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Abstract

This paper investigates how households form their perceptions of consumer price inflation.
Using data from the harmonized EU consumer survey, we find that inflation perceptions
are ineflicient and highly heterogeneous, yet contemporaneously related to the actual
rate of inflation. Consequently, we estimate how often households update their beliefs
employing Carroll’s (2003) epidemiological model. Our results indicate that inflation
perceptions are generally less responsive to new information than expectations. Unlike
studies on expectations, we cannot confirm that a constant fraction of the population
updates information every month. Also, the cross-sectional heterogeneity of perceptions
is higher than implied by infrequent updating alone.
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1 Introduction

This paper investigates how households form inflation perceptions, defined as the beliefs at
time ¢ about the actual rate of consumer price inflation between month ¢-12 and ¢. Economic
theory suggests that expectations about future inflation have predominant implications for
investment, saving and consumption decisions. We argue, however, that it is just as important
to investigate perceptions of current annual inflation for two main reasons. First, inflation
perceptions are an important determinant of inflation expectations. This is suggested by
results of Benford and Driver (2008) who investigate data from a special issue of the Bank of
England Inflation Attitudes Survey that asks households about how they form their inflation
expectations. Benford and Driver (2008) document that more than 40% of households consider
their perception of current inflation to be a very important factor in expectation formation.
Inflation perceptions are more important than the other factors mentioned, which include
interest rates, the central bank policy target and media reports. Second, perceptions allow
for better tests of rationality and models of belief formation than expectations. Working with
inflation perceptions, the benchmark for the belief that a rational household should adopt is
relatively well-defined. It is the publicly available, official rate of inflation.

The empirical literature on inflation perceptions is scant, both in absolute terms and rela-
tive to the literature on inflation expectations. Only recently, the rise in inflation perceptions
coinciding with the euro cash changeover in the European Monetary Union has drawn in-
creased research attention.! Abstracting from the euro cash changeover, an earlier literature
comprises a small number of papers that investigate household-level data. Using quantitative
survey data from the U.S., Bryan and Venkatu (2001a, 2001b) find that inflation perceptions
of households are significantly biased. Furthermore, they report that the accuracy of inflation
perceptions correlates with demographic characteristics. Jonung (1981) and Palmqvist and
Stromberg (2004) document similar patterns using survey data from Sweden.

The goal of our paper is to understand how inflation perceptions of households are related
to the actual rate of inflation in a sample of 12 European countries. We aim to provide general

evidence rather than focusing on specific factors associated with the euro cash changeover or

!The deviation of perceived from actual inflation rates is documented in ECB (2005). The literature
investigates several explanations for this rise, including increased information processing requirements due to
conversion rates, overreaction to prices of frequently bought items and anchoring of perceptions to prior beliefs.
See Ehrmann (2006), Aucremanne, Collin, and Stragier (2007), Doehring and Mordonu (2007), Dziuda and
Mastrobuoni (2006), Aalto-Setéla (2006), Fluch and Stix (2007) and references therein.



with socioeconomic characteristics. Our analysis begins by presenting evidence on the dynam-
ics and rationality of inflation perceptions. We find that inflation perceptions fail rationality
tests and that perceptions exhibit a high degree of cross-sectional heterogeneity. These broad
patterns are consistent with the epidemiological model of belief formation proposed by Carroll
(2003). In this model, only a fraction of households update their beliefs with the latest infor-
mation in each period. The rest of households is assumed to stick to outdated beliefs. This
model implies an inertial response of the population mean of perceived inflation to changes in
the actual rate of inflation. We formally test whether the dynamics of the survey mean and
the cross-sectional heterogeneity of inflation perceptions can be explained by the epidemiolog-
ical model. This is, to some extent, also an assessment of the sticky information hypothesis
put forward by Mankiw and Reis (2002).2

We find that a share of around 11% of consumers in the euro area update their infla-
tion perceptions within a quarter of a year. These estimates are lower than the updating
frequencies reported by studies relying on survey data about inflation expectations. For Eu-
ropean countries, Dépke, Dovern, Fritsche and Slacalek (2008a, 2008b) find that between 20
and 30 percent of households (and firms) update their expectations within a given quarter.
However, we find that the epidemiological model does not adequately describe perception for-
mation in our sample of European countries. In particular, we show that the cross-sectional
heterogeneity of inflation perceptions is much higher than predicted by the model. We there-
fore conclude that the transmission of information to households and the formation of beliefs
should be described by approaches that include alternative mechanisms which generate an
extra degree of cross-sectional heterogeneity of survey responses.

