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Treatment 1 (Control)

MSE of... S1 S2 S3 S10 S11 S12 Avg
FC1 0.4497 0.5543 0.6247 0.2833 2.3277 1.5632 —
FC2 0.2111 0.4802 0.5945 0.2250 3.7620 0.9305 —
FC3 0.2152 0.2893 0.6454 0.4287 2.2715 1.0389 —
FC4 0.9108 0.1726 0.9195 0.1238 2.7529 1.2018 —
FC5 0.3300 0.3609 0.3141 0.5094 2.1862 2.0727 —
FC6 0.2075 0.2316 0.5365 0.2036 2.0239 1.2129 —
Avg 0.3874 0.3482 0.6058 0.2956 2.5540 1.3367 0.9213

Treatment 2

MSE of... ST S8 S9 S4 S5 S6 Avg
FC1 0.3584 0.2240 0.8300 0.5469 0.6651 0.7203 —
FC2 0.6875 0.2456 0.6117 1.5201 0.7949 0.6865 —
FC3 0.4110 0.1897 0.6458 1.1044 1.0740 0.4517 —
FC4 0.5531 0.2808 0.8203 1.1099 0.7667 0.3813 —
FC5 0.6490 0.1696 0.8520 1.7994 0.6238 0.5655 —
FC6 0.3224 0.1382 0.8060 0.9116 0.7493 0.4683 —
Avg 0.4969 0.2080 0.7610 1.1654 0.7790 0.5456 0.6593

Treatment 3

MSE of... S13 S14 S15 S22 S23 S24 Avg
FC1 1.4954 0.2084 0.6284 0.4377 0.4748 0.9681 —
FC2 0.3295 0.1324 0.2564 0.4311 0.9802 0.4643 —
FC3 0.2134 0.1600 0.2290 0.3590 0.3806 1.4494 —
FC4 0.1803 0.1929 0.2166 0.3905 0.6426 0.6912 —
FC5 0.5439 0.5522 0.2989 0.4341 0.2793 0.7486 —
FC6 0.3345 0.3756 1.4721 0.4320 0.4275 0.5949 —
Avg 0.5161 0.2703 0.5169 0.4141 0.5308 0.8194 0.5113

Treatment 4

MSE of... S21 S16 S17 S18 S19 S20 Avg
FC1 2.0562 0.2334 0.5474 2.3648 0.8475 7.2721 —
FC2 1.5361 0.2305 0.5858 3.9694 1.4475 6.5141 —
FC3 3.0017 0.4151 0.3337 2.6618 1.0044 8.7833 —
FC4 1.9393 0.2123 0.3822 1.3086 1.0983 6.4836 —
FC5 2.4415 0.2937 0.2928 2.0386 1.6323 4.3345 —
FCo6 1.6661 0.2458 0.2611 4.2126 3.3212 7.2281 —
Avg 2.1068 0.2718 0.4005 2.7593 1.5585 6.7693 2.3110

Table 7: Mean squared errors of individual forecasters
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tion projection improves substantially and performs significantly better than
any other forecasting entity, both on average and for most of the individ-
ual economies. The performance of the data-driven forecast remains basi-
cally unchanged (for pairwise comparisons the p-value is never below 0.10).
The aggregate inflation forecast of the professional forecasters improves sig-
nificantly only when a good computerized central bank projection is provided
(Pafers,afers = 0.0579), whereas the improvement is not significant when the
human central bank provides the projections (pafer,afer, = 0.5542). For the
individual professional forecasters, the average reduction of the mean forecast er-
ror under informative forward guidance is substantial (approximately one third)
and statistically significant in dependent of whether the central bank is comput-
erized or not, i.e. Prery, fer, = 0.000 and pyreyy fers = 0.000. The central bank
forecaster improves her forecasting performance considerably (by more than
50%) and significantly (pebsry.cbfrs = 0.0745) when her forecast is published.
Summing up, this above evidence confirms Hypothesis 3.

The latter result is particularly interesting in the light of analyzing the poten-
tial source of the well-documented superiority of central bank projections over
private-sector expectations. Romer and Romer (2000) put forth the hypothesis
that the FOMC is able to produce superior inflation projections from publicly
available information projections simply by committing far more resources to
forecasting compared to the private sector. The results from Treatments 1 and 2
in our experiment reject this hypothesis. In both treatments, an equal amount of
resources is invested to process the publicly available information and to provide
it to the central bank forecaster in the form of the data-driven forecast,?® yet
the forecasting performance of the central bank forecaster differs substantially.
Three potential explanation may be put forward for this difference: the quality
of the information supplied to the central bank forecaster, the different incentive
structure for the central bank forecaster across both treatments, and the publi-
cation of the inflation projection. Since the predictive power of the data-driven
forecast is similar across Treatments 1 and 2, information quality cannot explain
the difference. Also, the central bank forecaster’s incentive cannot explain this
result. The central bank forecaster’s incentive to predict inflation accurately is
stronger in Treatment 1 relative to Treatments 2 (as in Treatments 2 there is a
trade-off between predicting correctly and strategically). Consequently, a better
forecasting performance should be expected in Treatment 1 and not the other
way around. By contrast, the publication of the inflation projection is a poten-
tial explanation for the improved forecasting performance. If credible, central
bank projections are self-fulfilling. That is, when the central bank publishes a
high (low) projection and professional forecasters respond by giving a forecast
in the same direction, then a high (low) rate of inflation realizes. Consequently,
even ex-ante incorrect projections, if believed by the professional forecasters, are
evaluated as quite accurate projections ex-post. Whether or not central bank
projections indeed positively affect private sector expectations and hence are
(at least in part) self-fulfilling, we explore in more detail in the next section.

25Note that the “required for target” information supplied to the central bank forecaster in
Treatment 2 has no predictive content for potential future inflation and thereby should not
be included in the information set used for accurate forecasting.
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5 Expectation Formation

In this section we analyze how individual subjects form their expectations. We
consider the professional forecasters (Section 5.1) and the central bank forecast-
ers (Sections 5.2) separately.

