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Abstract

Price-level targeting (PLT) is optimal under the fully-informed rational
expectations (FIRE) benchmark but lacks empirical support. Given the hur-
dles to the implementation of macroeconomic field experiments, we utilize a
laboratory group experiment — where expectations are elicited from human
subjects — to collect data on expectations, inflation and output dynamics un-
der a traditional inflation targeting (IT) framework and a PLT regime with
both deflationary and cost-push shocks. We then emulate the subjects” ex-
pectations with a micro-founded heterogeneous-expectation New Keynesian
(HENK) model and reproduce the macroeconomic dynamics observed in the
lab. Both in the lab and in the HENK model, the benefits of PLT over an IT
regime obtained under the FIRE assumption are not observed: both human
subjects and HENK agents are unable to learn the underlying implications of
PLT, which results in excess macroeconomic volatility. However, once aug-
mented with an inflation guidance from the CB consistent with closing the
price gap, the stabilizing benefits of PLT materialize both in the lab and in the
model.

Keywords: heterogeneous expectations, learning, central bank communication,
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1 Introduction

The effective-lower bound (ELB) episode that accompanied the Great Recession
followed by the steep and persistent rise in inflation in the aftermath of the COVID-
19 pandemic have called forth a rethinking of the central bank (CB) policies. In
particular, the risk of unanchored expectations, regardless of direction, have his-
torically proven to be a challenge because it may impair the expectation transmis-
sion channel of monetary policy. In this context, a remedy could be a shift from
standard inflation-targeting (IT) regimes to a form of history-dependent policy, of
which price-level targeting (PLT) is a notable representative. Under PLT, nominal
rates are adjusted so that the price level gravitates around the path that is con-
sistent with a stable and low inflation target while standard IT is only concerned

with adjusting nominal rates to keep current inflation around this target.

In this context, the Bank of Canada has considered PLT in its monetary policy
framework reviews but fell short of implementing it [Wilkins 2018]. More re-
cently, the Fed (and to a lesser extent the ECB) have announced an adjustment to
their monetary policy framework to now emphasize history-dependent inflation
targets." We review below the academic literature on the matter, which is limited

and discrepant.

This paper brings a twofold contribution to this literature. First, we provide em-
pirical evidence on the stabilizing properties of a history-dependent monetary
regime using a laboratory experiment with human subjects that studies the in-
terplay between subjects’ forecast dynamics and macroeconomic developments.
We then introduce a micro-founded heterogeneous expectation New Keynesian
(HENK) model (see Grimaud et al. [2023]) to rationalize the experimental results
and shed light on expectation dynamics in the different regimes.

'In August 2020, the Fed announced a change to its monetary policy framework and now refers
to an average inflation targeting (AIT) regime without specifying explicitly the number of past lags
relevant for the setting of the interest rate; see Powell et al. [2020]. Since June 2021, the ECB has
been communicating on an inflation objective over a medium term.



Field experiments in macroeconomic settings are impractical and gauging policy-
dependent expectations in survey data is difficult. The laboratory can fill this
data gap and provides a valuable environment to gain insights into the expec-
tation channel under alternative monetary policy frameworks. Focusing on the
expectation channel is particularly relevant in the context of the assessment of
history-dependent rules. There is no historical experience with PLT? and the the-
oretical merits of this regime over IT have been established under the standard
FIRE (fully-information rational expectations) assumption, which presumes that
the private sector understands the underlying implications of history-dependence
and aligns their expectations with the PLT monetary policy rule. However, the
FIRE assumption falls short in the empirical literature [Coibion et al. 2018, D" Acunto
et al. 2022] and models that relax this assumption generally fail to reproduce the
benefits of history-dependent rules [Honkapohja & Mitra 2020]. In this respect,
CB communication — which is fully redundant under the FIRE assumption — may
help nudge the public towards forming policy-consistent expectations and help
the properties of PLT under RE materialize with non-FIRE agents. Communi-
cation may find a particular rationale once one acknowledges that expectations
are also heterogeneous,” and the CB therefore also needs to worry about cross-
sectional dispersion and coordinate individual beliefs on the target. This is pre-

cisely what we test in the experiment.

We utilize a forecasting experiment where inflation and output gap expectations
are elicited from a group of human subjects and represent the only degree of free-
dom in an otherwise standard macroeconomic model. In contrast to the usual
implementation of this class of experiment (reviewed in Section 2 below), our ex-
perimental design allows for peer imitation, which we provide evidence of in our
data. We then introduce a HENK model with social interactions to account for the

subjects’ behavior. This social behavior in expectation formation echoes the recent

2One exception, albeit hardly informative for modern times, is the short Swedish episode be-
tween 1931 and 1933.

3Earlier survey evidence of heterogeneity in macroeconomic expectations can be found in
Branch [2004]; see D’ Acunto et al. [2022] and the references herein for the most recent account



empirical findings among forecasters [Coibion et al. 2021, Carroll & Wang 2023].
Our experimental setting is also the first to contrast the same policy framework
under both deflationary and inflationary environments, in an effort to reproduce
the recent course of inflation. We also elicit long-term forecasts to assess expecta-
tion anchorage beyond the short-run. Furthermore, our behavioral model is de-
signed so that agents can learn to utilize an external signal, i.e. the CB guidance.
Agents can then learn to either remain backward-looking or shift to a forward-
looking behavior within the same model, which is uncommon in other learning
models. Our framework is particularly parsimonious and yet fits remarkably well

the experimental data.

Our main findings are as follows. First, both in the lab and in the HENK model,
the benefits of PLT over an IT regime obtained under the FIRE assumption fails
to materialize. On the contrary, inflation and output under PLT exhibit excess
volatility compared to a standard IT regime, both in an inflationary and in a de-
flationary environment. These wild oscillations result from the commitment to
correcting past price gaps in a learning environment, where expectations become
unanchored and destabilize further output and inflation. However, the picture
is reversed if the CB communicates in each period the time-varying transitory
inflation target that is consistent with closing the price gap. In this case, expecta-
tions are better coordinated around the CB target under PLT than under IT, in the
lab as well as in the HENK model. As a result, both deflationary and inflation-
ary shocks result in smaller inflation gaps and shorter ELB episodes under PLT
than in the two alternatives. In particular, the commitment to correct the devia-
tions of the price level brings inflation toward the transitory target which, in turn,
confirms the relevance of the CB’s guidance to forecast inflation and initiates a
credibility-stability loop among the subjects and the HENK agents. We also find
that long-run expectations remain closer to the target under PLG with guidance
despite the short-run fluctuations in inflation generated by the exogenous shocks
than under IT and PLT without additional communication. Both the experiment

and the HENK model also produce persistent inflation gaps under IT consistent



with the recent inflation course. Furthermore, our study contributes to explaining
the discrepancy in the literature about the properties of PLT because we find em-
pirical arguments that describe both a PLT regime implying less or more volatility

in inflation and output than a traditional IT regime.

The rest of the paper proceeds as follows. Section 2 reviews the related literature.
Section 3 describes the experimental design and data. Section 4 introduces the
behavioral HENK model and sheds light on the experimental data within this
model. Section 5 concludes.

2 Related literature

The theoretical literature on PLT — and history-dependent rules in general — is
somewhat limited and rather discrepant. Among earlier contributions, Woodford
[2000] argued that optimal monetary policy functions must involve some degree
of history-dependence, which is absent from standard forward-looking IT rules;
see also Svensson [1999] and Mitra [2003]. In general, under RE, PLT is known to
be superior to IT from the point of view of inflation and output gap stabilization.
For instance, Cateau et al. [2009] use the TOTEM model* to show that switching
from IT to PLT can deliver welfare gain as long as the CB is committed to sticking
to the new framework. By contrast, once the RE assumption is relaxed and agents
form backward-looking expectations (e.g. under econometric learning), whether
PLT remains superior to IT depends crucially on whether the agents form expec-
tations that are model consistent. If their forecasting models are misspecified, con-
vergence back to the target after large pessimistic shocks becomes less likely under
PLT than under IT [Honkapohja & Mitra 2020]. Misspecification could arise from
two sources that are not accounted for under RE: a lack of understanding or a lack

of credibility of the new policy rule. Bodenstein et al. [2022] find that agents can-

*ToTEM is a standard large-scale open-economy DSGE model of the Canadian economy devel-
oped and used at the Bank of Canada.



not learn the new interest-rate rule if the transition from IT to PLT coincides with
a demand-driven recession where the ELB binds because the two rules become
indistinguishable. In short, model-consistent expectations are a key condition for
PLT to outperform a standard IT regime but whether expectations would fulfill
this property under PLT remains an empirical question.

In this context, forecasting group experiments where expectations are elicited
from human subjects constitute a convenient environment to analyze the expec-
tation channel of various monetary policies and CB communication; see Hommes
[2021] for a survey of this class of experiments. Within the particular question of
the relative merits of history-dependent monetary policy rules, the seminal paper
of Arifovic & Petersen [2017] has the flavor of PLT. They set up such an experi-
ment where the CB communicates a time-varying inflation target in each period.
They find that such targets lose credibility — i.e., expectations of the subjects be-
come disconnected from the value of this target — as soon as exogeneous shocks
push inflation sufficiently down. In other words, they show that agents first ‘need
to see it to believe it.” Relatedly, Cornand & M’baye [2018] find that communi-
cating the value of the inflation target only brings minor additional stabilization
benefits within the context of a standard IT rule. While we also report a credi-
bility loss for such communication at the onset of a recession, our PLT-CB does
eventually regain enough credibility to steer expectations. In this sense, our re-
sults bear less dire implications than the ones of Arifovic & Petersen [2017]. In
Rholes & Petersen [2021], the CB communicates a precise point projection of in-
flation and the authors find that such projection is more effective at coordinating
subjects’ forecasts around the target than projecting an inflation density. Within a
non-linear NK model, Hommes & Makarewicz [2021] find that a PLT-CB with a
sufficiently strong price gap reaction coefficient can induce convergence back to
the target once the ELB binds more often than under IT. Salle [2021] also finds ex-
perimental evidence of PLT outperforming IT in stabilizing inflation but much of
the stability observed under PLT may come from the frictionless model used. In
an experiment horse race between different monetary policy regimes, Kostyshyna



et al. [2022] find that PLT is outperformed by IT in stabilizing business cycles. In
fact, their experimental economy under PLT is drastically dragged into a defla-
tionary spiral after an ELB shock, whereas a similar phenomenon is not observed
under other regime treatments. In an additional treatment, these authors also find
that the publication of CB projections may help stabilize the economy under PLT.

It is crucial to note that all these contributions analyze the consequences of alter-
native monetary frameworks in the context of deflationary pressures. By contrast,
we implement inflationary shocks in our learning economies and provide the first
empirical evidence of the benefits of a history-dependent regime with communi-
cation in such a context. Beyond the lab, we further develop a HENK model that

matches our experimental data.

More broadly, our contribution relates to the studies of forward guidance because
the CB guidance that we implement under PLT may be interpreted as a rule-based
forward guidance about the future course of inflation. In this respect, Del Negro
et al. [2023] point out that forward guidance has been less effective in reality than
the standard DSGEs model would predict (the so-called “forward guidance puz-
zle”). In our model, forward guidance is plagued by (endogenous) credibility
issues and information frictions caused by agents” heterogeneity in expectations

but the puzzle is ameliorated.

Finally, we contribute to the growing literature on heterogeneous-expectation mod-
els.” Earlier contributions incorporate so-called heuristic-switching models into
NK frameworks to model endogenous switches between different predictors (see,
e.g., Branch & McGough [2010], Massaro [2013], Gasteiger [2014]. Busetti et al.
[2017] and Ozden [2021] extend this framework to consider the ELB constraint.
Arifovic et al. [2013] and Arifovic et al. [2018] explore the asymptotic stability of
the targeted steady state and ZLB steady state in an NK model with a learning
mechanism that has the same flavor as the one we use in this paper. Jia & Wu

>Our work also builds on the literature that uses evolutionary algorithms to model heterogene-
ity; see Arifovic [2000] for an early survey and, inter alia, Anufriev & Hommes [2012], Anufriev
et al. [2019] for more recent applications.



[2021] use social learning to model beliefs under an intentionally ambiguous AIT
regime where the number of lags in the policy rule is unknown; see also Hachem
& Wu [2017]. Finally, our treatment of endogenous credibility and communica-
tion is in line with a series of papers that assess convergence to the target un-
der various learning mechanisms and a traditional IT regime, including adaptive
learning [Orphanides & Williams 2004], heuristics-switching model [Hommes &

Lustenhouwer 2019] or social learning [Arifovic et al. 2023].