The paper is structured as follows. Section 2 discusses models of perception formation, in-
cluding the rational perceptions and the epidemiological perceptions model. Section 3 presents
the dataset which is based on the Joint Harmonized EU Consumer Survey and the Swedish
Consumer Tendency Survey. Section 4 investigates general properties of inflation perceptions
and tests the rational perceptions hypothesis. Section 5 assesses the epidemiological model

of perception formation. Section 6 concludes.

2Similar to the epidemiological model, the sticky information model of Mankiw and Reis (2002) assumes
that agents that do not update their information sets stick to outdated beliefs. But unlike in the epidemio-
logical model, agents continue to dynamically compute beliefs based on their outdated information sets. The
epidemiological model assumes that agents stick to their static belief formed at the time of the last update.

3For the U.S., Carroll (2003) and Khan and Zhu (2006) estimate updating frequencies that lie in the same
range.



2 Models of Perception Formation

We initially assume that households form rational beliefs about actual consumer price in-
flation. Following the rational expectations literature, we define perceptions 7} of actual

inflation m; to be rational if:

= Em
where F; is the expectation of actual inflation conditional on the public information set £,
available at time ¢. The rational perceptions hypothesis assumes that agents employ all
available information to form beliefs about actual inflation. This hypothesis can be tested by
investigating whether inflation perceptions are unbiased and information efficient.?

As an alternative to rational perceptions, we consider the epidemiological model of belief
formation proposed by Carroll (2003). The epidemiological model is based on the idea that
households form inflation expectations by probabilistically acquiring new information from
media reports. Carroll (2003) assumes that media reports transmit expectations of profes-
sional forecasters which are subsequently adopted by households. Every household has a
constant probability A of encountering media reports and absorbing the most recent profes-
sional forecasts in a given month ¢. This assumption implies that the population mean of

inflation expectations can be written as a partial adjustment model:

e _ m e
Ty pr12 = AMipp1e + (L= M) T1 41

where 7f, | 15 is the cross-sectional mean of household expectations about the one year ahead
inflation rate, 7" 5 is the inflation forecast of professional forecasters transmitted by the
media and 74 ;. ; is the expected one year ahead inflation rate of households in the previous
month. The coefficient A is equal to the proportion of households that update their inflation

expectations with the new expectation of professional forecasters in a given month.> The

41f Q, contains all information including 7, perceptions are rational if the identity 77 = m; holds. Still,
we rely on less restrictive tests of unbiasedness and information efficiency to assess the rational perceptions
hypothesis since the timing of the household survey is not identical for all households. As will be discussed in
Section 3, the household survey is conducted during the first three weeks of each month.

SCarroll (2003) and Dépke, Dovern, Fritsche, and Slacalek (2008b) estimate this model for the U.S. and
Europe respectively. They find that consumers in the U.S. update their information about once a year, in
Europe about once in eighteen months.



epidemiological model is related to the concept of sticky information introduced by Mankiw
and Reis (2002, 2006). The main assumption in sticky information models is that in each
period, only a fraction of agents acquire new information about the state of the economy
to compute a new path of optimal behavior. Those agents who update are assumed to form
rational expectations based on §2;. Consequently, new information disperses slowly throughout
the population and has a gradual and delayed effect on the aggregate behavior of agents.

The critical decision that has to be made when testing models of expectation formation
concerns the identification of the new information that agents use to update their beliefs. It
is inherently difficult to identify the ex-ante rational value of expectations. The literature on
expectation formation mainly employs two benchmark measures: the actual rate of inflation
materialized in 12 months and inflation expectations of professional forecasters, as in the
model of Carroll (2003). Both benchmark measures of rational expectations can be criticized
on theoretical grounds.

Using the materialized 12 months ahead inflation rate may be flawed if agents assign
positive probability to an important event that does not materialize. In retrospect, one will
then observe biased expectations and autocorrelated expectations errors even if expectation
formation was rational.® Similarly, even rational agents may not identify a regime change as
being permanent at first sight, in which case expectations would again fail rationality tests.
Andolfatto, Hendry, and Moran (2008) confirm this argument in a simulation study building
on the rational expectations New Keynesian model. The model assumes that agents face
a signal extraction problem as they only have incomplete information about the changing
inflation target of the monetary authority. Calibrating the model to fit U.S. business cycle
statistics, Andolfatto, Hendry, and Moran (2008) show that conventional tests of rational
expectations incorrectly reject rationality in about 30% of the simulated samples that span
80 quarters.