5.1 Professional Forecaster Expectation Formation

In the four treatments of the experiment we can distinguish two types of profes-
sional forecasters: professional forecasters that were not exposed to a published
projection, and professional forecasters that did see a published projection prior
to submitting their own forecast. In this section we investigate (i) whether these
two groups of forecasters formed expectations in a qualitatively different way
and (ii) to what extent the expectation formation of the forecasters that did see
a central bank projection depended on the quality of this projection. Since we
treat Stage I as learning stage in all treatments and Stage III presents subjects
with an inherently unstable environment, we focus this analysis on Stage II only.

Treatment Treatment 2 Treatment 3 Treatment 4
constant 39% 36% 56% 50%
(0.431) (0.242) (0.733) (0.828)
Ef%, 14% 19% 14% 19%
(0.429) (0.140) (0.395) (0.550)
Ef%m,_, 3% 11% 17% 8%
(-0.734) (-0.479) (-0.385) (-0.369)
M1 92% 47% 56% 42%
(1.105) (0.617) (0.744) (0.813)
T2 36% 25% 17% 11%
(-1.140) (-0.553) (-0.006) (-0.586)
Y1 14% 11% 14% 25%
(-1.055) (0.971) (0.348) (1.350)
EPr, 69% 31% 31%
(0.818) (1.441) (0.216)
avg. R? 0.76 0.72 0.66 0.46
#Sign.Coeff 1.97 2.19 2.03 1.86

Table 8: Percentages of Significance Regressors for Professional Forecasters
Note: Median parameter estimates are presented in parentheses.
First, consider professional forecasters that did not see a published projec-
tion when making their own forecast. This group consists of the professional
forecasters in Treatment 1 (the control treatment). We follow Massaro (2012)

and regress each subject’s inflation forecast on a general linear forecasting rule
of the form

2 2
Efm =+ olB%m i+ Blmi+ vy + e, (18)
=1 =1

where €7 is the error term of each individual regression. The results are sum-
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marized in the second column of Tables 8 and 8, which show the percentage of
individually significant regressors and the median estimated parameter values
for each treatment, respectively.2® The second column of Table 8 shows that
92% of subjects consider the first lag of inflation when forming their expectation
about future inflation. 36% of subjects also consider the second lag of inflation.
Given that the sign of the coefficient on the first lag is generally positive with a
median of 1.11, while the sign on the second lag of inflation is generally negative
with median of -1.14 (Table 8) it appears that the professional forecasters en-
gaged in trend following behavior when forecasting inflation. In line with early
evidence from Adam (2007) only few subjects consider past realizations of the
output gap to predict future inflation.

Next, we consider all subjects which were shown a public central bank pro-
jection prior to submitting their own forecast. This group consists of all subjects
in Treatment 2, 3, and 4. We follow the same procedure as above, but with one
difference. Now, we include the published central bank inflation projection as
an additional regressors in the set of possible regressors. Thus, the subject’s
new general linear forecasting rule has the form

2 2
Ef %m0 = Cj+z afEff;jml—ﬂrZ BImi_ it ys1+6 BV mp g 4el. (19)
i—1 i—1

Column 3 of Table 8 shows the results of the regression on the subjects with a
published projection provided by a human central banker. It can be seen that
for 69% of the subjects the published projection has a statistically significant
effect on their expectations. This is more than for the first lag of inflation which
is now statistically significant for less than half of the subjects. The significance
of the second lag of inflation is also reduced considerably. Surprisingly, when
the public central bank projection is given by a computer algorithm, it is statis-
tically significant only for 31% of the subjects (Columns 4 and 5). Nevertheless,
the first and second lag of past inflation lose significance compared to the con-
trol treatment. We conclude from this that when subjects are presented with
a published central bank projection, many subjects let their own forecast be
affected by the public projection. In this case, subjects put less weight on past
inflation and trend behavior in inflation in particular.

The bottom row of Table 8 presents the average number of significant regres-
sors used in the expectation formation process in each of the four treatments.
Interestingly, this number is around two for all of the four treatments. This
leads to the conclusion that subjects rather substitute the public central bank
inflation projection for another source of information than complement their
information set in the expectation formation process.

Another interesting observation is that the fraction of subjects using the
published inflation projection is the same, independent of whether the com-
puter algorithm is sophisticated and good or bad (Treatment 3 versus 4).27

26Tn the estimation we follow Massaro (2012) by iteratively eliminating all insignificant
regressors. The details of the procedure are presented in the Appendix.

27Interestingly, when we split the sample between subjects with high cognitive ability and
subjects with low cognitive ability this is no longer the case (see Table 20 in Appendix). We
measure cognitive ability with the three-item “cognitive reflection test” of Frederick (2005).
Subjects with a higher CRT use the published projection more often when it is informative
(Treatments 2 and 3), while they use it less often when it is uninformative (Treatment 4).
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However, even though the fraction of subjects considering the public projection
in Treatments 3 and 4 are the same, we find that the weight subjects put on
this projection when forming their expectations is much higher for Treatment
3 compared to Treatment 4. The median of the significant coefficients on the
published projection in Treatment 3 is 1.44, whereas it is 0.22 in Treatment 4.
The coefficient in Treatment 3 is furthermore also bigger than in Treatment 2,
where the median coefficient is equal to 0.818.