3 Experimental data

We first present the experimental design and then establish the main stylized facts

from the resulting experimental data.

3.1 The experimental design
3.1.1 The experimental environment

The experiment is a group experiment with a between-subject design. Each exper-
imental session involves a fixed group of six subjects tasked with making point
forecasts of output and inflation gaps in the next period of the experimental econ-
omy. The economy unfolds for 75 periods, split into two separate subsessions, one
of 40 and one of 35 successive periods. In both subsessions, inflation and output
gaps evolve according to a baseline three-equation NK model (see, e.g., Woodford
[2003]). The only difference from the standard textbook implementation is that ex-
pectations are provided by the subjects and need not align with RE or any ad-hoc

learning mechanism commonly used in the theoretical literature.

Precisely, in each period, we aggregate® the inflation and output gap expectations

®The heterogeneous expectation process and the aggregate procedure are fully micro-founded
in Grimaud et al. [2023], where a general solution method for this class of HENK models is also



of the six subjects j = 1, ...,6 denoted by, respectively, 77, , and y$, , using the
arithmetic mean, that we denote by Et(th) and Et(ytﬂ) and insert them into the
standard IS and Phillips curves given by:

Jr = By — 0! <5t — Byt — f) + g1, (1)

T = 5Etﬁt+1 + Kl + Uy, (2)

where g, is the output gap, 7, the inflation gap, that is the difference between
inflation and the CB target 77, g, and 4, exogenous real and cost-push shocks to
be specified below, 3 and o households’ preference parameters, « the slope of the
Phillips curve and i; the nominal interest rate set by the CB either with an IT or
a PLT rule (depending on the experimental treatments, see hereafter in Section
3.1.2). The rate i, is expressed in deviation from its steady-state level 7 = 77 + p.
In all experimental sessions, we use the following parameter values 8 = 0.994,
oc=1,k=0.0625 7" = 5%.

The two subsessions only differ by the nature of the shocks. The first subsession
undergoes real shocks and the second cost-push shocks. In all subsessions, we
impose an initial learning phase for the subjects consisting of small white noise
shocks. A severe and persistent deflationary real shock then disturbs the economy
in period 10 of Subsession 1 and a cost-push shock hits the economy in period 8 of
Subsession 2. The shock sequences are the same for all sessions and are displayed
in Appendix C. In other words, we engineer two recessions in each experiment
session. The recession of Subsession 1 is coupled with low inflation and does not
imply a trade-off for monetary policy in terms of stabilization of inflation versus
output but the severity of the initial shock induces an ELB episode in the model
under RE independently of the monetary policy rule; see Section 3.1.2 and Fig. 1
below. By contrast, the recession in Subsession 2 is associated with inflation pres-

sures which may imply such a trade-off. Our experiment thus allows us to collect

introduced. The HENK model that we utilize in Section 4 to account for the experimental data is
based on this contribution.



empirical data on the properties of IT and PLT in distinct economic environments.
Additionally, to measure long-run inflation expectation anchoring in each of these
environments, at period 26 of each subsession, subjects are tasked to submit a one-
time inflation forecast for the end of the subsession that is, respectively, 15 and 10
periods ahead.

The role of the subjects in the experiment is framed as professional forecasters for
a statistical bureau. The instructions explain the positive and negative signs in the
relationships between the main variables in the economy and provide the value
of the inflation target. All information across treatments is identical except for
the one pertaining to the monetary policy rule and the additional provision of the
inflation guidance under the treatment that involves PLT and communication (we
specify the guidance in Section 3.1.2 below). At the beginning of every period,
subjects observe the current shock, all previously realized endogenous variables,
and the value of the inflation target. All these pieces of information are displayed
in a table and in charts on the graphical user interface (GUI, see App. E.2 for

examples).

Importantly, and in contrast to the existing literature, in our experiment, subjects
observe the most recent forecasts of all other forecasters in their group along with
their payoff. In particular, an explicit ranking from the best to the worst fore-
casters in which each given subject is included (tagged by “YOU’) is updated in
each period on a table on the GUL’ In other words, subjects observe their peers’
forecasting performances and can assess their relative performances. This unique
feature of our experiment allows for the possibility of peer imitation and the in-
formation set in the experiment matches the one of the HENK agents in Section
4.2.

Finally, subjects accumulate points that reward their forecast accuracy throughout

100
1+absolute forecast errors in p.p.

the session. In each period, a forecast brings the points, so

that a perfect forecast brings 100 points. To rule out strategical hedging across the

7In line with standard ethical rules, the identity of each individual subject remained, of course,
anonymous and subjects where labeled by their number in the experiment.

10



inflation and output forecasts, subjects accumulate a separate amount of forecast-
ing points for each variable and only one of the two is randomly drawn at the end
of the experiment to be converted into money at a rate of CAD $0.2 per 100 points.
To reinforce the salience of the occasional long-run inflation forecasting task, the
points corresponding to these two forecasts were converted at a rate of CAD $3
per 100 points.

3.1.2 Experimental treatments and theoretical predictions

We implement three experimental treatments, denoted by IT, PLT, and PLT-G.
Tr. IT differs from Trs. PLT and PLT-G only by the monetary rule that is used
to determine the nominal interest rate in Eq. (1). Under IT, the CB implements a
standard contemporaneous Taylor rule subject to the ELB given by:

IT i = max {0,7 + ¢" 7, + &I70: }, 3)

where the ELB is set to 0% and we use 77 = 5% and ¢7, = 1.5, ¢¥ = 1, which en-
sures determinacy under RE and stability under backward-looking expectations,
see App. A.

In Trs. PLT and PLT-G, the CB uses a PLT monetary policy rule. To do so, let us
P—P

P, ¢
P from the predetermined targeted price path P that grows at a rate 7’ consistent

define the price gap P, =

, which measures the gap between the price level

with the CB inflation target. In the log-linearized model, the price gap evolves as
follows:

Dt = Pr—1 + T 4)

In Trs. PLT and PLT-G, the CB sets the interest rate using the following monetary
policy rule:
PLT i, = max {0, 7+ ¢"pr + ¢"ii } )

where we use ¢ = 1.5, which rules out any variation in the initial policy response

11



to a shock across treatments (holding all else equal). and ensures determinacy
under RE and stability under learning of the targeted steady state; see App. A.

Figure 1 provides the benchmark of the two experimental economies under RE
given our calibration and Appendix B.1 and B.2 provide the detail of the deriva-
tions of the two model economies under RE. It is clear that PLT is superior to IT
for a CB primarily concerned with inflation stabilization. PLT better stabilizes in-
flation and output gaps than IT in the absence of policy trade-off (namely in face
of deflationary pressures, see left panel), even though the ELB binds under both
regimes (bottom left panel). When facing inflationary pressures (right panel), PLT
better limits the rise in inflation but at the price of a deeper recession than under
IT (middle right panel). Comparing inflation and output gap dynamics in Trs. IT
and PLT allow us to assess whether this ranking is robust to laboratory expecta-

tions.

Finally, Tr. PLT-G differs from Tr. PLT only by the provision to the subjects of
an inflation guidance. In Tr. PLT-G, in each period, subjects receive an inflation
guidance that corresponds to the implicit time-varying inflation level that would
close the price gap in any period ¢ (see App. A for the detail of the model). We
denote such guidance by 7¢5. This guidance is model-consistent and carries the
underlying structure of the PLT regime while keeping the frame of the CB com-
munication in terms of inflation rather than price level, which we conjecture to
be an easier-to-grasp and more practical communication regime for the public.
Under RE, CB communication is redundant because agents already form model-
consistent expectations. Hence, under RE, there is no difference between Trs PLT
and PLT-G. Under real-world expectations however, the guidance may help sub-
jects grasp the functioning of PLT and form expectations in line with RE so that
the merits of PLT over IT materialize. In each period, subjects receive the guidance
in a bold and highlighted manner on the GUI. Furthermore, all previous guidance
announcements are displayed on the inflation graph; see, again, App. E.2.

12



Figure 1: Simulations under RE

—_
o

PLT,3 PLT,9

INFLATION (%)
[6) ]

o
o

10 20 30 40 10 20 30

—_

o
—_
o

OUTPUT (%)

L
o

—_
o

— T

PLT

—T

PLT

INTEREST (%)
[6) ]

o

10 20 30 40 10 20 30
Subsession 1 Subsession 2

Notes: the values in the boxes report the total absolute deviation (in p.p.) for IT (blue circles) and
PLT (rec crosses). We use the occbin library in Dynare to account for the occasionally binding
constraint; see [Guerrieri & lacoviello 2015]. The shocks in the simulations are an AR(1) process
with an autoregressive coefficient of 0.8 which fits the series of three negative shocks in the exper-

iment.

3.1.3 Experimental implementation

The experiment sessions were conducted in person at the CRABE laboratory at
Simon Fraser University between August and October 2022. The experimental
software was programmed using oTree [Chen et al. 2016]. We ran six indepen-
dent sessions composed of groups of six subjects for each treatment, for a total
of 108 subjects. The duration of each session was around two-and-a-half hours.

Participants earned an average of 24.8 CA$ (from a minimum of 15 to a maximum

13



of 38 with a standard deviation of 6.75), including a $CA 7 participation fee.

Upon entering the lab, subjects were provided with an instruction booklet.® Sub-
jects were then asked to carefully read the instructions and complete a pre-experiment
quiz in order for the experiment to start. The forecasting game started with Sub-
session 1. All predictions were submitted on the GUI. At the end of the first sub-
session and before starting Subsession 2, subjects were provided with the updated
instruction booklet that highlights the change in the nature of the shock, from real
to cost-push shocks. We introduced information about the shocks in such a se-
quential manner to prime subjects towards the particular economic environment
implemented while avoiding the cognitive overload that could result from pro-
viding simultaneous information about various types of shocks. Finally, at the
end of the second subsession and before leaving the lab, the subjects were asked
to complete an exit survey consisting of demographic questions, central banking

literacy, and the strategy(ies) used in the experiment, if any.

We now describe our experimental results and highlight the main stylized facts
from our data.

3.2 Experimental results

We first describe the macroeconomic dynamics and then dig into the individual
forecast times series to study cross-sectional dispersion and show evidence of peer

imitation.

3.2.1 Macroeconomic dynamics in the experimental economies

We first discuss cross-treatment comparisons after a visual inspection of the data

in Fig. 2-4 and then confirm these qualitative descriptions with statistical tests in

8Standard laboratory procedures apply, e.g. identification, consent acknowledgment, etc. We
provide the instructions booklet in Appendix E.

14



Table 3 hereafter.

Figs. 2-4 report the dynamics of inflation, output gap and interest rate in all exper-
imental economies (dashed blue lines) in, respectively, Trs. IT, PLT, and PLT-G,
along with the median realization over the six sessions in each treatment (red
thick lines). In Tr. PLT-G, we are also interested in whether subjects use the CB
guidance to form their inflation forecasts. Since we may not directly observe this
behavior, we compute a “credibility index” in each period (see, e.g., Cecchetti et al.
[2002]). The index is aggregated over all subjects in each period in a given session
s and corresponds to the distance between a subject’s inflation forecast and the CB

inflation guidance in any given period computed as:
18
CredS =<3 eap(—(ma = ")?), (6)
j=1

where a higher value indicates a higher CB credibility. The bottom panel of Fig. 4
displays the dynamics of this credibility index in Tr. PLT-G.

Table 1 further reports cross-treatment comparisons regarding inflation and out-
put gap stabilization. To do so, we compute the per-period average of the absolute
deviation (AAD) of inflation and output gap from their targets. For a given session
s = 1,..,6 and subsession ss = 1,2 and a given time frame of 7" = 40, 35 periods,
the AAD for each variable reads as:

1
AADT,, = = > | Mesee — 7, 7)
teT
AADY = lzyyssst’ (8)
5,88 T »SS,L 1)
teT

where lower values indicate a better stabilization of inflation and output around
their target. In Table 1, we disentangle pre-shock (top panel) from post-shock
periods, which include the shock periods themselves (bottom panel).

15



Figure 2: Inflation, output and interest rate dynamics in Tr. IT
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Overall, the merits of PLT under RE do not seem to extend to the lab environment:
experimental economies under PLT are more unstable than economies under IT.
However, once augmented with CB guidance in Tr. PLT-G, the stabilization ben-
efits of a PLT regime obtained under RE materialize in the lab and this treatment
appears to deliver the smallest inflation and output gaps, in particular regarding

the inflation gap.