Using expectations of professional forecasters as the rational benchmark has some weak-
nesses, too. Several studies report that professional forecasts are biased, see, e.g., Ang,
Bekaert, and Wei (2007), Mehra (2002) and Thomas (1999). A rational household that is
aware of this might thus not rely on professional forecasts when forming inflation expectations.

Moreover, professional forecasters usually disagree. It is unclear which forecast households

5This potential pitfall is also known as the “Peso Problem”, see Jonung and Laidler (1988). For these
reasons it is common practice to assess rationality of expectations only over long time periods.



will refer to. In particular, the literature that investigates strategic forecasting commonly
assumes that forecasts far off the consensus catch more media attention.” Therefore, the
central tendency of professional forecasts might not correspond to the inflation forecast that
households observe in the media and use to update their beliefs with.

Unlike for inflation expectations, the rational benchmark seems well-defined for inflation
perceptions: It is the actual rate of consumer price inflation as published by national statis-
tical offices. Actual consumer price inflation is, with a short publication lag, unambiguously
available to all households, be it as an official news releases of the national authority, be it
through media reports. Therefore, in line with the reasoning of Jonung and Laidler (1988),
inflation perceptions might be better suited to asses rationality and models of belief formation
than inflation expectations.

We thus rewrite the epidemiological model of Carroll (2003) to a partial adjustment model
in which consumers update their inflation perceptions with the actual rate of inflation. We
consider two versions of the model. The first specification assumes that households update
using the contemporaneous, actual rate of inflation. Since the official inflation rate is pub-
lished rather in the beginning to the middle of the following month, the model assumes that
households compile new information based on price changes they observe during economic
interactions in the current month. Consumers that do not update their information set stick
to the same inflation perception as in the previous month. The resulting partial adjustment

model (1) can be written as follows:

= Ame + (1= N7 (1)

The second specification assumes that households use the most recent available official infla-
tion figure to update their information sets. Due to the publication lag of the official inflation
figure, we therefore test whether consumers absorb the one month lagged inflation rate. The

partial adjustment model (2) is given by:

) =Am_1 + (1= N7 (2)

"Making biased forecasts far from the average might in turn be rational behavior by professional economists,
see e.g. Ehrbeck and Waldmann (1996) and Laster, Bennett, and Geoum (1999). In the model of Laster,
Bennett, and Geoum (1999), forecasters are not only paid on basis of the accuracy of their forecast but also
on basis of the media attention they are able to catch. The latter can be obtained by deviating significantly
from the average.



Similar to Carroll (2003), this model implicitly assumes that consumers update their beliefs

with the latest inflation rate published in the media.

3 Data

In the European Union, household inflation perceptions are surveyed as part of the Joint
Harmonized European Union Consumer Survey.® In each member state, national institutes
survey about 1,500 households during the first three weeks of every month. In July 2007,
the overall sample covers 39,900 consumers in 27 member states. Inflation perceptions are
captured by asking households: “How do you think that consumer prices have developed
over the last 12 months? They have...”. Respondents are asked to indicate their beliefs on
an ordinal scale with five response categories given by: “Risen a lot, risen moderately, risen
slightly, stayed about the same, fallen”.

In line with recent literature on expected inflation we quantify the qualitative response
data using the probability method.” We employ the probability method for 5-category re-
sponse data as proposed by Batchelor and Orr (1988). Inflation perceptions are identified
by assuming that perceptions are unbiased with respect to actual consumer price inflation
during the sample period. Under this identification scheme, the probability method allows
to compute the mean and standard deviation of inflation perceptions among respondents in
a given month. A detailed description of the approach and its identifying assumptions are
provided in Appendix A.2.10

To assess the robustness of the quantification method, we additionally discuss estimations
that are based on direct quantitative survey data obtained from the Swedish Consumer Ten-

dency Survey. This survey has been capturing quantitative inflation perceptions on a monthly

8The consumer survey consists of 15 qualitative questions that capture the financial situation, perceived
economic conditions and planned savings and spending. This standard questionnaire is translated into national
languages and may include additional country specific questions, see European Commission (2007).

9Recent contributions that use the probability method to quantify expected inflation are Berk (1999) and
Forsells and Kenny (2004) who quantify EU consumer survey data and Mankiw, Reis, and Wolfers (2004) who
quantify qualitative response data from the University of Michigan Survey of Consumers.