5.2 Central Bank Forecaster Expectation Formation

Now, consider the expectations of the central bank forecaster subjects. Anal-
ogous to the previous analysis, for each central bank forecaster subjects j we
estimate a general linear forecasting rule. To account for the additional infor-
mation supplied to the central bank forecaster subject, the general forecasting
rule takes the following form:

2 2
bf,j j j acbf,j j j
Ey fJ?Tt-H = d+ g Oé?Ef,{"]?TtH—i—i- E Blmi—i + vy
el i=1
+5{Etddfﬂ't+1 + (gE:ftﬂt_;.l + 6{. (20)

Note that for subjects in Treatments 1 5% = 0 and that for subjects in Treat-
ments 3 and 4 § = 6} = 0.28 Table 9 summarizes the percentages of significance,
which is now based on 6 observations per treatment.

The central bank forecasters of Treatments 3 and 4 face the same decision
as the professional forecasters in Treatment 1, with the only difference that the
central bank forecasters have no influence whatsoever on the economy. Since the
influence of an individual professional forecaster is relatively small, we should
expect to see a similar expectation formation process. Indeed, from columns
4 and 5 of Table 9, it can be seen that most subjects have a significant (posi-
tive) coefficient (with medians of 1.01 in Treatment 3 and a median of 0.93 in
Treatment 4) on the first lag of inflation and that many subjects also have a
negative coefficient (with medians of -0.73 in Treatment 3 and a median of -0.68
in Treatment 4) on the second lag of inflation.

When facing the same decision as in Treatments 3 and 4, but when presented
with the data-driven forecast (Treatment 1), the central bank forecaster resorted
strongly to this source of information in their expectation formation process.
This is in line with the result of the previous section that professional forecasters
that got a published central bank projection in each period partly substituted
this forecast for their own trend extrapolations. This results seems even stronger
for the central bank forecaster in Treatment 2. Five out of the six subjects get
a significant coefficient on the data-driven forecast and past inflation is never
significant.??

It is further noteworthy that not a single significant coefficient on the “re-
quired for target” is obtained. To investigate in more detail to what extend
the central bank forecaster in Treatment 2 made use of the data-driven forecast

Therefore, subjects with a high CRT score can be seen as more “rational.”

28The estimation procedure again follows the procedure described in the Appendix. The
order of removal for equation (20) is: a2,71, B2, 02,01, 81, a1, c.

29For the sixth subject we do not obtain a significant coefficient on any of the regressors.
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Treatment 1 2 3 4
constant 17% 33% 17% 67%
(0.338)  (0.200)  (0.123)  (0.682)
EIm, 33%  33% 0% 0%
(0.597)  (0.323)  (0.000)  (0.000)
EIm,_y 0% 0% 33% 17%
(0.000)  (0.000) (-0.155)  (-0.373)
Te_1 50% 0%  100%  83%
(0.792)  (0.000)  (1.014)  (0.927)
Ti_o 33% 0% 50%  33%
(-0.887)  (0.000) (-0.678)  (-0.773)
Yi-1 0% 0% 0% 0%
(0.000)  (0.000)  (0.000)  (0.000)
B, 50%  83%
(0.984) (0.660)
Et 0%
(0.000)
avg. R2 0.66 0.63  0.64  0.52
#Sign.Coeff | 1.83 1.5 2 2

Table 9: Percentages of Significance Regressors for Central Bank Forecasters

Note: Median parameter estimates are presented in parentheses.

rather than the “required for target”, we pool the observations of all 6 subjects
together and estimate the following regression.3’

Ethfﬂ't+1 = blE:ftT('t+1 + (1 - bl)Egdf’]Tt+1 (21)

This regression can give insight in the conditions under which subjects ex-
pectations where more in line with the data-driven forecast or more with the
“required for target.” Specifically, we look at how this depends on credibility,
as measured by the credibility index, and on how close inflation was to the tar-
get in the previous period. We do this by splitting the sample of observations
according to the credibility index and according to the distance from target.
Results are collected in Table 10.

Rows 2 and 3 show the results for estimating equation (21) split in two
subsamples. The subsample for Row 2 collects all observations for which the
credibility index is larger than its sample median. Row 3 collects all observations
for which the credibility index is lower than or equal to the sample median. As
can be seen, the relative weights on the “required for target” and the data-
driven forecast change only negligibly. Thus, credibility seems to have only a
negligible influence on the central bank forecasters’ decision whether to follow
the data-driven forecast or the “required for target.”

Rows 4 and 5 show the relative weights, when the sample is split according
to the distance of inflation from the target. For observations close to the target,

30We also estimate regressions where we add past inflation and a constant as extra regressors.
However, both of them do not obtain coefficients that are significant at a 5% level, while the
data-driven forecast and the required for target both are significant at a 1% level. It therefore
seems that it is not necessary to add these controls.
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Sample b1 n.obs
0.2977F
Full Sample (0.215,0.379) 120
7777777777777 07.37()]?**7*7 -r - - ="
High Credibility | (0.187,0.414) | 56
0.295%**
Low Credibility | (0.178,0.412) 64
77777777777 - 707.287**7*7 -r - - - -
Far From Target | (0.160,0.413) 59
0.374%**
Close To Target | (0.256,0.492) 61
7777777777777 0737947*>‘?*7 - - - ="
CTT + LC (0.321,0.468) | 27
0.354**
CTT + HC (0.139,0.570) | 33
0.261**
FFT + LC (0.088,0.435) | 37
0.365**
FFT + HC (0.224,0.507) 23

Table 10: Weights on RfT and DDF in Expectation Formation Process

the estimated weight on the “required for target” (0.374) is considerably higher
than for observations further away from the target (0.287). This may indicate
that when inflation is far from the target, subjects are mainly occupied with
predicting correctly, but that when the target comes in sight they start aim-
ing more to achieve this target. Due to a limited number of observations the
difference is however not statistically significant.

Finally, for the last four rows of Table 10 the sample is split in four quadrants
according to both the credibility index and the distance of inflation from target.
This analysis seems to indicate that when inflation is close to the target credi-
bility does not play much of a role, but when inflation is far from the target, less
credibility implies less weight on “required for target” and more weight on the
data-driven forecast. The differences are, yet again, not statistically significant.