In detail, in the first periods of each subsession — i.e. before the shocks, infla-
tion, and output appear similarly stabilized around the CB'’s target under IT and
PLT with guidance while displaying some wilder oscillations under PLT. This vi-
sual impression is confirmed by the cross-treatment comparisons of the AADs

16



Figure 3: Inflation, output and interest rate dynamics in Tr. PLT
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(top panel of Table 1): Overall, the ADDs of inflation and output are significantly
higher in Tr. PLT than in Trs. IT and PLT-G: the PLT environment without guid-
ance seems to hinder subjects’ learning about the experimental environment. In
the aftermath of the large shocks, in both subsessions, the cross-treatment differ-
ences become more salient: while economies in Trs. IT and PLT-G eventually con-
verge back to the targeted steady-state, economies in Tr. PLT exhibit wilder and
non-dampening oscillations. The bottom panel of Table 1 reports that the AADs
of both inflation and output are considerably and significantly higher under PLT
than under IT or PLT with guidance. The standard deviations of the AADs under
PLT are also strikingly larger than in the two other treatments, which indicates

more variation across independent sessions.
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Figure 4: Inflation, output and interest rate dynamics in Tr. PLT-G
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Even if inflation returns towards the target in both Trs. IT and PLT-G, the in-
flation gap under IT exhibits more persistence in the aftermath of the recessions.

Inflation remains persistently below target in the deflationary-shock subsession
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(left panel) and persistently above target in the cost-push-shock subsession (right
panel). These observations are consistent with the persistently low inflation expe-
rience post-Great Recession and the persistently high inflation in the post-COVID-
19 pandemic. These circumstances may result in an unanchoring of long-run in-

flation expectation, which is confirmed in Section 3.2.2 hereafter.

By contrast, in Tr. PLT-G, inflation returns back on target in a quicker time frame
as it veers around the CB'’s target with negligible fluctuations as shown in Fig. 4.
This inflation stabilization in Tr. PLT-G is observed under both types of shocks
but is most salient after the deflationary shock. In particular, in the wake of the
deflationary recession, the ELB binds for a median time of only four periods under
Tr.PLT-G, which is still more than under RE (see again Fig. 1) but considerably
less than the six-or-seven-period-long ELB episodes under IT. We may also look
at the credibility index in Tr. PLT-G (bottom panel of Fig. 4): while credibility
substantially drops at the onset of the recessions, it increases back toward one
(full credibility) along the recoveries. Finally, in line with the RE prediction, a
better inflation stabilization in Tr. PLT-G than in Tr. IT comes at the cost of a
wider output gap, in particular after a cost-push shock. This is confirmed in the
bottom panel of Table 1: inflation and output are significantly better stabilized in
Tr. PLT-G than in Trs. IT but the output gap in Subsession 2 is significantly wider
in Tr. PLT-G than under Tr. IT.

We now turn to the analysis of individual forecasts.

3.2.2 Heterogeneity in individual forecasts

Fig. 5 reports the median short-run forecast dispersion across all six sessions of
each treatment measured by the standard deviation across the six subjects’ fore-
casts in each period. Table 2 (top panel) complements the graphical analysis with

the corresponding cross-treatment comparative statistics.

Forecast dispersion varies both within treatments, i.e. is time-varying, and be-
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Table 1: Cross-treatment comparative statistics of the experiment data

Numerical values Associated p-values
IT PLT PLT-G ITosPLT ITousPLT-G PLTOUsPLT-G
Top panel: Pre-shock AAD (p.p.)
Sub1 062 090 0.38 0.18 0.18 0.02
- (0.30) (0.31) (0.18)
Sub2 078 1.35 0.23 0.31 0.06 0.01
(0.52) (0.90) (0.21)
Sub1 040 341 1.90 0.00 0.02 0.18
0.27) (191) (1.52)
Y Sub2 037 322 0.65 0.00 1.00 0.01

(0.23) (1.58)  (0.89)
Bottom panel: Post-shock AAD (p.p.)

Sub1 177 654  0.56 0.39 0.00 0.00
_ 0.72) (9.77)  (0.31)

Sub2 227 951  0.92 0.04 0.06 0.00
(1.49) (8.82) (0.37)

Sub1 1.64 13.86 220 0.00 0.18 0.00
(0.57) (16.03) (0.95)

Y Sub2 110 1954 281 0.00 0.01 0.00

(0.73) (14.91) (0.94)

Note: The average of the absolute deviation (AAD) of inflation 7 and output y from their target
displayed in the first three columns are computed as per, respectively, Eq. (7) and (8), and are
averaged across sessions within a treatment. Standard deviations are reported between brackets.
The p-values displayed in the last three columns correspond to the non-parametric Wilcoxon rank-
sum test for comparison between each pair of treatments.

tween treatments. From Fig. 5, we see that the pre-recession dispersion in fore-
casts drops to near zero for all sessions under Trs. IT and PLT-G, which suggests
that subjects learn to coordinate on the target in the absence of large shocks in
these two treatments. Disagreement in Tr. PLT also decreases but does not drop
towards zero before the shocks and towards the end of the subsessions as in the
other two treatments. This observation shows that more heterogeneity persists
in the short-run forecasts of both inflation and output gap even in the absence of
large disturbances in the PLT treatment. Interestingly, at the beginning of Subses-
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Figure 5: Between-subject disagreement in short-run forecasts
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Note: Median over time (x-axis) across all sessions in each treatment in p.p. (y-axis).

sion 2, inflation forecasts are particularly homogeneous in PLT-G, which reflects
the credibility of the guidance and the resulting coordination on the steady-state
inherited from the first subsession.

Post-shock, the forecast dispersion rises in all treatments. In Trs. IT and PLT-G,
in line with the better stabilization of the endogenous variables with respect to
Tr. PLT discussed in earlier section 3.2.1, forecast dispersion tends to revert back
towards its pre-shock level, while it is not the case in Tr. PLT. Also in line with
the more volatile output gap in Tr. PLT-G than in Tr. IT after the inflation shock
in Subsession 2, output gap forecast dispersion is temporarily larger in Tr. PLT-G
than in Tr. IT. This observation is confirmed by the statistical tests in the top
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Table 2: Cross-treatment comparative statistics of the experiment data

Numerical values Associated p-values
IT PLT PLT-G ITouosPLT ITousPLT-G PLToUsPLT-G
Top panel: Short-run forecasts disagreement (p.p.)
Sub1l 068 151 0.63 0.06 0.82 0.06
(0.26) (0.69) (0.41)
T Sub2 076 1.72 0.47 0.04 0.59 0.02
(0.68) (0.99) (0.25)
Sub1 082 294 1.39 0.03 0.18 0.09
(0.34) (1.64) (0.75)
Y Sub2 057 282 1.03 0.01 0.09 0.03

(0.39) (219) (0.33)
Bottom panel: Long-run inflation forecasts (p.p.)

Sub1 433* 383  5.12 0.10 0.00 0.67
(1.64) (9.25) (0.47)
T Sub2 586" 329  5.17 0.23 0.20 0.04

(2.06) (11.91) (0.63)

Note: Forecast disagreement (first three columns) is computed as the standard deviation across the
six forecasts in each period and is averaged over six sessions in a treatment. Standard deviations
are reported between brackets. The p-values displayed in the last three columns correspond to
the non-parametric Wilcoxon rank-sum test for comparison between each pair of treatments. The
superscripts of the long-run inflation forecast values correspond to the t-test of differences with
respect to the 5% target at 1% (***), 5% (**) and 10% (*) significance level.

panel of Table 2: disagreement between subjects is significantly lower in Trs. IT
and PLT-G than in Tr. PLT, both concerning inflation and output gap and in both
shock environments.

The bottom panel of Table 2 reports on the long-run inflation forecasts (for the
final period of each subsession). Fig. 6 plots the cross-treatment distributions of
these expectations. Tr. PLT-G delivers the best anchoring of the long-run inflation
forecasts, which is also evident from Fig. 6: they are not significantly different
from the inflation target and the variance among subjects is relatively small com-
pared to the one observed in the other treatments, which is indicative of a lower
disagreement about long-run inflation in Tr. PLT-G. By contrast, in Tr. IT, long-
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Figure 6: Long-run inflation forecasts of all subjects in all sessions by treatment

& 207 ¥ 30 ' +

ﬂ +

0 107 + - 1 207

s T A s - + +

w T + 10+ - .

T o | 2 B3 A2

L. ot 1

Cz> 10} -+ ]

= 10t

= F

< 201 1 T

o 20f +

=

o 30+ + - 30t +

_l 1 1 1 1 1 1
IT PLT PLT-G IT PLT PLT-G
Subsession 1 Subsession 2

Note: the distributions of the long-run inflation forecasts are represented by “boxplots” where the
red crosses denote outliers and the numerical values displayed are the mean per treatment.

run expectations are significantly below target in the deflationary environment
(Subsession 1) and significantly above target in the inflationary environment (Sub-
session 2). In Tr. PLT, while the long-run forecasts are not significantly different
from the target, their variance is highest and fairly large, which indicates a large

dispersion in long-run inflation expectations.

To conclude, we highlight the two main experimental results:

Result 1 (1T>PLT) Contrary to the RE predictions, inflation and output gaps are better
stabilized around their target under IT than under PLT, no matter the type of shocks.
Short-run expectations are also more homogeneous and long-run expectations are better
anchored at the target under IT than PLT.

Result 2 (PLT-G>IT) Once the CB communicates in each period the inflation rate that

is consistent with closing the price gap, the superior stabilization properties of PLT under
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RE materialize in the lab: shocks have less persistent effects, the ELB binds for fewer
periods, and expectations are better coordinated and anchored at the target than under IT.

Before turning to the behavioral model of heterogeneous expectations that we in-
troduce to account for these results, we further dig into individual forecast time
series. Doing so allows us to identify which pieces of information subjects use to
form their forecasts and find evidence of peer imitation, which is useful to moti-

vate the use of this class of models and specify its assumptions.

3.2.3 Expectation formation and evidence of peer imitation

To give a first impression of the subjects” behavior, we use panel models at the
subject-period level to identify which pieces of the available information signifi-
cantly relate to their inflation and output forecasts in each treatment. The details
of the models are deferred to Table 4 Appendix D. The main takeaway is that sub-
jects” forecasts react to the most recent inflation and output gap values, the shocks,
and the best inflation forecasts in their group, and, additionally in Tr. PLT-G, the
CB guidance, but never relate to the past price gap, even under PLT. This indi-
cates that model-consistent expectations are not realized in the history-dependent
regime but subjects may imitate their peers and rely on the recent past and the
current shocks in all treatments, while also considering the CB guidance in Tr.
PLT-G.’

To refine our description of the forecasts formation and find further evidence of
peer imitation in the lab, we estimate heuristics on each subject’s forecast time

series. We modify the set of first-order heuristics that usually approximate well

The fit is substantially poorer in Tr. PLT (Cols. IIl and IV) than in Tr. IT (Cols. I and II) and
Tr. PLT-G (Cols V and VI), which reflects the greater confusion and the poorer forecasting perfor-
mances of the subjects in the context of greater macroeconomic volatility in Tr. PLT than in the two
other treatments. To see that, Table 5 in Appendix D reports the cross-treatment comparisons of
the payoff over the entire experimental sessions: subjects’ payoff are about one-third to one-half
smaller in Tr. PLT than in the two other treatments.
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the subjects’ forecasting behaviors in this class of experiments ¥ to include the
forecasts of the most accurate forecaster of the group in any given period. We
denote this additional piece of information by 7% ,. For each subject, we estimate

each forecasting model from the following set:

Tim = f(Thr) + €, )

Tin = f(Thpe ) + €, (10)

Ty = [(m1, me—2) + €, (11)

T = f(Meo1, T2, Tpy) + €, (12)

Tipr = f(Tem1, Moo, Mgy, 7, Fy) + €, (13)
Ti = (), mem1) + &, (14)

T = f(F) + e, (15)

Ty = f(me1, ma, Fy) + 6, (16)

where f(-) is a linear function in its arguments. Models (9), (10) , (12) and (13)
make use of the best forecasts and correspond to “imitation models.” Model (9) is
a “copy-cat” strategy that consists in adopting the best forecast. Model (10) also
relies on the individual previous forecasts and may therefore be defined as an
“adaptive imitator.” Model (12) corresponds to an “anchoring-and-adjustment”
rule where the anchor is the best forecast and the adjustments take place in the
direction of the most recent inflation trend. Model (13) is a mixed model where
all these pieces of information are used to make predictions. Models (11), (14)
(15) and (16) deliver, respectively, trend-following expectations, adaptive expecta-
tions (including the limiting case of naive expectations), ‘fundamentalist” expec-
tations (i.e. anchored at the target in this model) and a mixture of these models,
which are the four benchmark in the related literature. We include these standard

10Gee, inter alia, Anufriev & Hommes [2012], Assenza et al. [2021], Mokhtarzadeh & Petersen
[2021]. To the best of our knowledge, in neither of the existing learning-to-forecast experiments
do subjects observe the forecasts of others or their performances. Therefore, forecasting heuristics
involving up to a couple of lags, such as Egs. (11), (14), (15) or (16) are used to describe the subjects’
forecasts.
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Figure 7: Proportions of imitation, mixed and non-imitation heuristics among all

subjects
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‘non-imitation” models to allow for the possibility that subjects ignore the other

forecasts in their group and, therefore, do not significantly imitate.