10Batchelor and Orr (1988) extend the probability method developed in Theil (1952) and Carlson and
Parkin (1975) to 5-category response data. Perceived inflation and implied standard deviation of perceptions
are given by equations (A.3) and (A.4) in the Appendix. Maag (2009) assesses the empirical performance
of the probability method using data both on qualitative and quantitative inflation perceptions taken from
the Swedish Consumer Tendency Survey. It is found that in Swedish data, the method applied in this paper
generates series that have a correlation of 0.97 (0.86 in first differences) with actual quantitative inflation
perceptions during 1996-2008.
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Figure 1: Mean and standard deviation of inflation perceptions in the euro area
Notes: The figure shows quantified mean and cross-sectional standard deviation of inflation perceptions in

the euro area. Qualitative response data is quantified using the 5-category probability method under the
assumption that perceptions are unbiased.

basis since January 1996.!1
As a measure for actual inflation we use the annual percent change in the Harmonized

Index of Consumer Prices (HICP) as published by Eurostat. The actual annual inflation rate

is given by m = 100 (me - 1), where P, is the level of the HICP index at the end of month
t. We assume that rational individuals absorb this inflation rate as their belief about actual
inflation.'? For testing the rationality of households, we also compute a price index for out-
of-pocket expenditures. The out-of-pocket expenditures index covers non-durable goods and
consumer services that are frequently purchased and payed in cash. It is based on disaggregate
HICP data obtained from Eurostat.!?

We consider a sample of 10 euro area countries, Sweden, United Kingdom and the euro

area (EA) aggregate.!* For most countries, the sample includes 176 monthly observations

See GfK (2002) for a description of the Swedish Consumer Tendency Survey.

12WWe have employed real time data for HICP inflation rate where available and tested the models. Differences
to using ex post data were insignificant. This result is not surprising, as revisions in inflation rates are rather
rare and small. Therefore, we report the ex post data results, as we have more data points available for earlier
years in the time series dimension.

13We compute the out-of-pocket expenditures index as a consumption weighted average of price series on
COICOP 2 to 4 digit level. The included items are food, beverages, tobacco, non-durable household goods,
transport services, fuel, postal services, hotels, restaurants and hairdressing.

1Of the 12 countries that introduced euro banknotes and coins in 2002, Luxembourg and Portugal are



spanning 01/1993 to 08/2007. It may be reduced depending on the joint availability of survey
data and HICP inflation rates. Table A.1 in the Appendix provides an overview. To account
for potential structural breaks coinciding with the euro cash changeover, we provide additional
estimation results for the subperiods 01/1993-12/2001 and 01/2003-08,/2007.

Figure 1 shows perceived inflation in the euro area. The mean of inflation perceptions
clearly exhibits the so called euro cash changeover effect. Perceived inflation rises above actual
inflation in 2002 and peaks at about 3% in 01/2003. The figure indicates that the gap closes
in early 2004. Perceived inflation has a low standard deviation of 0.44%, while actual HICP
inflation has a standard deviation of 0.58% during 1993—-2007. Relative to the variability of
inflation, the quantified cross-sectional standard deviation of inflation perceptions seems high.
It averages at 1.29% during 1993-2007. As will be discussed below, this quantified series even
tends to underestimate the actual heterogeneity of perceptions.

For the further analysis, stationarity properties of perceived and actual inflation are crit-
ical. We discuss unit root properties and cointegration of actual and perceived inflation both
on a country-by-country basis and in a panel framework. Our analysis begins by testing the
null-hypothesis of a unit root using the augmented Dickey-Fuller (ADF) test. We apply the
sequential model selection procedure following Perron (1988). Additionally, the null hypothe-
sis of stationarity is tested using the Kwiatkowski, Phillips, Schmidt, and Shin (1992) (KPSS)
test. Tables A.2 and A.3 in the Appendix summarize the results for HICP inflation and per-
ceived inflation, respectively. The ADF-tests indicate that actual inflation is stationary in 4
out of 12 countries, whereas perceived inflation is stationary in 2 countries. The KPSS test
always rejects its null hypothesis of stationarity. Clearly, all first differences are stationary.
As perceived inflation rates have substantially increased during the euro cash changeover in
most countries of the euro area, it might well be the case that the ADF tests fail to reject the
null hypothesis due to a level shift in the underlying series. We therefore additionally apply
a unit root test that allows for a deterministic level shift following Saikkonen and Liitkepohl
(2002) and Lanne, Liitkepohl, and Saikkonen (2002). The results are reported in Table A.4
in the Appendix and the conclusions are unchanged. We cannot reject the null of a unit root

in perceived and actual inflation in most countries.

not included since no survey data on inflation perceptions is available. Aggregate actual HICP inflation and
perceived inflation are computed as weighted means of the euro area series. Weights are given by private
domestic consumption expenditures.