The above above seems to indicate that their might be some truth to Hy-
pothesis 4, at least when inflation is far away from its target. However, because
of a small sample size, we are not able to confirm or reject the hypothesis.

6 Credibility of the Central Bank Projections

In the stability analysis in Section 4 we have not explicitly considered the role of
the credibility of the published central bank projections. We now turn this issue
in more detail. In Section 6.1 we consider whetter credibility of central bank
projections depends on past performance of the projections, while in Section 6.2
we look at the influence of credibility on the central bank’s ability to stabilize
the economy.
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6.1 How Past Performance Shapes Future Credibility

First, we study whether past performance of public inflation projections deter-
mines the credibility of future inflation projections. To analyze this, we fol-
low Mokhtarzadeh and Petersen (2016) and estimate a series of probit models,
where the dependent variable Utilize, is binary taking value 1 if individual pro-
fessional forecasters utilized the central bank projection and 0 if not. A central
bank projection is said to be utilized if an individual professional forecasters
forecast is within 5 basis points of the respective central bank projection.?' In
accordance with Mokhtarzadeh and Petersen (2016), our explanatory variable
is past forecasting performance of the central bank projections, measured by
the absolute®? forecast error from the previous period. As controls we employ
the absolute deviation of previous inflation from the central bank’s inflation tar-
get, the absolute deviation of previous inflation from each individual’s expected
central bank target (elicited from a questionnaire after the experiment), the
professional forecasters previous absolute forecast error, period ¢t — 2 utilization
of the central bank projection, and the interaction of the latter two. The inter-
action term measures the degree to which past shaken confidence in the central
bank projection influences the willingness to utilize the central bank projection
in the future. Additionally, we control for past aggregate credibility of the cen-
tral bank projection measured by the period ¢t — 1 credibility index, and the
subjects cognitive ability measured by the three-item “cognitive reflection test”
of Frederick (2005). The estimation results for Stage II from Treatments 2, 3,
and 4 are presented in Table 11 and for Stage III in Table 21, presented in the
Appendix.

The tables show that central bank projections are more likely to be adopted
in the future, if they were accurate in the past, independent of whether the
economy functions in normal times or in times of severe economic stress. Con-
sequently, credibility increases in past forecasting performance, confirming Hy-
pothesis 5(a). Additionally, credibility also seems to be a persistent phenomenon.
If a professional forecaster adopted the central bank projection in the past or if it
was credible in the past, the professional forecasters are more likely to adopt the
central bank projection in the future. Even if the adoption of a past projection
ex-post turns out to be a disappointment, i.e., it resulted in an own large fore-
cast error, the willingness of the professional forecaster to adopt future central
bank projections remains unchanged, which can be read from the insignificance
of the interaction term in Tables 11 and 21. Subjects seem to pay more attention
to the performance of the central bank projections than to reflect on their past
behavior and its outcomes. Finally, in line with evidence presented in footnote
27, the probit regressions reveal that cognitive ability increases the likelihood
to adopt central bank projection.

31Mokhtarzadeh and Petersen (2016) choose a band of 2 basis points to identify utilization
of the central bank projection, which yields approximately 20% of private forecasts to utilize
the central bank projection in their experiment. In our experiment, a 2-basis-point band
yields a utilization of only around 7.5%, whereas a 5-basis-point band yields around 17.5%
utilization. The increased number of observations in the 5-basis-point case does not change
the qualitative results of the estimation, but results in stronger statistical significance.

32Results do not change if forecast errors are squared. Only exception is that the interaction
term gains significance. Results are available from the authors on request.

35



6.2 The Role of Credibility for Stabilizing Forward Guid-
ance

Next, we analyze how credibility of central bank projections affects the central
bank’s ability to stabilize the economy.

Comparing Treatments 3 and 4 when entering Stage III yields a natural test
for Hypothesis 5(b), at least for times of severe economic stress. Right before
entering the recession in period 29, central bank projections in Treatment 3
are highly credible (credibility index is If7%% = 0.89 and the median subjec-
tive survey measure is 7), whereas they are not credible at all in Treatment 4
(credibility index is If7$% = 0.125 and the median subjective survey measure

is 3). Therefore, credibility of central bank projections is highly different (and

survey jered

statistically significantly so Pryrs = 0.005 and ppg 1y = 0.005) upon entering
the deep recession initiated by the series of fundamental shocks. Despite this
huge difference in credibility, the behavior of the economy in the time of severe
economic stress is basically identical, as documented by the important key indi-
cators describing the median severity of the economic downturn in Treatments
3 and 4 from Table 2. Therefore, low credibility of the inflation projection
upon entering the recession does not hamper the stabilizing role of informative
forward guidance at the zero lower bound. Consequently, this evidence rejects
Hypothesis 5(b) for times of severe economic stress. Whether or not credibility
has an influence on the stabilizing power of forward guidance in normal times
is subject to further research.

7 Conclusion

In this paper, we study the stabilizing role of central bank forward guidance
in a standard New Keynesian learning-to-forecast laboratory experiment. Sub-
jects take the role of “professional forecasters” in the private sector who form
one-period ahead inflation forecasts. Subjects are provided with a limited under-
standing of the true data generating process and a public central bank inflation
projection, i.e. Delphic central bank forward guidance. We show that a central
bank can manage private-sector expectations via the publication of (strategic)
central bank inflation projections and that such expectations management can
successfully be applied as an additional monetary policy instrument to stabilize
the economy.

In particular, we show that central bank forward guidance dramatically in-
fluences the subjects’ expectations formation process. In the absence of forward
guidance, subjects expectation formation process is well characterized as mostly
backward-looking with simple trend following. In the presence of forward guid-
ance, by contrast, the public inflation projection becomes an influential piece
of information which starkly diminishes the prevalence of backward-looking ex-
pectation formation. The utilization of the central bank projections, albeit
very persistent, is not unconditional. Weak past performance, which manifests
in large forecast errors, reduces future credibility of the public projection and
therewith the subjects’ probability of future utilization.