We use the Akaike Information Criterion (AIC) to classify each subject across one
of these forecasting heuristics. The results from this exercise are presented in Fig.
7 where we show the fraction of ‘imitators’ (defined as subjects assigned to Mod-
els (9), (10) or (12)), ‘mixed imitators’ (assigned to Model (13)) and non-imitators

(assigned to any other models) over all sessions, per treatment and per subsession.

Overall, we find evidence of peer imitation. A considerable share of subjects uses
the best forecasts of their group to form their own forecasts in all treatments and
subsessions. A significantly higher fraction of subjects relies, at least partly, on
the best forecasts of their group in Tr. PLT-G than in the other treatments (the
p-value of the Chi-squared proportion test is 0.03 with respect to Tr. PLT and 0.05
with respect to Tr. IT). This observation is consistent with the guidance of the
CB acting as a self-fulfilling focal point so that forecasts are more homogeneous
in Tr. PLT-G than in the other treatments. Fig. 8 further plots the distributions
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Figure 8: Estimated coefficients of the imitation and mixed models (models 9, 10,
12, and 13) in all sessions
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of the estimated coefficients of the imitation models. The coefficient values are
consistent with the interpretation of each rule. In the “copycat” model (9), the
estimated coefficients associated with the best forecasts are distributed around 1
(see the top-left panel of Fig. 8). In the “anchoring-and-adjustment” rule (12), the
coefficients associated with the past two inflation lags are of the same magnitude
on the unit interval but of opposite signs, which is consistent with an adjustment
in line with the latest inflation trend (see top-right panel). As for the “adaptive
imitator” model (10), the weights on the best forecasts and on the last inflation
rate also falls on the unit interval, with a higher weight on the best forecasts, in
line with a weighted average between the two variables (see bottom-left panel).
The estimated coefficients associated with these pieces of information remain of
the same order of magnitude in the mixed model (see bottom-right panel).
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We now introduce a HENK model with peer imitation through social interactions
and show how the resulting behavioral model may account for the main results

of the experiment.

4 A behavioral model of the experiment

4.1 A HENK model with peer imitation

The behavioral model builds on the seminal contribution of Arifovic [1996] and
relies on the micro-foundations and the general solution method for this class of
models derived in Arifovic et al. [2023, Appendix A] and Grimaud et al. [2023], to
which we refer for a comprehensive presentation.

4.1.1 Main ingredients of the model

The economy is populated by an infinitely-lived household composed of a finite
number N of members indexed by j = 1, ..., N. Each member decides about their
consumption, savings and labor plans to maximize their expected discounted util-
ity flow with non-separable preferences under their intertemporal budget con-
straint, which is binding in each period. The production side of the economy
is composed of an intermediary-good sector and retailers. Each member of the
family operates a firm that produces an intermediate good under monopolistic

competition, constant return to scale and price rigidity a Iz Rotemberg.!" Retailers

"These assumptions are not restrictive, nor are they necessary but they simplify the aggre-
gation of heterogeneous behaviors. We refer to Grimaud et al. [2023] for a detailed discussion.
For instance, if we consider decreasing returns to scale in the production function, the wages of
households may differ because their labor supply may differ as a result of distinct expectations
but a mechanism such as a labor packer could equalize labor quantities. To map these homoge-
neous labor supplies with possibly heterogeneous labor demands, household members are further
assumed to evenly split their working hours across all intermediate-sector firms at no cost. Sim-
ilarly, an intra-household insurance can equalize post-consumption individual wealth patterns;
see, e.g., Andrade et al. [2019]. Arifovic et al. [2023, Appendix A.1.7] derive the restrictions on the
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aggregate and price the non-perfectly substitutable intermediary goods. Mone-
tary policy is set either under a traditional IT Taylor rule or a PLT rule, depending
on the experimental treatment that we aim to match, while fiscal policy is passive.

Household members” plans are conditional upon each member’s inflation and
output gap expectations which are heterogeneous. We follow the strand of the
adaptive learning literature that studies so-called “steady-state learning”.'* The

general formulation of SL expectations in the non-linear model then evolves as:
B (Xeq) = BYY (Xoa 1€5,) = Xexp(€],), with X =11, (17)

where E;F(X; 1) is the one-step-ahead expectation under SL of agent j of variable
X conditional on their information set available in period ¢; this information set
includes all past realizations of the endogenous variables X up until period ¢ — 1
(where Il is gross inflation and Y denotes output) as well as exp(¢7,), which is a
stochastic process of unconditional mean 1 that represents the private information
of agent j about the future realization of X. X refers to the steady state value of
variable X in the non-stochastic model. The private information of each agent j is
subject to idiosyncratic “news” shocks and affected by the interactions under SL
(see Section 4.1.2).

Log-linearizing the SL expectations (17) around the targeted steady state results
in:
ESL(xj7t+1) =& withx =7, y, (18)

where m and y are now expressed in gaps, i.e. in deviations from their steady-

utility parameters that ensure the correspondence between the model under Rotemberg pricing
and the reduced form utilized in the experiment and in the textbook three-equation NK model
with separable preferences and Calvo pricing.

2This assumption is common in non-linear models; see, inter alia, Evans et al. [2008, 2022]. Our
HENK model is non-linear not only due to the ELB but most importantly, because of the social
dynamics in expectations. In a history-dependent regime, steady-state learning implies restricted
perceptions because the perceived law of motion of the agents does not include the lagged vari-
ables and is therefore under-parametrized; see, e.g., Branch [2006]. Within the context of our
model, subjects did not utilize all the information relevant to form model-consistent expectations
as discussed in Section 3.2.3 and, hence, this specification is well-suited.
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state values. In the model, each agent j is then uniquely defined by a pair of
(€74, €;+) which stands for their idiosyncratic information about, respectively fu-
ture inflation and output gaps. Steady-state learning allows us to interpret these
expectations as beliefs about the long-run or steady-state values of these variables,

which conveniently conveys the concept of the (un)-anchoring of expectations.

4.1.2 Evolution of beliefs under SL

Expectation formation under SL involves two steps. First, agents receive a pri-
vate signal, or news, about the variables that they need to forecast. Second, they
interact with each other, exchange their idiosyncratic information and form their
expectations using the information that has proven most relevant to forecast the

endogenous variables in the recent past.'®

Formally, at the beginning of each period ¢, each agent j first receives a news about
each endogenous variable = = {y, 7}, denoted by .7, and updates their belief {7, ,
as follows:

mf,t = gf,t—l + L;'C,tv (19)

where mj, refers to their “mutated” or updated forecast. The news /%, z = m,y
are random draws with unconditional mean zero. The exact distributions of the
news are the only processes that need to be specified to close the model — be-
sides the exogenous disturbances g and u — which keeps the behavioral model
parsimonious. In what follows, we use ¢§, ~ N(6%(g¢,u;),07), i.e. the news are
idiosyncratic Gaussian random draws, where the ‘average news’ depends on the
latest observable shocks ¢, and u; and, hence, the private signals convey funda-
mental information about the endogenous variables." As usual in the learning

3The SL algorithm is inspired by the use of genetic algorithms to solve global optimization
problems, where two operators are mobilized: i) a ‘mutation” operator, that is the exploration
mechanism of the state space, and ii) an ‘imitation” operator, that is an exploitation mechanism of
the information collected during the exploration phase which selects the values that optimize the
objective function.

14Note that this assumption does not conflict with Eq. (17) because the shocks have an uncondi-
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literature, agents do not know the true parameter values of the model but in the
same way as the lab subjects are informed about these qualitative effects in the in-
structions of the experimental game, they have a qualitative understanding of the
effects of the shocks on the economy. In this respect, we impose %, &, % >0
and % < 0, so that the negative real shock g in Subsession 1 tends to bring, on
average, lower inflation and output gap outlooks and a positive cost-push shock
in Subsession 2 tends to bring inflationary and recessionary prospects. Further-
more, a higher noise o2 translates into more heterogeneity, that is more dispersion,

among agents’ news.

After receiving their news, agents assess the relative value of their private in-
formation through social interactions and imitate their peer who have the most
relevant news, in the spirit of the “survival-of-the-fittest”-metaphor underlying
evolutionary algorithms used for optimization purposes. In line with the payoff
in the experiment that is based on forecast errors, the relevance of any individual
forecast is assessed using the ‘Foregone’ forecast error, denoted by £y, that is the
error that would have resulted would the updated forecast m7, have been used in
the last period, namely: i/, = (Z;_1 — mj,)*, for z = 7,y (lower values denote a

more relevant news).

Social interactions are modeled via a behavioral model of peer imitation called
‘tournament.” In each period, each agent is randomly paired with another agent,'
against who they compare the relative relevance of their news. The agent with
the highest foregone forecast errors discards their news and instead adopts the
forecast of the other agent in the pair. There may be two distinct tournaments

for inflation and output gaps. Formally, in each period, for each pair of agents

tional 0 mean.

Without loss of generality, the number of agents is chosen to be even. Pairing is performed
through random draws with equal probability and without replacement. It is also possible to
model the diffusion of news in a population using probabilistic choice models, see e.g. Brock &
Hommes [1997], Anufriev & Hommes [2012]. Our results are robust to this alternative.
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k # 1 € J, their resulting beliefs are given by:

(&1 €)= Lrp >rp, (M miy) + Lrg, <rp (i, migy), @ = m,y. (20)

Egs. (19) and (20) determine the distribution of heterogeneous expectations {{7,, {7, }
in Eq. (18). The rest of the model is given by the same set of equations as in the
experiment, namely Egs. (1), (2) and (3) in Tr. IT or (1), (2), (4) and (5) in Tr.
PLT. Hence, the only difference between the experimental environment of Section

3 and the behavioral model is the origin of the expectations: while these expec-
tations are elicited from human subjects in the experiment, they are produced by
agents under SL in the HENK model.

Before turning to the comparison between the SL simulation results and the ex-
perimental results, the CB guidance needs to be integrated into the SL algorithm
to account for Tr. PLT-G.

4.1.3 CB guidance in the SL beliefs

In Tr. PLT-G, the CB provides the time-varying inflation targets 7°'% consistent
with the closure of the price gap. Therefore, we need to modify how inflation
expectations are formed by the SL agents to account for this public signal. We
add a third component to the individual pair of beliefs that corresponds to the
probability for a given agent j of using the public signal rather than their private
signal as their inflation forecast. We denote this probability by ¢;; € [0, 1] (for
“credibility” of the CB guidance, where credibility is defined as the probability of
anchoring one’s inflation forecast to the announcement of the CB).'® The complete
set of beliefs for each agent in each period ¢ becomes {¢?,, (€7, ¢; ) }. Probabilities
c;+ also evolve as a result of news and peer imitation during social interactions so
that agents learn to follow (when ¢;, increases) or ignore (when c;, decreases) the

CB guidance. In particular, if the guidance grows disconnected from the recent

16The credibility ¢ of the CB in the economy may be measured by the average of the individual
probabilities: ¢, = & 7 ¢;.:.
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inflation developments, agents tend to discard it and follow their private news
instead (and the other way around if the guidance turns relevant to the recent
inflation data).

Formally, in the model under Tr. PLT-G, only two modifications to the framework
developed in Section 4.1.2 are necessary to account for the CB guidance. First, the
updated inflation forecast of agent j is given by:

m;‘r,t = Cj,tﬂ'tCB + (1 —cje) f;rt (21)

while the output gap forecast is formed as described in Section 4.1.2.

Second, the relevance of any updated information pertaining to inflation (m7,, ¢;;)
becomes a weighted average of the foregone forecast errors that would have re-
CB

sulted from using the private signal m[, or the CB guidance 7", ie. FJ, =

Cit (ﬁt—l - 7TtCB)2 + (1 —¢ju) (ﬁtfl - m;T,t)Q'

In the next section, we compare the model outcomes in the three treatments to the

experimental results.