While the sample includes a reasonable number of monthly observations, it covers a rel-
atively short time span of only 14 years. As Pierse and Snell (1995) show, the power of a
unit root test primarily depends on the time span rather than on the sampling frequency. To
improve power, we thus additionally investigate unit root properties in a panel setting using
the Im, Pesaran, and Shin (2003) (IPS) and Pesaran (2007) (CIPS) panel unit root tests.
These tests assesses the null hypothesis of a unit root in all countries against the alternative
that inflation is stationary in a significant number of countries. Both test allow for heteroge-
nous short run dynamics and deterministic terms. An important restriction of the IPS test is
that dependence of inflation across countries is only accounted for by cross-sectional demean-
ing. Other forms of cross-sectional dependence that cannot be captured by a homogenous
common time effect may induce a positive size bias (Breitung and Pesaran, 2005). In our
panel of 12 interconnected European economies, overrejection is a relevant issue.'®> The CIPS
test proposed by Pesaran (2007) is a more reliable alternative. This test allows for residual
correlation that is generated by a heterogenous single-factor structure. Its limitation remains
the assumption of a single common factor. Contrary to the country-by-country tests, the
panel unit root tests shown in Table A.5 clearly reject the null hypothesis of a unit root in
inflation. For higher lag orders, the CIPS test clearly rejects the null hypothesis of a unit root
in all series, both in the period 1993-2007 period and in subperiod 1993-2001.'6 The null of
a unit root is not rejected in the shorter subperiod 2003—2007. Perceived inflation appears to
be more persistent than actual inflation. Both tests cannot reject the null hypothesis in the
samples 1993-2007 and 1993-2001.

Due to the ambiguous findings on the stationarity properties, we additionally investigate
cointegration of actual and perceived inflation. Obviously, one would expect that perceived
and actual inflation move together proportionally in the long run. Hence, if the series are I(1)
they should be cointegrated. Table A.6 in the Appendix reports results from Johansen trace
tests on the cointegration rank. The table shows trace statistics for the null hypothesis of no
cointegration (r = 0) and the null hypothesis of one cointegration relation (r = 1) between

actual and perceived inflation during 1993-2007. The tests indicate that actual and perceived

Even after controlling for common time effects, the absolute cross-sectional correlation coefficients still
average at 0.32. See Wang and Wen (2007) for a discussion of potential sources of international synchronization
in inflation rates.

We consider the specifications that include 3 or 4 lags since under-fitting can lead to considerable size
distortions as shown by Im, Pesaran, and Shin (2003).

10



inflation are cointegrated only in Greece and Ireland. Consistent with the ADF test, the full
rank results indicate that an estimation in levels is appropriate for Finland and Sweden.
The general picture of no cointegration remains unaltered in the subperiods 1993-2001 and
2003-2007, as Tables A.7 and A.8 show.

To gain statistical power we also employ panel cointegration tests. We use the residual
based tests proposed by Pedroni (1999, 2004). The null hypothesis of no cointegration in all
countries is tested against the alternative hypothesis that a cointegration relation exists in a
significant number of countries. Cointegration coefficients and short run dynamics are allowed
to differ across countries.!” Table A.9 in the Appendix reports the parametric (analogue to
the augmented Dickey-Fuller ¢-statistic) and nonparametric (analogue to the Phillips and
Perron t-statistic) panel and group mean t-statistics. The panel tests indicate that perceived
and actual inflation are cointegrated over the full sample as well as in the two subperiods.'®
Although the panel result that actual and perceived inflation are cointegrated is intuitively
appealing, the result might also mirror that actual inflation and inflation perceptions are
stationary. The panel unit root tests generally reject the null hypothesis of a unit root in
actual inflation and, on a country-by-country basis, a cointegration relation is detected only
in a small number of countries.

The ambiguous results are in line with the mixed findings of the empirical literature.
Surveying this literature, Altissimo, Ehrmann, and Smets (2006) conclude that empirical
work is rather in favor of stationarity of euro area consumer price inflation.!? Moreover, from
a theoretical economic viewpoint it seems reasonable to assume that inflation and inflation
perceptions are no unit root processes in the sample period considered here. We therefore
estimate our baseline specifications in levels. To assess the robustness, we additionally provide

estimation results in first differences.