The documented influence on expectations by means of forward guidance
strongly impacts on macroeconomic activity. We show that whether this impact
is stabilizing or destabilizing yet again depends on the quality of the published
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forecast. During normal times and given reasonable and informative public
projections, the economy quickly converges towards its steady state and subse-
quently fluctuates around it closely. Uninformative noisy inflation projections,
by contrast, are generally harmful to the economy as they unleash disturbing
forces which give rise to large fluctuations of the economy. In times of severe
economic stress at the zero lower bound, the publication of overly optimistic
central bank projections turns out to strongly reduce the risk of deflationary
spirals. Pessimistic central bank projections, however, have the potential to
fuel or even initiate a deflationary spiral.

Finally, the increase in economic stability due to informative forward guid-
ance has positive effects on the predictability of the economy. Professional
forecasters increase their forecasting performance significantly and the disagree-
ment among forecasters diminishes. By contrast, the aversive effects of noisy
public projections unleash disturbing forces which give rise to more dispersed
and less precise individual private-sector forecasts.

Our results have important implications for central bank practice. We show
that central bank forward guidance is a powerful tool for stabilization policy in
normal times and at the zero lower bound. However, while a good track record
of accurate forecasts is important for credibility, we find that some strategic-
ness in the published forecasts greatly enhances the stabilizing power of forward
guidance. Especially in times of severe economic stress, fully truthful projections
may be harmful rather than beneficial.
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Appendix

Estimation procedure for equation (18)

First Formula (18) is estimated with OLS. Then the joint significance of all the co-
efficients that where found to be individually insignificant in the above regression is
tested. If these coefficients are jointly insignificant, all of them are removed. If they
are jointly significant, exactly 1 coefficient is removed. The coefficient that is removed
is then the individually insignificant coefficient that ranks first in the following order
of removal list: az,~v1, 82,9, 51, a1, c.

After one or more coeflicients are removed. Formula (18) is reestimated without
this (these) coefficient(s). Then the joint significance of the coefficients found to be
individually insignificant in the new regression is tested and coefficient(s) are removed
according to the same procedure as above. This process is repeated until either a
regression is performed where all remaining coefficients are individually significant, or
until all coefficients are removed.
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Statistic | Periods 1-8 (Stage I)
Inflation
S1 S2 S3 S10 S11 S12 Avg
Mean 3.0 26 28 2.6 2.0 1.9 2.5
Median 26 32 24 2.5 2.1 1.6 2.4
Variance | 0.4 1.6 1.0 0.4 2.5 2.6 1.4
Output gap
S1 S2 S3 S10 S11 S12 Avg
Mean -1.2 -0.9 -0.7 -0.9 -0.8 -0.7 -0.9
Median | -1.2 -0.9 -0.7 -0.8 -0.9 -0.8 -0.9
Variance | 0.1 0.2 0.3 0.3 0.2 0.4 0.2
Interest rate
S1 S2 S3 S10 S11 S12 Avg
Mean 74 7.0 7.3 7.1 6.2 6.2 6.9
Median 6.9 77 6.8 6.8 6.3 5.6 6.7
Variance | 0.8 2.5 1.6 0.8 3.7 4.2 2.3
Statistic | Periods 9-28 (Stage II)
Inflation
S1 S2 S3 S10 S11 S12 Avg
Mean 1.2 0.5 1.4 0.8 -0.3 1.1 0.8
Median 1.1 0.5 1.4 0.5 -1.0 1.0 0.6
Variance | 0.4 0.3 0.2 0.5 3.2 1.0 1.0
Output gap
S1 S2 S3 S10 S11 S12 Avg
Mean -0.7 -0.3 -0.5 -0.3 -0.2 -0.4 -0.4
Median | -0.7 -0.3 -0.4 -0.3 0.0 -0.4 -0.4
Variance | 0.1 0.2 0.2 0.2 0.3 0.2 0.2
Interest rate
S1 S2 S3 S10 S11 S12 Avg
Mean 53 4.6 5.6 4.9 3.5 5.2 4.9
Median 52 43 5.7 4.6 2.7 5.1 4.6
Variance | 0.7 0.5 04 0.7 4.7 1.3 1.4
Statistic | Periods 29-37 (Stage III)
Inflation
S1 S2 S3 S10 S11 S12 Avg
Mean -1.6 -1.0 -0.2 -65.9 -73.7 -128.4 -45.1
Median | -1.9 -1.6 -0.4 -14.6 -11.5 -21.8 -8.6
Variance | 1.0 1.9 1.0 1.1-10* 1.910* 6.2:10* 1.5-10*
Output gap
S1 S2 S3 S10 S11 S12 Avg
Mean -1.5  -1.2 -1.9 -92.5 -90.6 -156.6 -57.4
Median | -2.1 -1.1 -1.5 -14.7 -12.4 -26.3 -9.7
Variance | 3.1 2.1 4.2 2510" 2.810* 8.7-10* 2.3-10*
Interest rate
S1 S2 S3 S10 S11 S12 Avg
Mean 1.5 23 3.1 0.3 0.7 0.2 1.3
Median 1.2 1.8 3.2 0.0 0.0 0.0 1.0
Variance | 2.5 4.7 3.8 0.5 2.5 0.4 2.4

Table 12: Descriptive Statistics of Treatment 1 (Control)
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Statistic | Periods 1-8 (Stage I)

Inflation

S7 S8 S9 S4 S5 S6 Avg

Mean 3.1 2.5 2.9 3.4 2.2 1.6 2.6
Median 3.2 3.0 2.7 3.4 2.3 1.5 2.7
Variance 1.3 1.8 0.5 0.1 1.2 0.9 1.0