4.2 Model outcomes
4.2.1 Cross-treatment comparisons

Figs. 9, 10 and 11 plot the model counterparts of Figs. 2, 3 and 4 in respectively,
Trs. IT, PLT and PLT-G. At first glance, it is striking to see that the behavioral
model can account for the main stylized facts of the experiment, namely the fol-
lowing five observations.

First, inflation and output exhibit wilder and non-dampening oscillations in Tr.
PLT compared to the stabilization observed towards the end of the subsessions
in Trs. IT and PLT-G. Second, the inflation gap in the aftermath of the shocks is

more persistent under IT than under PLT-G, where inflation quickly settles back
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on target along mild and symmetric oscillations around the target. By contrast,
under IT, the inflation gap remains negative in the first subsession and positive
in the second one, in line with the experimental and empirical evidence. Third,
this persistent inflation gap translates into a fairly long episode of low nominal
interest rates in Subsession 1 under IT, which echoes the ‘low-for-long’ narrative
before 2022. By contrast, under PLT with guidance, the nominal rate converges
back to its steady state level after a few periods. Fourth, the model accounts well
for the larger recession resulting from the cost-push shock in Subsession 2 under
PLT with guidance than under IT. Fifth, under Tr. PLT-G, SL agents learn to follow
the guidance in the first periods of the model (to see that, look at the bottom
panel of Fig. 11 where the average strategy c across agents is reported). While
CB credibility suffers a temporary deep at the onset of the recessions, it recovers
towards a strong level (close to one) by the end of the subsessions.

These cross-treatment differences are confirmed by statistical tests in Table 3.7 At
least qualitatively, Table 3 replicates its counterpart Table 1. Let us first focus on
the top and the middle panels. Before the shocks (see top panel), Trs. IT and
PLT-G exhibit similar AAD-levels but the picture changes after the shocks (mid-
dle panel). PLT-G has the lowest inflation AAD and IT has the lowest output
AAD, implying a quicker closure of the inflation gap under PLT with guidance,
but at a higher stabilization cost in terms of output than under IT. Without guid-
ance, PLT exhibits the largest AADs. The differences for inflation are not as strik-
ing as for output because the large oscillations in Tr. PLT in the experiment takes
more time to materialize in the simulations than in the experiment. When extrap-
olating the model for a few more periods, it becomes clear that the oscillations
grow wilder, in line with the dynamics observed in Tr. PLT in the experiment (see
Fig. 13 in appendix D).

Finally, the HENK model is able to capture a sixth stylized fact of the experiment

70f course, with many more independent observations in the model than in the experiment,
we obtained much smaller p-values and more statistically significant treatment differences than in
Table 1 pertaining to the experimental data.
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Figure 9: Inflation, output and interest rate dynamics in IT treatment in NK-SL
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Notes: 1,000 Monte Carlo simulations of the HENK model, 05 =0.1,02 =0.02, 0% = 0.15.

pertaining to the cross-treatment dispersion in individual forecasts. Comparing
the bottom panel of Table 3 with its experimental counterpart Table 2, one can see
that the best coordination among inflation forecasts (i.e. the lowest cross-sectional
dispersion) is obtained in Tr. PLT-G, which reflects the coordination of expecta-
tions on the CB’s guidance in this treatment. Furthermore, the best coordination
among output gap forecasts is observed under IT, due to the stronger fluctuations
in output under a PLT rule than under a standard IT rule, in particular in face
of cost-push shocks (in Subsession 2). For both inflation and output, individual
forecasts are the most heterogeneous under Tr. PLT, in the experiment as well as

in the model.
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Figure 10: Inflation, output and interest rate dynamics in PLT treatment in NK-SL
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Given that our behavioral model explains well the key empirical findings obtained
in the lab, we now discuss further the behavioral reasoning behind the observed

dynamics.

4.2.2 Discussion

Unraveling the expectation dynamics under SL may help shed light on the mech-
anisms at play in the experiment. In particular, persistence is a common feature
of this learning mechanism [Bullard 2023]. Under IT, the persistent inflation gap
stems from long-lasting pessimistic deflationary (in Subsession 1) and inflationary
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Figure 11: Inflation, output and interest rate dynamics in PLT-G treatment in NK-
SL
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(in Subsession 2) outlooks: at the onset of the recession, SL agents adopt off-target
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forecasts which, in combination with the severity and persistence of the recession-
ary shocks, quickly become contagious because inflation expectations are almost
self-fulfilling per the NKPC Eq. (2). Hence, agents learn to live in a low (or high)
inflation environment. This mechanism generates lasting coordination on pes-

simistic expectations, both in the experiment and in the model.

With stable yet off-target inflation forecasts, inflation can be alternatively brought
back on target by pressure from aggregate demand. Due to the nominal rigidi-
ties of the NK economy (i.e. a small slope « in Eq. (2)), it requires a sufficiently
large change in output to turn around inflation. Yet, this takes time to unfold be-
cause the IT-CB starts adjusting the interest rate to movements in output, which
slows down the lifting of inflation. Post-recession, the economy enters a “new
normal”, where both inflation and interest rate settle on an off-target path. Conse-
quently, both SL agents and the participants in the experiment will not coordinate
on a different inflation expectation path unless actual inflation leads the way. Put
differently, the lack of history-dependence in the monetary policy rule limits the
adjustment of aggregate demand that would be necessary to move inflation and,
consequently, expectations toward the target.
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Table 3: Cross-treatment comparative statistics of the simulation data

Numerical values Associated p-values
IT PLT PLT-G ITosPLT ITvsPLT-G PLToUsPLT-G
Top panel: Pre-shock AAD (p.p.)
Sub1 038 027 0.11 0.00 0.00 0.00
- (0.23) (0.14) (0.05)
Sub2 039 033 0.1 0.06 0.00 0.00
(0.21) (0.15) (0.01)
Sub1 075 166 078 0.00 0.47 0.00
(0.34) (0.90) (0.35)
Y Sub2 064 120 053 0.00 0.01 0.00

(0.31) (0.62) (0.25)
Middle panel: Post-shock AAD (p.p.)

Sub1l 229 244 023 0.32 0.00 0.00
_ (1.23) (1.34) (0.05)

Sub2 150 153 031 0.79 0.00 0.00
(0.63) (0.47) (0.02)

Sub1l 285 1071 1.65 0.00 0.00 0.00
(2.48) (3.00) (0.38)

Y Sub2 123 793 1.93 0.00 0.00 0.00

(0.32) (1.90) (0.22)
Bottom panel: Short-run forecasts disagreement (p.p.)

Sub1 164 165 074 0.01 0.00 0.00
_ (0.04) (0.05) (0.06)

Sub2 1.63 164 073 0.01 0.00 0.00
(0.04) (0.05) (0.06)

Sub1 817 832 823 0.00 0.10 0.01
(0.24) (0.25) (0.24)

Y Sub2 812 827 8.18 0.00 0.07 0.01

(0.23) (0.24) (0.23)

Note: The average absolute deviation (AAD) of inflation 7 (first two rows of the top and middle
panels, see Eq. (7)) and output y (second two rows of the top and middle panels, see Eq. (8))
and the forecast disagreement (bottom panel), computed as the standard deviation across all SL
agents’ forecasts in each period, are displayed in the first three columns and are averaged across all
simulations of each treatment. Standard deviations are reported between brackets. The p-values
displayed in the last three columns correspond to the non-parametric Wilcoxon rank-sum test for
comparison between each pair of treatments.
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By contrast, the PLT-CB reacts in a more accommodating (in Subsession 1) or re-
strictive (in Subsession 2) way to the shocks than under IT to close the price gap.
This stronger reaction pressurizes prices and output up (or down) to escape the
persistent off-target region. This reaction prompts agents to quickly discard off-
target inflation forecasts and edge closer to the inflation guidance of the CB. This
more aggressive interest-rate response is what causes the deeper recession in Sub-
session 2 in Tr. PLT-G than in Tr. IT. Per the self-fulfilling property of inflation
in Eq. (2), the CB announcement becomes self-validating and inflation expecta-
tions turn consistent with the monetary policy rule and its objective of price-gap
closure. Moreover, if credibility is sufficiently high at the onset of the shocks, it
tends to carry on because of the self-fulfilling property of inflation expectations
and the contagion under social interactions. As a result, a credible guidance lim-
its the movements in inflation expectations caused by the shocks because part of
the agents form model-consistent expectations. This process ensures a reinforcing

loop between credibility and macroeconomic stability.

Without this loop, namely under Tr. PLT, expectations (Whether under SL or in
the lab) follow the recent inflation developments instead of reacting to the past
price gap that is a key component of model-consistent expectations under a PLT
rule. As a result, inflation plunges deeper following the deflationary shock in
Subsession 1 and increases higher following the cost-push shocks in Subsession 2
than under PLT-G. These larger deviations accumulate in the price gap so that it
remains well below or above zero even when output has recovered and the PLT-
CB reacts by extending its recession responses rather than normalizing its policy
rate, as does the IT-CB. Hence, in Subsession 1, the ELB episode is longer than
in the other treatments, in an attempt to boost inflation to close the price gap but
at the price of a large overheating of the economy. As a result, higher inflation
and output forecasts become more relevant under SL and further feed the boom
up until the point that this upward course of both inflation and output becomes
problematically enduring (especially for output). The PLT-CB then reacts by lift-
ing the interest rate to fight off the positive output gaps (but with a long delay
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because of the time required to close the persistent negative price gap inherited
from the shock). By the time the PLT-CB finally abandons the ELB policy in Sub-
session 1 (or the high-rate policy in Subsession 2), the output gap is particularly
large (positive in Subsession 1 and negative in Subsession 2), which necessitates a
particularly brutal adjustment of the interest rate. These brutal adjustments, am-
plified by the reaction of unanchored and contagious expectations, generate the

large unsettling oscillations observed in both the experiment and the model.

5 Conclusion

The contributions of this paper are twofold. First, we empirically find supporting
evidence for the merits of the history-dependent PLT policy — a monetary frame-
work that has lacked empirical evidence so far —in stabilizing inflation and output
gaps in face of both real and cost-push shocks. We do so by utilizing a forecast-
ing laboratory experiment where we vary the monetary policy rule in a between-
subject design and expectations are elicited from human subjects. Second, we
provide a micro-founded HENK model based on the diffusion of private news in
the market through peer imitation. This parsimonious and intuitive model can
account remarkably well for the observed cross-treatment differences in the lab
and offer a behavioral description of these differences.

Our findings are important to CB affairs for at least two reasons. First, our find-
ings stress the importance of a carefully designed CB communication strategy in
case of the adoption of a history-dependent policy rule. By carefully designed CB
communication, we mean communication that is framed in terms of inflation and
conveys the relationship between the future inflation gap and the past price gap.
This relationship is key for the theoretical benefits of history-dependent regimes to
materialize under real-world expectations but unfortunately, it seems particularly
hard to grasp by human subjects. In this context, CB communication, while redun-
dant under RE, can convey this relationship to them, at least when it is framed in

41



terms of inflation forecasts. Our finding furthermore suggests that this strategy is
robust to the type of shocks. A history-dependent regime with a sufficiently cred-
ible communication can lead agents to form model-consistent expectations and,
by doing so, steer inflation expectations to the target, under both deflationary or
inflationary pressures. Second, and more broadly, we have presented the added
value of a method, based on the combination of lab evidence with a HENK model
to analyze monetary policy rules. This framework is an interesting complement
to the CB’s policy analysis toolkit because it may easily be deployed to evaluate
alternative communication contents and policy rules.
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A Theoretical predictions and guidance specification

The IT equations (1), (2), (3) can be reduced to a two-variable matrix form:
z: = A+ BEz; 1 + e, (22)
and the PLT equations (1), (2), (4) (5) to a three-variable matrix form:
z: = A+BEz, .+ Cz_1 + xe, (23)

where z = (9,7)', z = (9, 7,p) and € = (g,u)’. A, B, C, and x are matrices of
parameters that depend on whether the ZLB is binding or not. Details of these
matrices can be found hereafter. The data-generating process in the experiment is
obtained from Systems (22) or (23).

Remark 1 The necessary and sufficient conditions for the non-ZLB rational expectation
equilibrium under IT to be locally determinate is k(¢™ — 1) + (1 — 5)¢? > 0 (see Bullard
& Mitra [2002]).

Remark 2 The necessary and sufficient conditions for the non-ZLB rational expectation
equilibrium under PLT to be locally determinate is ¢* > 0 and ¢¥ > 0 (Proof: see Ap-
pendix B.3 below).

The rational expectation equilibrium (REE) of both economies are solved here-
after.