7The limitation of this test is that it does not account for cross-sectional relations that cannot be removed
by simple cross-section demeaning. Similar to the panel unit root tests, this may lead to size distortions
(Banerjee, Marcellino and Osbat, 2004).

'8 This result is confirmed by the five other test statistics proposed by Pedroni (1999, 2004).

198till, some recent studies cannot reject the null hypothesis of a unit root in inflation, see e.g. O’Reilly and
Whelan (2005).

11



4 Explorative Analysis

4.1 Accuracy of Inflation Perceptions

This section highlights some general statistical properties pertaining to the dynamics of in-
flation perceptions and empirically motivates the epidemiological model of belief formation.
The analysis begins by investigating the accuracy of inflation perceptions. As Table 1 shows,
the accuracy with respect to actual HICP inflation varies quite substantially between coun-
tries. The mean absolute error (MAE) ranges between 0.48 and 1.72 percent. It averages
at 0.86% during 1993-2007. This seems relatively high, given that the quantified inflation
perceptions are unbiased by assumption. Compared to the accuracy of inflation expectations
as documented in the literature, inflation perceptions are only slightly more accurate.?’ This
is particularly noteworthy, as inference about current and past inflation entails substantially
less uncertainty compared to inference about the 12 months ahead inflation.

Table 1 additionally reports the correlation (p) of perceived with actual HICP inflation.
Looking at the euro area aggregate, this correlation drops from 0.90 in the period 1993-2001
to -0.04 in the period 2003-2007. The observed decline in correlation is broadly consistent
across euro area countries. In Sweden and the United Kingdom, correlations are stable or
even increase over time. The table also shows correlation of perceived inflation with one
month lagged actual HICP inflation and with inflation in the out-of-pocket expenditures in-
dex. Correlations with one month lagged inflation are virtually identical to contemporaneous
correlations. No clear pattern emerges regarding the correlation between perceived inflation
and out-of-pocket inflation. For the euro area aggregate, the correlation is higher than the
correlation of perceived with actual HICP inflation. At country level, however, the correlation

is higher only in Belgium, Germany, Spain and Italy.

4.2 Rationality of Inflation Perceptions

A large literature investigates rationality of inflation expectations. We borrow rationality
tests from this literature to assess inflation perceptions. Along the lines of Jonung and

Laidler (1988), it may be argued that inflation perceptions are more adequate than inflation

20F.g., Mankiw, Reis, and Wolfers (2004) report that 12 months ahead inflation expectations taken from
the University of Michigan Survey of Consumers have a MAE of 1.07% and a RMSE of 0.85% in the period
1982-2002.

12



Table 1: Accuracy of inflation perceptions by country

1993-2007 93-01 03-07
Country MAE RMSE 0 Plag  POOP P P
AT  Austria 0.74  0.70 0.47 0.48 0.38 0.49 0.19
BE Belgium 0.71  0.60 0.47 0.50 0.52 0.72 0.40
DE  Germany 0.69 0.58 0.23 0.26 048 0.78  -0.58
EA  Euro Area 0.76  0.72 0.45 045 0.77 0.90 -0.04
EL  Greece 1.72  3.76 -0.17 -0.18 n.a. 0.74 -0.34
ES  Spain 0.93 1.06 0.32 0.33 0.68 0.78 0.32
FI Finland 0.86 0.90 0.31 0.35 0.22 0.73 0.57
FR  France 0.69  0.57 0.50 0.51 0.24 0.55 0.26
1E Ireland 0.84 0091 0.71 0.74 0.58 0.90 0.61
IT  Ttaly 0.95 1.11 0.35 0.34 0.69 0.83 0.78
NL  Netherlands 0.84 1.01 0.42 0.46 0.37 0.87 0.58
SE  Sweden 0.66 0.56 0.72 0.70 042 0.77 0.73
SEq Sweden quant. 0.48 0.61 0.66 0.65 0.36 0.70 0.68
UK United Kingdom 0.63  0.51 0.35 0.35 0.29 -0.02 0.61

Notes: The table shows mean absolute error (MAE), root mean squared error (RMSE) and correlation (p) of
perceived inflation relative to actual HICP inflation. piag and poop denote correlation coefficients of perceived
inflation with one month lagged HICP inflation and out-of-pocket expenditures inflation, respectively.

expectations for testing rationality of households, since the rational benchmark is relatively
well-defined. Tests of rationality include the related aspects of unbiasedness and information
efficiency. Since the quantification method imposes unbiasedness, we can only assess bias in
the quantitative data for Sweden. During 01/1996-08/2007, inflation perceptions of Swedish
households are unbiased with a statistically insignificant average perception error of m; — 7} =
0.01%. This finding is in contrast to significant biases documented by Bryan and Venkatu
(2001a, 2001b) for U.S. survey data.?!

