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a b s t r a c t

In this paper we propose novel techniques for the empirical analysis of adaptive learning
and sticky information in inflation expectations. These methodologies are applied to the
distribution of households’ inflation expectations collected by the University of Michigan
Survey Research Center. To account for the evolution of the cross-section of inflation fore-
casts over time and measure the degree of heterogeneity in private agents’ forecasts, we
explore time series of percentiles from the empirical distribution. Our results show that het-
erogeneity is pervasive in the process of inflation expectation formation. We identify three
regions of the distribution that correspond to different underlying mechanisms of expecta-
tion formation: a static or highly autoregressive region on the left hand side of the median,
a nearly rational region around the median and a fraction of forecasts on the right hand
side of the median formed in accordance with adaptive learning and sticky information.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

This paper deals with the analysis of private agents’ inflation expectations. Despite the fact central banks claim that
managing inflation expectations is one of the most important prerequisites for attaining price stability and promoting
sustainable growth, still very little is known about consumers’ process of expectation formation. As noted by Bernanke
(2007), reported private sector inflation expectations are important because they signal future inflationary risks and provide
indications about agents’ perception of these risks. Private inflation expectations often diverge from those of the central bank,
and may represent a distinct source of information as well as a potential intermediate target for the conduct of monetary

� We would like to thank the Editor, two anonymous referees, Sean Holly, Seppo Honkapohja, Hashem Pesaran, Cars Hommes, Tiago Cavalcanti, Domenico
Delli Gatti, Chryssi Giannitsarou, Steffan Ball, Jagjit Chada, Daniele Massacci, Linda Rousova and seminar participants at Keele University, Cambridge
University, Catholic University in Milan, WEHIA 2006, St. Louis FED Learning Week 2006, EDGE Jamboree 2006, MMF 2006, EEA Annual Meeting 2007,
and 2nd IFO Conference on Survey data for their comments and invaluable discussion. The research leading to these results has received funding from the
European Commission’s Seventh Framework Programme (FP7/2007-2013) under Socio-economic Sciences and Humanities, grant agreement N. 225408.
All remaining errors are ours. The paper was previously circulated under the title “Heterogeneity and Learning in Inflation Expectation Formation: An
Empirical Assessment”.

∗ Corresponding author.
E-mail addresses: D.Pfajfar@uvt.nl (D. Pfajfar), emiliano.santoro@econ.ku.dk (E. Santoro).
URLs: http://center.uvt.nl/staff/pfajfar/ (D. Pfajfar), http://web.econ.ku.dk/esantoro/ (E. Santoro).

0167-2681/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jebo.2010.05.012

dx.doi.org/10.1016/j.jebo.2010.05.012
http://www.sciencedirect.com/science/journal/01672681
http://www.elsevier.com/locate/jebo
mailto:D.Pfajfar@uvt.nl
mailto:emiliano.santoro@econ.ku.dk
dx.doi.org/10.1016/j.jebo.2010.05.012


D. Pfajfar, E. Santoro / Journal of Economic Behavior & Organization 75 (2010) 426–444 427

policy. We argue that valuable information can be extracted by analyzing the distribution of households’ inflation forecasts,
whereas a substantial number of studies have typically focused on measures of central tendency, such as the mean or the
median forecast.

Our analysis is centered on the development of novel techniques for the assessment of different mechanisms of expec-
tation formation which have been recently advanced in the theoretical literature. The common trait of these theories is to
relax the hypothesis of perfectly informed agents, as assumed in the rational expectations paradigm. Some of these theories
postulate the existence of informational frictions generating sticky expectations, while others conjecture that agents might
act as econometricians when forecasting. The latter approach, widely known as adaptive learning, is extensively discussed
in Evans and Honkapohja (2001). As to sticky expectations, a number of papers (e.g., Carroll, 2003a; Mankiw and Reis, 2002)
show how to generate time dependent rules under which expectations are updated only at fixed intervals. Carroll (2003a,b)
proposes an epidemiological framework whereby consumers update their inflation expectations from the media, which are
assumed to transmit the expectations of the professional forecasters. Mankiw and Reis (2002) suggest that agents update
information more frequently when inflation matters. We put forward novel techniques for the empirical assessment of
adaptive learning and inattentiveness in inflation expectations.