Output gap

S7 S8 S9 S4 S5 S6 Avg

Mean -1.3 -09 -0.7 -1.2 -0.9 -0.5 -0.9
Median | -1.4 -0.9 -0.8 -1.1 -1.0 -0.6 -1.0
Variance | 0.1 0.2 0.2 0.5 0.2 0.2 0.2

Interest rate

S7 S8 S9 S4 S5 S6 Avg

Mean 75 69 75 80 6.5 5.9 7.0
Median vToo74 07179 6.7 5.7 7.1
Variance | 2.2 28 0.8 0.2 1.9 1.7 1.6

Statistic ‘ Periods 9-28 (Stage II)

Inflation

S7 S8 S9 S4 S5 S6 Avg

Mean 0.5 0.2 0.3 0.9 0.1 0.5 0.4
Median 04 03 04 0.8 0.2 0.5 0.4
Variance | 0.3 0.2 0.3 0.8 0.5 0.5 0.4

Output gap

S7 S8 S9 S4 S5 S6 Avg

Mean -04 -02 -02 -03 -0.4 -0.2  -0.3
Median | -0.5 -0.2 0.0 -0.3 -0.3 -0.2  -0.3
Variance | 0.1 0.2 0.2 0.2 0.1 0.1 0.2

Interest rate

S7 S8 S9 S4 S5 S6 Avg

Mean 4.5 4.2 4.4 5.0 4.0 4.6 4.4
Median 44 43 45 5.0 4.1 4.6 4.5
Variance | 0.4 0.3 0.6 1.1 0.9 0.8 0.7

Statistic ‘ Periods 29-37 (Stage III)

Inflation

S7 S8 S9 S4 S5 S6 Avg

Mean -09 -12 -1.7 -13 -23.1 -09 -4.9
Median | -1.0 -0.6 -2.0 -1.6 -8.9 -0.7  -25
Variance | 1.0 2.7 6.7 3.5 11555 2.5 195.3

Output gap

S7 S8 S9 S4 S5 S6 Avg

Mean -20 -15 -24 -18 -296 -1.6 -6.5
Median | -2.3 -1.7 -23 -22 -104 -1.3 -34
Variance | 4.7 3.0 4.6 47 18988 2.9 3198

Interest rate

S7 S8 S9 S4 S5 S6 Avg

Mean 2.3 2.3 2.1 2.2 0.2 2.5 1.9
Median 2.0 3.0 04 1.3 0.0 2.3 1.5
Variance | 3.7 4.4 7.6 4.9 0.4 4.8 4.3

Table 13: Descriptive Statistics of Treatment 2
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Statistic | Periods 1-8 (Stage I)
Inflation
S13  S14 S15 S22 S23  S24  Avg
Mean 24 22 24 28 26 3.0 2.6
Median 1.8 26 25 29 2.7 28 2.5
Variance | 0.7 1.7 0.0 1.5 0.4 1.4 1.0
Output gap
S13 S14  S15 S22 S23  S24  Avg
Mean -1.0 -0.8 -05 -09 -1.0 -1.0 -09
Median | -1.0 -0.8 -0.6 -0.8 -1.1 -1.1 -0.9
Variance | 0.1 0.1 0.2 0.5 0.1 0.4 0.2
Interest rate
S13  S14  S15 S22 S23  S24  Avg
Mean 6.7 6.5 6.8 7.3 7.0 75 7.0
Median 6.0 6.9 6.9 7.3 7.0 7.1 6.9
Variance | 1.2 2.8 0.1 26 0.7 25 1.7
Statistic ‘ Periods 9-28 (Stage II)
Inflation
S13  S14 S15 S22 S23  S24  Avg
Mean 04 00 02 03 00 038 0.3
Median 04 00 02 02 -0.1 0.6 0.2
Variance | 0.2 0.2 0.2 0.3 0.4 1.0 0.4
Output gap
S13 S14  S15 S22 S23  S24  Avg
Mean -04 -0.1 -01 -0.1 -04 -04 -0.2
Median -0.4 -0.2 0.0 -0.1 -0.2 -04 -0.2
Variance | 0.1 0.1 0.2 0.1 0.2 0.2 0.2
Interest rate
S13  S14  S15 S22 S23 S24  Avg
Mean 44 40 42 43 39 49 4.3
Median 44 40 43 43 37 46 4.2
Variance | 0.3 0.3 0.3 0.4 0.6 1.4 0.6
Statistic ‘ Periods 29-37 (Stage III)
Inflation
S13 S14  S15 S22 S23  S24  Avg
Mean -0.8 -1.8 -09 -10 -1.7 -20 -14
Median | -0.8 -2.3 -09 -16 -1.7 -1.8 -1.5
Variance | 0.9 1.0 1.1 3.1 1.5 3.5 1.9
Output gap
S13  S14  S15 S22 S23  S24  Avg
Mean -19 -12 -1.7 -15 -19 -18 -1.7
Median | -2.1 -14 -1.7 -1.0 -20 -2.6 -1.8
Variance | 44 3.2 44 54 32 2.7 3.9
Interest rate
S13  S14 S15 S22 S23  S24  Avg
Mean 2.3 1.4 23 2.4 1.5 1.5 1.9
Median 2.1 1.3 2.2 23 0.7 0.0 1.4
Variance | 3.6 1.9 3.4 6.2 2.8 4.4 3.7

Table 14: Descriptive Statistics of Treatment 3
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Statistic | Periods 1-8 (Stage I)

Inflation

521 S16  S17  S18 S19  S20 Avg

Mean 1.6 2.3 2.2 3.0 2.6 2.9 2.5
Median 1.2 2.7 2.3 3.0 2.4 2.6 2.4
Variance | 0.7 1.7 0.6 0.5 1.1 0.6 0.9

Output gap

S21 S16  S17  S18 S19 S20 Avg

Mean -0.7 -0.8 -0.5 -1.0 -1.0 -1.0 -0.8
Median | -0.7 -0.9 -0.5 -09 -1.1 -1.0 -0.8
Variance | 0.0 0.1 0.2 0.4 0.1 0.3 0.2