We thus assess rationality by testing whether agents efficiently use available information
to form their perceptions of inflation. As a first test of efficiency, we assess whether per-
ception errors, defined as the difference between actual and perceived inflation, are serially
correlated. Clearly, if perception formation is rational, past perception errors have no pre-
dictive content for subsequent errors. The first panel of Table 2 reports estimation results
on the serial correlation of perception errors over non-overlapping periods. Both in the euro

area and in Sweden, perception errors exhibit pronounced serial correlation.?? The results for

21Using monthly household survey data of the Federal Reserve Bank of Cleveland, Bryan and Venkatu (2001a,
2001b) show that inflation perceptions (and expectations) of U.S. households average several percentage points
above actual consumer price inflation.

22We only report results for the EA and Sweden, the remaining country-by-country results are broadly in
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Sweden using quantified and quantitative (denoted by the country code SEq) survey data are
consistent.

The second panel of Table 2 investigates whether perceptions efficiently incorporate pub-
licly available information. In defining the relevant information set we follow the literature
on inflation expectations and include the money market rate and the unemployment rate.
In addition, we consider out-of-pocket expenditures inflation. The rationale for including
the out-of-pocket expenditures inflation is that prices of out-of-pocket purchases are easily
observable in daily economic interactions. In line with the availability heuristic of Tversky
and Kahnemann (1973), the easily recalled out-of-pocket expenditures inflation rate may thus
give direction to how households perceive actual consumer price inflation. The table shows
that the unemployment rate is weakly significant in the euro area previous to the introduction
of the euro. It is highly significant for Sweden, both in quantified and quantitative survey
data. While the money market rate is insignificant, out-of-pocket expenditures inflation is
significant in the post-changeover period and in the quantified series for Sweden. The negative
coefficient suggests that consumers over-react to out-of-pocket expenditures inflation in the
sense that an increase in out-of-pocket inflation raises perceived inflation relative to actual
inflation (which decreases the perception error).

Third, we investigate whether the bias in perceptions occurs because households are re-
luctant to revise their prior beliefs. This is the so called expectancy confirmation hypothesis
investigated by Traut-Mattausch et al. (2004) in an experimental setting. As shown in the
third panel of Table 2, past inflation expectations are significant only for the euro area and
only in the post cash-changeover period.?> The negative coefficient indicates that during
this period, households’ inflation perceptions overreacted to own past expectations such that
perceptions exceeded actual inflation.?

The tests of information efficiency indicate that consumers could improve their inflation
perceptions by using readily available information, such as past inflation or past perception

errors. We conclude that inflation perceptions are not fully rational.

line with the findings for the EA aggregate.

ZHousehold expectations of the inflation rate during the upcoming 12 months are also taken from the Joint
Harmonized EU Consumer Survey. The qualitative response data is quantified using the probability method
following Batchelor and Orr (1988). For Sweden, the mean of quantitative survey responses on expected
inflation is available.

24This interpretation is confirmed by estimating a model that allows for different coefficients in periods of
positive and negative perception errors. In both periods, the coefficient on expectations is negative.
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Table 2: Information efficiency of inflation perceptions