At the targeted steady state, the policy parameters, as mentioned in the main text
Wy = ¢ = 1, " = ¢F = 1.5, satisfy both remarks. To construct the guid-
ance specification under PLT-G, we first solve for the rational expectation equilib-
rium in the PLT model using the method of undetermined coefficients, i.e. MSV-
REE (see hereafter). The MSV-REE solution under non-ZLB binding PLT takes the
form:

7y = Oz, 1 + Xey, (24)

where © and X are the MSV-REE matrices. The equilibria include the lagged
variable z,_;. Therefore, the equilibria under PLT are path-dependent as the price
gap contains all previous inflation gaps (per Eq. (4)).

It is worthwhile to shortly digress from the guidance specification and discuss the
property of ©, which carries the distinctive feature of the PLT regime, which is in
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stark contrast to IT, where the MSV-REE solution under non-ZLB binding reduces
to z; = X¢, which depends only on the shocks and not on the history of the
endogenous variables. Given our parameterization, © takes these approximate
numerical values:

0 0 —0.78

0 0 —0.18

0 0 0.56
Abstracting from the shock structure, the MSV-REE reduces to 4§, = —0.78p,_1,
7, = —0.18p,_; and p; = 0.56p,_1. The two negative entries indicate that any

deviations of inflation from the target that cause the price level to be off-track are
corrected by opposite and hawkish movements in output and inflation until the
price gap is closed.

B MSV-REE derivations

B.1 PLT

We use the method of undetermined coefficients to solve for the MSV-REE under
PLT. Abstracting again from the shock structure, under PLT, there are three state
variables: the output gap, the inflation gap, and the price gap. We define z; =

(g)t T D t), and rewrite the system of equations (1), (2), (4), and (5) as:
7z = o+ BEzi 1 + Czioy + X0 + X"a, (25)

where 3.3, Bsxs, Csxs, Xax; and x4, are parameter matrices that depend on
whether the ELB binds or not. The general form of the MSV-REE solution then
takes the expression:

z; =a+ 0Oz, +cg, + diy, (26)

where the coefficient matrices azy1, O3x3,c3x1 and dsx; also depend on whether
the ELB binds or not. Applying the unconditional expectation operator to (26),
rational expectations look like:

Fizi 1 = a+ Oz + cp?g; + dp“iy. (27)
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Inserting these into (25) yields the actual law of motion of the economy:
70— (1-BO)™ [(a+ Ba) + Cz, 1 + (Bep’ +x%) i + (Bdp" + x")ii].  (28)
Equalizing (26) with (28) yields:

©=(1-BO)'C,a=(I-BO—-B)la,c=(I-BO—-Bp) ' y,d=(1-BO-—
Bp") ™ X"
(29)
At the targeted REE (denoted by a superscript “T”), the ELB does not bind and the
MSV-REE and inserting the interest-rate rule into the IS curve (1) allows one to
obtain o, BT, C”, x9 and x* in (25). We find the MSV parameters at the target:

O = (1-B"O")'C’, a’'=(1-B’@"7 -B”) 'a’, = (1-B7O’-
BTpg)_1 XgT7 d? = (I —_BTOT — ]_D)Tpu)_1 XUT-
(30)
Notice that ® = (I — Be) ' C is a quadratic matrix equation. We solve for the
stable solution ®7 and obtain unique expressions for a’, ®7, ¢’ and d”.

Let us now consider the case when the ELB binds, i.e. 7; = —7. Insert this interest
rate into the IS curve (1) results in o, B, C, x¢ and x" in Equation (29) at the ZLB.
We find the MSV solution at the ZLB a®®, @¢, ¢ and d¢:

Qclb — (I . Belb@elb)_1 Celb,  aelh — (I _ Belb@elb _ Belb2_1 ot el — =
Belb@elb . ]3elbpg)_1 ng”’, delb — (I o Belb@elb o Belbpu)_ Xuew.

(31
Taken together, the MSV-REE under PLT is a piece-wise solution:
~ ~ ~ ~ / aT + @th—l + CTgt -+ dTﬁt ’ if it > —’f,
2= 7 D) = { a® 4 e, + delvi, Cifi, = 7, (32)

B 00 %5
HU—1+5(§12+U_1¢1’) ol, C = 0 0 —rkoLpP
L 0 0

0
where we have: A = |0|, B =
0

Dla D= D=

B R

=<
I
D= D= D=
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o'r 1 o1

0 0 00
and: AZLB — | ko 7|, BZEB = |k B4 ot 0|, CZB = |0 0 0] yZLB =
ko TlF k B4+rot 0 00 1
1 0
Kk 1].
k1
B.2 IT

Using a similar approach, we obtain the REE under IT. The reduced form of the
three NK equations reads as:

zZ; = ( Qt 7%15 )/ = o+ BEtZt_|_1 —+ ngt —+ Xufl/t (33)
The MSV-REE under IT is:
RN al +clg, +d%a, ,ifs >0,
Zy = ( Yt Tt ) - { q¢lb + Celbgt + delbat Jif b = 0, (34)

where the MSV matrices have the following representation:

a=(I-B)la,c=(I-By)'y, andd=(1-Bp")'y", (39

that depends on the corresponding steady state.

At non-ZLB binding for IT, we have: A = {O} , B =

0
1 =1
Q Q
|:ﬁ 1+0—1¢y:| .
Q

Q

l 0.717/30.71(25#
Q Q _
K mo ' 4B(totey) |7 X T
Q Q

_1 —
Atbinding-ZLB for IT, we have: A%L5 = ar }, B#LB = {1 g }, B =

KO™'T
1 0
k 1|
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B.3 Proof of remark 2

We first show the determinacy of the non-ZLB equilibrium under PLT. The system
of four equations of the PLT-economy is as follows:

#ty = BBy + K90 + U,

§o = B — 07 (30— Bifis = 7) + g0
Pt = Pi—1 + T,

=T+ ¢"pr + 0"

Abstracting from the shocks, removing the hat and expectation operator for brevity,
and letting x; = p;_; results in:

1 —K 0 0 Yt 6 0 0 0 Y1
0 14+o0 v otpf 0 e o100 M1 (36)
1 0 -1 1 Dt o 0 0 00 Dt+1 ’
0 0 1 0 Tt 0 0 01 Tyt
which can be rewritten as:
Yt Yi+1
Tt — B 7Tt+1 ’ (37)
yg; Pi+1
Tt T4
K KO —rot
ﬁ + 1¢y+g Y+o 0 ¢y¢+}g
forB=| o+ e U Gite
0 0 0 1
K — KO PY+o+rpt
_ﬁ T Y+o  ¢Yto 0 PY+o

Dropping the definition equation, B becomes as 3 x 3 matrix. The eigenvalues \
of B are the solutions of det(B — AI) = 0, where I is a 3-by-3 identity matrix. The
targeted REE is locally determinate if and only if B has two eigenvalues inside the
unit circle, which holds if ¢ > 0 and ¢Y > 0. This is consistent with the coun-
terpart proof under a non-linearized NK model with a PLT rule in Honkapohja &
Mitra [2020, Online Appendix C].
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Similarly, we examine the stability property of the ELB-REE under PLT. When the
ELB binds, the system reduces to two dimensions:

I —k vy |_| B O Ytv1
o T m] LA e )
or, equivalently:

Ye | _ B+o'k K Yt+1
e o1 1 Ter1 |

of which the remaining 2-by-2 matrix has both eigenvalues within the unit circle
iif # < 1 and o'k < 0, which is violated given that o,x > 0. Therefore, the
ZLB-binding REE is indeterminate.

C The exogenous shock process

Figure 12: Shocks sequence used in all sessions
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D Additional results

Table 4: Panel models of the subjects’ forecasts in each treatment

Tr. IT Tr. PLT Tr. PLT-G
Dependent variable LT Y5 LT Y51 T Y51
(= 0.01 0.29*** -0.17 0.19 0.12%** 0.62%**
(0.01) (0.02) (0.23) (0.23) (0.01) (0.02)
™ 0.52*** 0.05** —-044 —0.64* 0.18** —0.18***
(0.02) (0.02) (0.34) (0.34) (0.02) (0.03)
Ye1 —0.13*** 0.93*** -0.15 0.68 —0.07* 0.65***
(0.03) (0.04) (0.49) (0.49) (0.03) (0.04)
Yi—2 0.10*** —0.27** 0.12 0.03 —0.05 —0.23***
(0.04) (0.05) (0.69) (0.69) (0.04) (0.06)
Yi—3 —0.01 —-0.11* —-0.02 —-0.26 —0.01 —0.15%*
(0.02) (0.03) (0.46) (0.46) (0.02) (0.03)
Ti—1 0.63*** —0.29**  1.94* 0.28 0.70** 0.10
(0.08) (0.11) (0.98) (0.99) (0.07) (0.11)
Ti_o —0.64"* 0.68*** -1.59 —-088 —0.39* —0.22*
(0.08) (0.11) (1.31) (1.31) (0.08) (0.12)
T3 0.02 —0.23*** 0.68 0.75 0.02 0.30**
(0.05) (0.07) (0.75) (0.75) (0.06) (0.08)
Thry 0.33*** —0.06 0.60* 0.43 0.37*** —-0.10
(0.04) (0.06) (0.36) (0.36) (0.05) (0.08)
Shocks 0.08*** 0.12%* —-0.62 —-0.20 0.04* 0.16™**
(0.02) (0.02) (0.77) (0.76) (0.02) (0.03)
Dit—1 0.0002 —0.0001 -0.01 —0.001 —0.06 -0.09
(0.0004)  (0.0005) (0.02) (0.02) (0.04) (0.06)
i1 0.04 —0.22** —-029 -0.17 -0.03 —0.18***
(0.03) (0.05) (0.40) (0.40) (0.03) (0.05)
CB guidance -0.30"  —0.74"
(0.15) (0.23)
Constant 0.67 —0.05 —-1.22 —-1.81 3.69 5.08
(3.41) (3.40) (30.15)
Nb. Obs. 2,484 2,484 2,484 2,484 2,484 2,484
R? 0.87 0.68 0.06 0.07 0.54 0.87

Note: Panel regression models including session and subsession fixed effects (N = 36 subjects
xT = 69 periods); robust clustered standard errors between brackets. The Wu-Hausman test fails
to reject the null hypothesis in all case (the minimum p-value across the six models is 0.19). Varible
7% 4 refers to the best inflation forecast in the group observed at the beginning of period ¢ (from
t — 1). The variable shocks include the demand shocks in Subsession 1 and the cost-push shocks
in Subsession 2. *p<0.1; **p<0.05; ***p<0.01.
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Table 5: Cross-treatment comparison of forecasting performances in the lab

Numerical values Associated p-values
IT PLT PLT-G ITwvsPLT ITwusPLT-G PLTuSPLT-G

Total prediction scores

_ Mean 2537 1555 2672 0.00 0.20 0.00
SD (462) (455) (397)
Mean 2582 904 2085 0.00 0.00 0.00

SD (362) (314) (415)

Note: See Table 3. Payoff in experimental points, higher values indicate a lower forecast errors and
higher earnings in the experiment.

Figure 13: Inflation, output gap and interest rate dynamics in Tr. PLT in the HENK
model over 50 periods for each subsession
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Note: This simulation extends to 50 periods per subsession to illustrate more clearly the persistent
fluctuations observed under PLT in the lab.
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E Instructions booklet and GUI

E.1 Instructions

E.1.1 IT

Welcome to the experiment! You and others are participating in a simulated economic environment as a group of profes-
sional forecasters at a statistical bureau who earn money by providing predictions of output and inflation.

In this experiment, you do not need to have prior experience in performing such tasks nor having a sound economic back-
ground. The instructions will provide a description of your task and sufficient information to help you earn a considerable
amount of money that will be paid shortly after the experiment. If you have any questions at any point, we will be glad to
clarify them. Each participant is paid $7 for attending. Throughout this experiment, you will also earn points based on the
decisions you make.

During the experiment, you are not allowed to use your mobile phone. You are also not allowed to communicate with
other participants. If you have a question, please raise your hand and someone will come to your station.

General information about the experimental economy

The experiment will consist of two sub-sessions. This section describes the experimental economy of the first sub-session,
which lasts for 40 periods. In each period you will be asked to predict output and inflation for the next period. You can
think the current period is today and the next period is tomorrow. Every period, the statistical bureaus then take all the
predictions made by you and other participants; then average them to get the bureaus prediction of output and inflation.

These predictions are useful for households and firms in the economy to guide their decisions.

The economy you are participating in is described by three variables: output, inflation, and interest rate. All variables are
expressed in percentage points; for instance, 4%, -2.5%, 0.25%, 8% etc.