Interest rate

S21  S16 S17  S18 S19 S20 Avg

Mean 5.8 6.7 6.7 75 70 74 6.8
Median 53 7.1 6.7 75 6.7 7.0 6.7
Variance | 1.1 2.8 1.0 1.0 18 1.2 1.5

Statistic Periods 9-28 (Stage II)

Inflation

S21  S16  S17  S18 S19  S20 Avg

Mean 0.2 -0.1 1.1 0.9 0.6 0.9 0.6
Median 0.2 -0.1 1.0 1.1 0.6 1.1 0.7
Variance | 0.6 0.2 0.2 1.0 0.6 2.5 0.8

Output gap

S21  S16 S17  S18 S19 S20 Avg

Mean -0.2 -0.1 -04 -03 -06 -04 -0.3
Median | -0.3 -0.1 -0.3 -02 -05 -04 -0.3
Variance | 0.1 0.2 0.3 0.0 0.2 0.2 0.2

Interest rate

521 S16  S17  S18  S19  S20  Avg

Mean 4.1 3.9 5.2 5.1 4.5 5.0 4.6
Median 4.2 3.8 5.2 54 4.5 5.2 4.7
Variance | 0.9 0.3 0.2 1.7 1.0 3.4 1.2

Statistic Periods 29-37 (Stage III)

Inflation

S21 S16  S17  S18 S19 S20 Avg

Mean -0.7 -15 -136 -1.1 -06 03 -29
Median | -1.0 -19 -6.0 -14 -0.5 04 -1.7
Variance | 1.1 0.8 409.4 1.0 0.9 2.9 694

Output gap

S21  S16 S17  S18 S19 S20 Avg

Mean -1.9 -10 -152 -14 -22 -22 -40
Median | -20 -09 -52 -0.8 -24 -21 -22
Variance | 4.4 2.7 4820 44 24 42 833

Interest rate

521  S16  S17  S18 S19  S20  Avg

Mean 2.5 1.6 0.5 2.1 2.5 3.7 2.1
Median 2.2 1.1 0.0 2.2 2.5 3.6 1.9
Variance | 4.3 2.1 1.1 3.3 3.2 7.7 3.6

Table 15: Descriptive Statistics of Treatment 4
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Treatment 1 (Control) vs. Treatment 2

Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.5725) no™** (0.0001) no** (0.0370)
Output | yes (0.7030) no** (0.0369)  no™* (0.0174)
Interest | yes (0.5750) no*** (0.0001)  yes (0.1373)
Treatment 1 (Control) vs. Treatment 3
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.9795) no***(0.0000) no** (0.0110)
Output | yes (0.9124) no***(0.0052) no™** (0.0001)
Interest | yes (0.9649) no***(0.0000) yes (0.0365)
Treatment 1 (Control) vs. Treatment 4
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.7499) no** (0.0401)  no***(0.0016)
Output | yes (0.6207)  yes (0.1517) no***(0.0085)
Interest | yes (0.8922)  no* (0.0509) no** (0.0109)
Treatment 2 vs. Treatment 3
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.5333)  no** (0.0283) yes (0.4894)
Output | yes (0.6363)  yes (0.3941) no* (0.0946)
Interest | yes (0.6002)  no* (0.0540) yes (0.6951)
Treatment 2 vs. Treatment 4
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.3444) no** (0.0354) yes (0.2100)
Output | yes (0.3671)  yes (0.5047) yes (0.8658)
Interest | yes (0.3851) no*™* (0.0486) yes (0.4092)
Treatment 3 vs. Treatment 4
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.6469) no*™** (0.0002)  yes (0.2740)
Output | yes (0.6336)  yes (0.1266) yes (0.1222)
Interest | yes (0.6735) no*** (0.0005)  yes (0.6487)

Table 16: Mann-Whitney-Wilcoxon-test for equality in medians
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Treatment 1 (Control) vs. Treatment 2

Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.8032) no*™** (0.0010)  yes (0.3362)
Output | yes (1.0000)  no* (0.0656) yes (0.1824)
Interest | yes (0.6628) no*** (0.0055)  yes (0.1988)
Treatment 1 (Control) vs. Treatment 3
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.4307) no™** (0.0008) no*** (0.0047)
Output | yes (0.4414)  yes (0.1389) no* (0.0533)
Interest | yes (0.4955) no*** (0.0007)  yes (0.4596)
Treatment 1 (Control) vs. Treatment 4
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.4223)  yes (0.1648) no**(0.0332)
Output | yes (0.3350)  yes (0.1200) yes (0.1067)
Interest | yes (0.4839)  yes (0.2582) yes (0.3936)
Treatment 2 vs. Treatment 3
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.3333)  yes (0.1716)  no™*** (0.0069)
Output | yes (0.5307)  yes (0.7945) yes (0.3048)
Interest | yes (0.4138)  yes (0.1499) yes (0.1298)
Treatment 2 vs. Treatment 4
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.4679) no™** (0.0029) 1no**(0.0472)
Output | yes (0.4501)  yes (0.7594) yes (0.6648)
Interest | yes (0.6311) no™** (0.0074) no™* (0.0833)
Treatment 3 vs. Treatment 4
Variable | Periods 1-8 Periods 9-28 Periods 29-37
Inflation | yes (0.7443) no™** (0.0002)  yes (0.6896)
Output | yes (0.6493)  yes (0.5161) yes (0.5368)
Interest | yes (0.8004) no*™** (0.0001)  yes (0.8646)

Table 17: Siegel-Turkey-test for equality in variance
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Treatment 1

Economy S1 S2 S3 S10 S11 S12 Avg
RT 0.2108 0.0747 0.2521 0.1610 0.5296 0.344 0.2620
RY 0.3865 0.2458 0.7596 0.2166 0.3924 0.442 0.4072