We apply our methodologies, along with traditional tests for rational and adaptive expectations,1 to the distribution of
households’ inflation expectations collected by the University of Michigan Survey Research Center. Our focus on the cross-
section of private agents’ forecasts is aimed at assessing different sources of heterogeneity in the process of expectation
formation. In order to account for the evolution of the cross-section of inflation forecasts over time, we compute percentiles
of the empirical distribution in each period. Therefore, we retrieve monthly time series for each percentile, which convey
information on different agent-types over the cross-sectional spectrum of responses in the empirical density. We find that the
null hypothesis of rationality cannot be rejected just for few percentiles, which are generally placed around or slightly above
the median forecast. We estimate the sticky information model put forward by Carroll (2003a,b) for each agent-type. Only
less than 10 percent of the forecasts reflect regular information updating. We then augment the epidemiological framework
to account for the impact of the level of inflation on the frequency of information updating. The resulting framework is based
on the assumption that agents are more likely to regularly update their information set when inflation “matters”. We show
that this mechanism fits rather well the forecasts in the upper end of the distribution, which reflect greater attentiveness in
periods of high and volatile inflation.

We put forward a novel technique to detect the presence of adaptive learning in the distribution of forecasts. The initial-
ization of the learning algorithm is of crucial importance in the estimation of the gain parameter that indexes the speed of
learning. Previous estimation techniques of models under adaptive learning (Milani, 2007) have generally been pursued by
splitting the time series into two subsamples. The first subsample is used to estimate the initial values of the parameters
in the Perceived Law of Motion (PLM). In turn, these values represent the starting point for the recursive estimation of the
gain parameter in the second part of the sample. The main practical inconvenience of this approach is that it does not allow
the researcher to fully exploit the data available. In addition, this procedure still bears the risk that learning dynamics could
result just as a statistical artifact due to a non-optimal initialization. Our approach abstracts from this criticism, as we search
for the combination of initial values and gain parameter that provide the closest fit of the empirical density, thus preserving
the sample structure and optimizing the initialization.2 Our results suggest that consumers’ expectations on the right hand
side (RHS) of the median forecast display adaptive learning, whereas forecasts on the left hand side (LHS) of the median do
not exhibit such behavior.

We propose an alternative mechanism of expectation formation, whereby households are assumed to update their fore-
casts with respect to (expected) future errors, which are reflected in the difference between their forecasts and those of the
professional forecasters. This mechanism draws on the epidemiological view advanced by Carroll (2003a), and represents a
combination of adaptive learning and sticky information.

Additional time series techniques take into account a wider set of explanatory variables for inflation forecasts and confirm
a significant degree of heterogeneity and asymmetry in the underlying information structure. The forecast range at the center
of the distribution is generally unbiased. However, our results suggest that the forecasts on the LHS of the median forecast are
highly static and entail systematic forecast errors. It can be argued that expectations in this region of the empirical density
are stable around certain digits and that they do not reflect movements in any of the macroeconomic statistics considered
as relevant for the forecasting process. Conversely, forecasts on the RHS tend to over-react to changes in the current rate
of inflation. These findings are in line with the evidence carried out by Curtin (2005), who points out that negative changes
in inflation exert twice the impact as positive changes. As noted above, expectations on the RHS of the median forecast are
consistent with adaptive behavior. In this forecast range information is updated only from time to time.

Three different roots of heterogeneity have been traditionally explored in the literature. Heterogeneous forecasts might
be the consequence of agents (i) employing different models,3 (ii) relying on different information sets or (iii) entailing
different capacities to process information. Some theoretical studies have introduced heterogeneous expectations in stan-

1 See, for a review of these tests, Pesaran (1987), Bakhshi and Yates (1998) and Mankiw et al. (2004).
2 Orphanides and Williams (2003, 2005a,b) and Milani (2007) have provided some empirical support for adaptive learning dynamics in DSGE models.
3 Namely, agents could have different underlying assumptions about the structure of the economy or different parameterizations (or priors) of the same

model.
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