OUTPUT is the amount of goods and services produced by firms and consumed by consumers. In this simulated economy,
we consider a simple measurement for output called output gap. The output gap is simply the percentage difference of
GDP from the best level of GDP. For instance, if the output gap is +1%, the GDP level is 1% higher than the best level. If
the output gap is -1%, the GDP level is 1% lower than the best level. And if the output gap is 0%, the GDP level is at the
best level. The intended output gap in this economy is therefore 0%.

e Todays output gap has a positive relationship with the bureaus prediction of tomorrows output gap. That is, if
the bureaus prediction of tomorrows output gap increases, todays output gap also increases; and vice versa.

o Todays output gap has a positive relationship with the bureaus prediction of tomorrows inflation.

e Todays output gap has a negative relationship with the interest rate set by the central bank, and vice versa. That
is if the interest rate increases, todays output gap decreases; and vice versa.

e Todays output gap has a positive relationship with random demand shock. When shocks are small (between
-0.5% to 0.5%), you can expect shocks in each period to be independent and random (i.e., shock today does not
determine shock tomorrow). When a shock is large, it will determine the following shocks and you can expect
the following shocks to have the same sign but a smaller magnitude (i.e., a large shock will dissipate over a few
periods).

(+) output prediction
(+) inflation prediction
(—) interest rate
(+) shock

output today =
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INFLATION is the percentage change in the average price of goods and services between two consecutive periods. For
instance, if inflation is 5% today, it means that the price level increased by 5% compared to yesterday. If inflation is -5%
today, it means that the price level decreased by 5% compared to yesterday.

The intended level of inflation is 5% in this economy. This means that the price should grow at a rate of 5% per period.

o Todays inflation has a positive relationship with the bureaus prediction of tomorrows inflation.

e Todays inflation has a positive relationship with todays output gap.

(+) output today

inflation today = (4) inflation prediction

o Because arise in the interest rate decreases output today, there is thus a negative relationship between interest rate
and inflation: a rise in interest rate decreases inflation and vice-versa (this is how the policy maker can act upon
inflation by adjusting the interest rate).

INTEREST RATE is the cost of borrowing money (or the benefit of saving money). There is a policymaker called the
central bank.

o The objective of the central bank is to keep the inflation at 5% and the output gap at 0% .

o The shocks may cause the output gap and inflation to deviate from their intended level. The CB increases or
decreases the interest rate to achieve its objective.

o If the CB wants to increase the output gap or inflation it decreases the interest rate, if it wants to decrease the
output gap or inflation it increases the interest rate. Note that the interest rate cannot go below zero.

o Note that due to shocks, the economy will fluctuate and not always at the central banks objective; however, the
economy will be more stabilized under the central banks actions.

Your prediction tasks

Your task in each period of the experiment is to predict the output gap and inflation of the next period. When the ex-
periment starts, you enter the start of period 1 and have to predict the output gap and inflation for period 2. Once all
participants have submitted their two predictions, the average predictions for period 2 and the shock in period 1 deter-
mine the interest rate, inflation, and output gap in period 1. You then enter period 2 and have to submit output gap and
inflation predictions for period 3. This process repeats itself for the length of the session.

Additionally, you will be asked one time for a long-run inflation prediction 11 periods before a sub-session ends. That is,
for the first sub-session; in period 29 you will be asked: What do you think is the long-run inflation in this economy. You
can think the long-run inflation as the inflation at the last period of a sub-session.

Note: your prediction can be positive, negative, or zero, and decimal. For example, if you want to submit a prediction of
0.53% type 0.53; for a prediction of -1.75% type -1.75.

Important remarks

o Inevery period, the bureau averages your and others predictions to compute the bureaus predictions.
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o The predictions of the bureau have an important influence on the output gap and inflation today.
o The central banks objective is to keep the inflation at 5% and the output gap at 0%.

e To help you with your output gap and inflation predictions, the bureau will reveal at the end of each period,
other forecasters latest output gap and inflation predictions and prediction scores (see below how the scores are
computed). This information will be anonymous but will allow you to see who the most accurate forecasters in
the bureau are, on average so far in the experiment and in the last period, and what their predictions are.

Your payment

Your payment will depend on the accuracy of your predictions, measured as the absolute distance (error) between your
predictions and the actual values. For each period, the prediction errors are calculated as soon as the actual values are
known, that is at the end of the next period. For instance, in period 6, you predict output gap and inflation for period 7, so
your prediction errors and payment for period 6 will be computed at the end of period 7. You will be paid based on your
individual performance, not the group performance.

Your prediction score decreases as the prediction error increases. For any error, you make 100/ (1+error) points. Hence, in
the case of perfect prediction (zero prediction error), you get a maximum of 100 points in each period.

Example: If you predict 6 percent inflation and the actual inflation turns out to be 5 percent, your prediction error is |6 — 5| = 1. If
you predict 4.5 percent and the actual inflation turns out 4.9 percent, your error is |4.5 — 4.9 = 0.4.

After the experiment, you will have two total scores, one for inflation predictions and one for output predictions. These
total scores simply consist of the sum of all prediction scores you got during the experiment, separately for output gap and
inflation predictions. You will be paid either for predicting inflation or for output prediction. One of the two scores will be
randomly selected with equal probability for payment at a rate of 20 cents per 100 points. The selected score is the same
for all participants and the random draw is independent of how well you did in the two tasks.

For the one-time long-run inflation prediction, the payment rate is 3 dollars per 100 points, which is 15 times higher than
the short-run prediction. The score for this long-run prediction is evaluated by its absolute distance to the last periods
inflation of the sub-session.

Computer interface and information

The computer interface is mainly self-explanatory. At the beginning of every period, prior to submitting your predictions.
You are provided with the following information.

o The current shock of today.

o All past inflation and your predictions up until yesterday.

o All past outputs and your predictions up until yesterday.

o All past interest rates up until yesterday.

o All past prices and the price if inflation always grows at 5%.

e Your prediction scores of the last period and cumulative scores so far in the experiment.

Additionally, you also see
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o The last period output gap and inflation predictions of your peers, and their corresponding forecasting scores in
the last period only and so far in the experiment.

All this information may be relevant to form your predictions, but this is up to you to make use of it or not.

There will be boxes for you to enter your predictions. When submitting your predictions, use a decimal point if necessary
(not a comma). For example, if you want to submit a prediction of 0.5% type 0.5; for a prediction of -1.75% type -1.75.

[the following information is provided to subjects after the first subsession concluded]
This page describes the experimental economy of the second sub-session, which lasts for 35 periods.

In this sub-session, there will be a change in the nature of the random shocks. Shocks are no longer affecting the output
(therefore removed from the OUTPUT box). Shocks are now affecting inflation as now highlighted in the INFLATION box.
The rest will be identical to the first sub-session.

OUTPUT is no longer affected by the shocks.

(+) output prediction
output today = (+) inflation prediction
(—) interest rate

INFLATION todays inflation now has a positive relationship with random cost-push shock. When shocks are small
(between -0.5% to 0.5%), you can expect shock in each period to be independent and random (i.e., shock today does not
determine shock tomorrow). When a shock is large, it will determine the following shocks and you can expect the following
shocks to have the same sign but a smaller magnitude (i.e., a large shock will dissipate over a few periods).

(+) output today
inflation today = (+) inflation prediction
(4+)shock

E.1.2 PLT

Welcome to the experiment! You and others are participating in a simulated economic environment as a group of profes-
sional forecasters at a statistical bureau who earn money by providing predictions of output and inflation.

In this experiment, you do not need to have prior experience in performing such tasks nor having a sound economic back-
ground. The instructions will provide a description of your task and sufficient information to help you earn a considerable
amount of money that will be paid shortly after the experiment. If you have any questions at any point, we will be glad to
clarify them. Each participant is paid $7 for attending. Throughout this experiment, you will also earn points based on the
decisions you make.

During the experiment, you are not allowed to use your mobile phone. You are also not allowed to communicate with
other participants. If you have a question, please raise your hand and someone will come to your station.

General information about the experimental economy

The experiment will consist of two sub-sessions. This section describes the experimental economy of the first sub-session,
which lasts for 40 periods. In each period you will be asked to predict output and inflation for the next period. You can
think the current period is today and the next period is tomorrow. Every period, the statistical bureaus then take all the
predictions made by you and other participants; then average them to get the bureaus prediction of output and inflation.

These predictions are useful for households and firms in the economy to guide their decisions.
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The economy you are participating in is described by four variables: output, inflation, price gap, and interest rate. All
variables are expressed in percentage points; for instance, 4%, -2.5%, 0.25%, 8% etc.

OUTPUT is the amount of goods and services produced by firms and consumed by consumers. In this simulated economy,
we consider a simple measurement for output called output gap. The output gap is simply the percentage difference of
GDP from the best level of GDP. For instance, if the output gap is +1%, the GDP level is 1% higher than the best level. If
the output gap is -1%, the GDP level is 1% lower than the best level. And if the output gap is 0%, the GDP level is at the
best level. The intended output gap in this economy is therefore 0%.

e Todays output gap has a positive relationship with the bureaus prediction of tomorrows output gap. That is, if
the bureaus prediction of tomorrows output gap increases, todays output gap also increases; and vice versa.

o Todays output gap has a positive relationship with the bureaus prediction of tomorrows inflation.

e Todays output gap has a negative relationship with the interest rate set by the central bank, and vice versa. That
is if the interest rate increases, todays output gap decreases; and vice versa.

o Todays output gap has a positive relationship with random demand shock. When shocks are small (between
-0.5% to 0.5%), you can expect shocks in each period to be independent and random (i.e., shock today does not
determine shock tomorrow). When a shock is large, it will determine the following shocks and you can expect
the following shocks to have the same sign but a smaller magnitude (i.e., a large shock will dissipate over a few
periods).

(+) output prediction
(+) inflation prediction
(—) interest rate
(4) shock

output today =

INFLATION is the percentage change in the average price of goods and services between two consecutive periods. For
instance, if inflation is 5% today, it means that the price level increased by 5% compared to yesterday. If inflation is -5%
today, it means that the price level decreased by 5% compared to yesterday.

The intended level of inflation is 5% in this economy. This means that the price should grow at a rate of 5% per period.
The initial price is 100. In period 1, the intended price is therefore 100*(1+0.05) = 105. In period 2, the intended price is
105*(1+0.05) = 110.25, then 115.8, 121,

e Todays inflation has a positive relationship with the bureaus prediction of tomorrows inflation.

e Todays inflation has a positive relationship with todays output gap.

(+) output today

inflation today = (+) inflation prediction

e Because a rise in the interest rate decreases output today, there is thus a negative relationship between interest rate
and inflation: a rise in interest rate decreases inflation and vice-versa (this is how the policy maker can act upon
inflation by adjusting the interest rate).

PRICE GAP is the difference between the actual price and the intended price. Under intended inflation of 5%, the intended
price sequence is 105, 110.25, 115.8, 121,... For example, in period 2, suppose inflation is only 4% and then the price is 109.02,
given that the intended price for this period is 110.25, we then have a negative price gap being (109.02-110.25) = -1.23. If
inflation is 6% the price is 111.3, and we have a positive price gap being (111.3-110.25) = +1.05. And if inflation is 5% the
price is 110.25, we then have a zero price gap, and zero price gap is the target.

INTEREST RATE is the cost of borrowing money (or the benefit of saving money). There is a policymaker called the
central bank.
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o The objective of the central bank is to keep the inflation at 5% and the output gap at 0% .

e The shocks may cause the output gap and inflation to deviate from their intended level. The CB increases or
decreases the interest rate to achieve its objective.

o To keep the price gap at 0%, the level of target inflation will fluctuate and not always be in line with the 5%
intended level. If the price gap is negative (positive), then inflation needs to be higher (lower) in the next period.

o If the CB wants to increase the output gap or inflation it decreases the interest rate, if it wants to decrease the
output gap or inflation it increases the interest rate. Note that the interest rate cannot go below zero.

e Note that due to shocks, the economy will fluctuate and not always at the central banks objective; however, the
economy will be more stabilized under the central banks actions.

Your prediction tasks

Your task in each period of the experiment is to predict the output gap and inflation of the next period. When the ex-
periment starts, you enter the start of period 1 and have to predict the output gap and inflation for period 2. Once all
participants have submitted their two predictions, the average predictions for period 2 and the shock in period 1 deter-
mine the interest rate, inflation, and output gap in period 1. You then enter period 2 and have to submit output gap and
inflation predictions for period 3. This process repeats itself for the length of the session.

Additionally, you will be asked one time for a long-run inflation prediction 11 periods before a sub-session ends. That is,
for the first sub-session; in period 29 you will be asked: What do you think is the long-run inflation in this economy. You
can think the long-run inflation as the inflation at the last period of a sub-session.