Treatment 2
Economy S7 S8 S9 S4 S5 S6 Avg
RT 0.0466 0.0249 0.0471 0.1247 0.0863 0.238 0.0945
RY 0.1595 0.1962 0.3177 0.1580 0.2807 0.346 0.2431

Treatment 3

Economy S13 S14 S15 S22 523 S24 Avg
RT 0.0523 0.0270 0.0349 0.0368 0.0471 0.147 0.0576
RY 0.2429 0.1993 0.5759 0.0926 0.2746 0.234 0.2699

Treatment 4

Economy S21 S16 S17 S18 S19 S20 Avg
RT 0.1871 0.0261 0.2390 0.1895 0.1092 0.348 0.1831
RY 0.2956 0.1852 1.2620 0.0918 0.4225 0.275 0.4220

Table 18: Relative stability of inflation and the output gap (Stage II/Stage I)
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Treatment 1 (Control)

Measure | Statistic S1 S2 S3 S10 S11 S12 Avg

Median | 0.146 0.056 0.399 0.841 0.724 0.345 0.418

VAR StdDev | 0.146 0.178 0.052 0.154 0.303 1.154 0.331

Median | 0.384 0.239 0.631 0.917 0.865 0.587 0.632

STD StdDev | 0.333 0.388 0.206 0.350 0.524 1.144 0.451

Median | 0.397 0.232 0.667 0.819 1.035 0.640 0.593

RNG StdDev | 0.341 0.374 0.215 0.359 0.439 0.977 0.739

Median | 0.610 0.356 0.662 0.574 0.617 0.739 0.593

IQR StdDev | 0.206 0.842 0.795 0.529 0.738 1.322 0.725
Treatment 2

Measure | Statistic S7 S8 S9 S4 S5 S6 Avg

Median | 0.191 0.024 0.242 0.408 0.128 0.088 0.180

VAR StdDev | 0.205 0.102 0.227 1.313 0.647 0.130 0.437

Median | 0.438 0.156 0.502 0.641 0.358 0.296 0.399

STD StdDev | 0.436 0.355 0.420 1.020 0.817 0.366 0.569

Median | 0.452 0.155 0.414 0.591 0.388 0.298 0.383

RNG StdDev | 0.433 0.343 0.477 1.217 0.887 0.345 0.617

Median | 0.490 0.186 0.665 0.801 0.356 0.470 0.495

IQR StdDev | 0.502 0.307 1.625 1.152 0.703 0.411 0.783
Treatment 3

Measure | Statistic | S13 S14 S15 S22 S23 S24 Avg

Median | 0.271 0.109 0.082 0.023 0.520 0.370 0.229

VAR StdDev | 0.464 0.147 0.336 0.104 0.131 0.876 0.343

Median | 0.519 0.346 0.286 0.150 0.725 0.608 0.439

STD StdDev | 0.647 0.390 0.513 0.384 0.328 1.238 0.583

Median | 0.553 0.344 0.328 0.158 0.694 0.596 0.446

RNG StdDev | 0.581 0.403 0.445 0.458 0.358 1.079 0.554

Median | 0.442 0.215 0.504 0.108 0.553 0.659 0.413

IQR StdDev | 0.477 0.267 0.787 0.487 0.758 1.023 0.633
Treatment 4

Measure | Statistic | S21 S16 S17 S18 S19 S20 Avg

Median | 0.585 0.118 0.256 0.075 1.313 16.764 3.185

VAR StdDev | 1.524 0.055 0.453 0.303 3.680 6.262 2.046

Median | 0.764 0.351 0.506 0.275 1.158 4.095 1.191

STD StdDev | 1.238 0.213 0.806 0.539 1.948 2.344 1.181

Median | 0.675 0.400 0.523 0.255 1.273 4.145 1.212

RNG StdDev | 1.014 0.189 0.931 0.443 1.767 2.522 1.144

Median | 0.745 0.464 0.510 1.060 1.034 2.204 1.003

IQR StdDev | 1.667 0.468 0.495 1.483 4.583 2.040 1.789

Table 19: Relative dispersion of individual forecasts (stage II/stage I)
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Treatment Treatment 2 Treatment 3 Treatment 4
CRT score High Low High Low High Low
# of subj. 27 9 22 14 21 15
constant 37% 33% 59% 50% 38% 66%
(0.325)  (0.462)  (0.115)  (0.292)  (0.602)  (1.209)
El%T, 22% 1%  13%  14%  23%  13%
(0.185)  (-0.598)  (0.395)  (0.475)  (0.613)  (0.020)
Ef%n,_, 7% 22%  18%  14% 4% 13%
(-0.479)  (0.003)  (-0.247)  (-0.536)  (0.658)  (-0.551)
Ti_1 40% 66% 50% 64% 47% 33%
(0.599)  (0.739)  (0.822)  (0.666)  (0.860)  (0.784)
T2 22% 33% 22% 7% 9% 13%
(-0.358)  (-0.969)  (0.386)  (-0.444) (-0.811)  (0.108)
Y1 11% 11% 13% 14% 14% 40%
(1.242)  (-1.317)  (-0.202)  (0.898)  (-1.869)  (2.292)
EPr, %  44%  36%  21%  29%  33%
(0.816)  (0.839)  (1.732)  (1.418)  (0.120)  (0.336)
avg. R? 0.78 0.78 0.77 0.62 0.54 0.55
#Sign.Coeff 2.18 2.22 2.13 1.85 1.67 2.13

Table 20: Percentages of Significance Regressors for high- and low-CRT-score
Professional Forecasters

Note: Median parameter estimates are presented in parentheses.
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Figure 3: Macro variables of Treatment 1 (Control)
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Figure 4: Macro variables of Treatment 2
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Figure 6: Macro variables of Treatment 4
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Figure 7: Aggregate forecasts in Treatment 2

57