Note: your prediction can be positive, negative, or zero, and decimal. For example, if you want to submit a prediction of
0.53% type 0.53; for a prediction of -1.75% type -1.75.

Important remarks

e In every period, the bureau averages your and others predictions to compute the bureaus predictions.

o The predictions of the bureau have an important influence on the output gap and inflation today.

o The central banks objective is to keep the price gap at 5% and the output gap at 0%.

o To keep the price gap at 0%, the required level of inflation may be different from the intended level of 5%.

e To help you with your output gap and inflation predictions, the bureau will reveal at the end of each period,
other forecasters latest output gap and inflation predictions and prediction scores (see below how the scores are

computed). This information will be anonymous but will allow you to see who the most accurate forecasters in
the bureau are, on average so far in the experiment and in the last period, and what their predictions are.

Your payment
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Your payment will depend on the accuracy of your predictions, measured as the absolute distance (error) between your
predictions and the actual values. For each period, the prediction errors are calculated as soon as the actual values are
known, that is at the end of the next period. For instance, in period 6, you predict output gap and inflation for period 7, so
your prediction errors and payment for period 6 will be computed at the end of period 7. You will be paid based on your
individual performance, not the group performance.

Your prediction score decreases as the prediction error increases. For any error, you make 100/ (1+error) points. Hence, in
the case of perfect prediction (zero prediction error), you get a maximum of 100 points in each period.

Example: If you predict 6 percent inflation and the actual inflation turns out to be 5 percent, your prediction error is |6 — 5| = 1. If
you predict 4.5 percent and the actual inflation turns out 4.9 percent, your error is [4.5 — 4.9 = 0.4.

After the experiment, you will have two total scores, one for inflation predictions and one for output predictions. These
total scores simply consist of the sum of all prediction scores you got during the experiment, separately for output gap and
inflation predictions. You will be paid either for predicting inflation or for output prediction. One of the two scores will be
randomly selected with equal probability for payment at a rate of 20 cents per 100 points. The selected score is the same
for all participants and the random draw is independent of how well you did in the two tasks.

For the one-time long-run inflation prediction, the payment rate is 3 dollars per 100 points, which is 15 times higher than
the short-run prediction. The score for this long-run prediction is evaluated by its absolute distance to the last periods
inflation of the sub-session.

Computer interface and information

The computer interface is mainly self-explanatory. At the beginning of every period, prior to submitting your predictions.
You are provided with the following information.

e The current shock of today.

e All past inflation and your predictions up until yesterday.

e All past outputs and your predictions up until yesterday.

o All past interest rates up until yesterday.

o All past prices and the price if inflation always grows at 5%.

e Your prediction scores of the last period and cumulative scores so far in the experiment.

Additionally, you also see

o The last period output gap and inflation predictions of your peers, and their corresponding forecasting scores in
the last period only and so far in the experiment.

All this information may be relevant to form your predictions, but this is up to you to make use of it or not.
There will be boxes for you to enter your predictions. When submitting your predictions, use a decimal point if necessary

(not a comma). For example, if you want to submit a prediction of 0.5% type 0.5; for a prediction of -1.75% type -1.75.

[the following cost-push shock description provided to subjects after the first subsession concluded is similar across treatments, see

above instruction]
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E.1.3 PLT-G

Welcome to the experiment! You and others are participating in a simulated economic environment as a group of profes-
sional forecasters at a statistical bureau who earn money by providing predictions of output and inflation.

In this experiment, you do not need to have prior experience in performing such tasks nor having a sound economic back-
ground. The instructions will provide a description of your task and sufficient information to help you earn a considerable
amount of money that will be paid shortly after the experiment. If you have any questions at any point, we will be glad to
clarify them. Each participant is paid $7 for attending. Throughout this experiment, you will also earn points based on the
decisions you make.

During the experiment, you are not allowed to use your mobile phone. You are also not allowed to communicate with
other participants. If you have a question, please raise your hand and someone will come to your station.

General information about the experimental economy

The experiment will consist of two sub-sessions. This section describes the experimental economy of the first sub-session,
which lasts for 40 periods. In each period you will be asked to predict output and inflation for the next period. You can
think the current period is today and the next period is tomorrow. Every period, the statistical bureaus then take all the
predictions made by you and other participants; then average them to get the bureaus prediction of output and inflation.

These predictions are useful for households and firms in the economy to guide their decisions.

The economy you are participating in is described by four variables: output, inflation, price gap, and interest rate. All
variables are expressed in percentage points; for instance, 4%, -2.5%, 0.25%, 8% etc.

OUTPUT is the amount of goods and services produced by firms and consumed by consumers. In this simulated economy,
we consider a simple measurement for output called output gap. The output gap is simply the percentage difference of
GDP from the best level of GDP. For instance, if the output gap is +1%, the GDP level is 1% higher than the best level. If
the output gap is -1%, the GDP level is 1% lower than the best level. And if the output gap is 0%, the GDP level is at the
best level. The intended output gap in this economy is therefore 0%.

o Todays output gap has a positive relationship with the bureaus prediction of tomorrows output gap. That is, if
the bureaus prediction of tomorrows output gap increases, todays output gap also increases; and vice versa.

o Todays output gap has a positive relationship with the bureaus prediction of tomorrows inflation.

e Todays output gap has a negative relationship with the interest rate set by the central bank, and vice versa. That
is if the interest rate increases, todays output gap decreases; and vice versa.

o Todays output gap has a positive relationship with random demand shock. When shocks are small (between
-0.5% to 0.5%), you can expect shocks in each period to be independent and random (i.e., shock today does not
determine shock tomorrow). When a shock is large, it will determine the following shocks and you can expect
the following shocks to have the same sign but a smaller magnitude (i.e., a large shock will dissipate over a few
periods).

(+) output prediction
(+) inflation prediction
(—) interest rate
(4) shock

output today =

INFLATION is the percentage change in the average price of goods and services between two consecutive periods. For
instance, if inflation is 5% today, it means that the price level increased by 5% compared to yesterday. If inflation is -5%
today, it means that the price level decreased by 5% compared to yesterday.

The intended level of inflation is 5% in this economy. This means that the price should grow at a rate of 5% per period.
The initial price is 100. In period 1, the intended price is therefore 100*(1+0.05) = 105. In period 2, the intended price is
105*(1+0.05) = 110.25, then 115.8, 121,
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o Todays inflation has a positive relationship with the bureaus prediction of tomorrows inflation.

e Todays inflation has a positive relationship with todays output gap.

(+) output today

inflation today = (+) inflation prediction

e Because a rise in the interest rate decreases output today, there is thus a negative relationship between interest rate
and inflation: a rise in interest rate decreases inflation and vice-versa (this is how the policy maker can act upon
inflation by adjusting the interest rate).

e To help you with your inflation predictions, at the beginning of every period the central bank will publicly
announce the target inflation rate to bring the price to its intended level.

PRICE GAP is the difference between the actual price and the intended price. Under intended inflation of 5%, the intended
price sequence is 105, 110.25, 115.8, 121,... For example, in period 2, suppose inflation is only 4% and then the price is 109.02,
given that the intended price for this period is 110.25, we then have a negative price gap being (109.02-110.25) = -1.23. If
inflation is 6% the price is 111.3, and we have a positive price gap being (111.3-110.25) = +1.05. And if inflation is 5% the
price is 110.25, we then have a zero price gap, and zero price gap is the target.

INTEREST RATE is the cost of borrowing money (or the benefit of saving money). There is a policymaker called the
central bank.

o The objective of the central bank is to keep the inflation at 5% and the output gap at 0% .

o The shocks may cause the output gap and inflation to deviate from their intended level. The CB increases or
decreases the interest rate to achieve its objective.

o To keep the price gap at 0%, the level of target inflation will fluctuate and not always be in line with the 5%
intended level. If the price gap is negative (positive), then inflation needs to be higher (lower) in the next period.

o If the CB wants to increase the output gap or inflation it decreases the interest rate, if it wants to decrease the
output gap or inflation it increases the interest rate. Note that the interest rate cannot go below zero.

e Again, o help you with your inflation predictions, at the beginning of every period the central bank will pub-
licly announce the target inflation rate to bring the price to its intended level.

o Note that due to shocks, the economy will fluctuate and not always at the central banks objective; however, the
economy will be more stabilized under the central banks actions.

Your prediction tasks

Your task in each period of the experiment is to predict the output gap and inflation of the next period. When the ex-
periment starts, you enter the start of period 1 and have to predict the output gap and inflation for period 2. Once all
participants have submitted their two predictions, the average predictions for period 2 and the shock in period 1 deter-
mine the interest rate, inflation, and output gap in period 1. You then enter period 2 and have to submit output gap and
inflation predictions for period 3. This process repeats itself for the length of the session.

Additionally, you will be asked one time for a long-run inflation prediction 11 periods before a sub-session ends. That is,
for the first sub-session; in period 29 you will be asked: What do you think is the long-run inflation in this economy. You
can think the long-run inflation as the inflation at the last period of a sub-session.

Note: your prediction can be positive, negative, or zero, and decimal. For example, if you want to submit a prediction of
0.53% type 0.53; for a prediction of -1.75% type -1.75.
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Important remarks

o In every period, the bureau averages your and others predictions to compute the bureaus predictions.

e The predictions of the bureau have an important influence on the output gap and inflation today.

e The central banks objective is to keep the price gap at 5% and the output gap at 0%.

o To keep the price gap at 0%, the required level of inflation may be different from the intended level of 5%.

e To help you with your output gap and inflation predictions, the bureau will reveal at the end of each period,
other forecasters latest output gap and inflation predictions and prediction scores (see below how the scores are
computed). This information will be anonymous but will allow you to see who the most accurate forecasters in
the bureau are, on average so far in the experiment and in the last period, and what their predictions are.

Your payment

Your payment will depend on the accuracy of your predictions, measured as the absolute distance (error) between your
predictions and the actual values. For each period, the prediction errors are calculated as soon as the actual values are
known, that is at the end of the next period. For instance, in period 6, you predict output gap and inflation for period 7, so
your prediction errors and payment for period 6 will be computed at the end of period 7. You will be paid based on your
individual performance, not the group performance.

Your prediction score decreases as the prediction error increases. For any error, you make 100/ (1+error) points. Hence, in
the case of perfect prediction (zero prediction error), you get a maximum of 100 points in each period.

Example: If you predict 6 percent inflation and the actual inflation turns out to be 5 percent, your prediction error is |6 — 5| = 1. If
you predict 4.5 percent and the actual inflation turns out 4.9 percent, your error is |4.5 — 4.9 = 0.4.

After the experiment, you will have two total scores, one for inflation predictions and one for output predictions. These
total scores simply consist of the sum of all prediction scores you got during the experiment, separately for output gap and
inflation predictions. You will be paid either for predicting inflation or for output prediction. One of the two scores will be
randomly selected with equal probability for payment at a rate of 20 cents per 100 points. The selected score is the same
for all participants and the random draw is independent of how well you did in the two tasks.

For the one-time long-run inflation prediction, the payment rate is 3 dollars per 100 points, which is 15 times higher than
the short-run prediction. The score for this long-run prediction is evaluated by its absolute distance to the last periods
inflation of the sub-session.

Computer interface and information

The computer interface is mainly self-explanatory. At the beginning of every period, prior to submitting your predictions.
You are provided with the following information.

o The current shock of today.
o All past inflation and your predictions up until yesterday.
o All past outputs and your predictions up until yesterday.

o All past interest rates up until yesterday.
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o All past prices and the price if inflation always grows at 5%.

o The target inflation to bring the price gap at 0, announced by the central bank, i.e. the yellow sun in the inflation
chart.

o Your prediction scores of the last period and cumulative scores so far in the experiment.
Additionally, you also see

o The last period output gap and inflation predictions of your peers, and their corresponding forecasting scores in
the last period only and so far in the experiment.

All this information may be relevant to form your predictions, but this is up to you to make use of it or not.
There will be boxes for you to enter your predictions. When submitting your predictions, use a decimal point if necessary

(not a comma). For example, if you want to submit a prediction of 0.5% type 0.5; for a prediction of -1.75% type -1.75.

[the following cost-push shock description provided to subjects after the first subsession concluded is similar across treatments, see

above instruction]

E.2 Examples of screens
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Figure 14: GUIin IT and PLT
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CURRENT PERIOD IS: PERIOD 9

Figure 15: GUILin PLT-G

BUREAU'S MOST RECENT PREDICTIONS PERFORMANCE (ie. predictions of period 8)
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6 1.0 15 84 6.0 35 99
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