EA SE SEq
93-07 93-01 03-07 93-07 96-07
Serial correlation
T—12 — Th_19 0.3405**  0.5517***  0.0199 -0.3618%*FF  -0.4605***
(0.1423)  (0.1442)  (0.1687) (0.1372)  (0.1215)
T 164 96 56 131 128
Adj. r-squared 0.47 0.45 0.47 0.13 0.23
Strong-form efficiency
Unemployment rate (t-1)  0.0467 0.0702* -0.3212 0.1053***  0.0976**
(0.0294) (0.0400) (0.4308) (0.0217) (0.0376)
Money market rate (t-1)  0.0214 0.0651 -0.2048 -0.1033 -0.0069
(0.0435) (0.0446) (0.3348) (0.0648) (0.0601)
Out-of-pocket 71 -0.2820**  -0.0994 -0.7435%+* -0.1209**  -0.0245
(0.1094) (0.0812) (0.1210) (0.0496) (0.0703)
Te—1 0.9025%**  (0.6380***  1.9586%** 0.7214%%%  (.5234***
(0.1652) (0.1325) (0.2600) (0.0658) (0.0718)
Ti_1p — w12 0.1191  -0.2627%**  -0.0717 -0.2032%%  -0.3119%**
(0.0842) (0.0618) (0.1370) (0.0813) (0.0801)
T 127 59 56 127 127
Adj. r-squared 0.6 0.75 0.54 0.7 0.62
Anchoring to expectations
T 194 -0.2042 0.5584 -1.2429%#* -0.0765 0.0710
(0.2682) (0.3422) (0.2185) (0.3753) (0.3478)
™ 19 -0.0015 0.1727 -0.9928%*#* 0.2364 0.3023
(0.2671) (0.6966) (0.1349) (0.2222) (0.2871)
Ti—12 0.5083* -0.1971 0.4401 -0.2895 -0.4550%**
(0.2756) (0.3044) (0.2643) (0.2761) (0.1206)
T 164 96 56 131 128
Adj. r-squared 0.51 0.53 0.65 0.17 0.23

Notes: This table investigates information efficiency of inflation perceptions in the euro area (EA) and Sweden
(SE). Dependent variable is the perception error m — 7} based on quantified inflation perceptions for the EA
and based on quantified (SE) and quantitative (SEq) inflation perceptions for Sweden. Estimations covering
the 1993-2007 period allow for a level shift in 2002. OLS estimation with White standard errors in parentheses.
* ** and *** indicate statistical significance at the 10%, 5% and 1% level, respectively.
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4.3 Relation to Actual Inflation

Given that inflation perceptions are not fully rational, it is natural to ask whether and how
perceptions are temporally related to actual inflation. If households update their judgements
based on official HICP releases, then the HICP inflation rate should be Granger causal to
perceived inflation. We expect a lagged effect of HICP figures since inflation numbers for a
given month are published rather in the beginning to the middle of the following month, while
consumers are surveyed already in the first three weeks of a month. Additionally, if consumers
respond to inflation as observed in daily economic interactions, this should be reflected in an
instantaneous relation between perceived and actual inflation.

We investigate Granger causality in the following bivariate vector-autoregression (VAR)

with p 4+ 1 lags:

D
T
t p+1
=y = Ao+ XAy +uy
Tt
agt all al? Ul g
where Ay = , A = ! ! and u; = ’ . To test whether actual

inflation is Granger-causal to perceived inflation we consider the Wald statistic that imposes
the restriction al? = ... = af = 0 on the first p lags in the estimated VAR (p + 1) model.?®
Instantaneous causality is assessed by testing whether contemporaneous residual correlation
is zero.

The block-exogeneity tests reported in Table 3 suggest that actual inflation is Granger-
causal to perceived inflation (7 — #P) in 6 out of 12 countries. A significant instantaneous
relation (7 «<» 7P) is detected in 8 countries. The table shows that a lagged or instantaneous
relation exists in all countries except Italy and the Netherlands. For the euro area aggregate,
both relations are highly significant. In sum, the results clearly indicate that households do
not only react to reports on past inflation but also adjust their perceptions instantaneously

to information that is available before the official HICP figures are released.

251t is well known that in the presence of highly persistent time series, the Wald statistic to assess Granger
causality may follow a nonstandard distribution. This problem can be avoided by adding an extra lag that
remains unrestricted when testing for causality, see Dolado and Liitkepohl (1996).
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Table 3: Granger-causality in a bivariate VAR

Country m > 7P ™ — 7P m<«aP Lags T
AT 7.22 CRxE 1.41 0.61 2 141
BE 0.27 11.53  *** 1.36 2 174
DE 6.84 HHE 2.07 0.01 2 138
EA 11.91  *** 12.97 0.91 2 174
EL 3.05 * 0.42 0.02 2 174
ES 3.82 Kk 13.95 HE 0.31 2 174
FI 14.53  *** 3.24 1.45 3 139
FR 1.43 15.87  HHk 0.00 2 173
IE 4.24  FRX 6.15 ** 0.47 2 138
IT 16.26  *** 6.15 ** 5.65 ** 2 174
NL 0.54 2.42 0.09 2 174
SE 14.29 kxx 6.12 ** 0.60 2 141
SEq 10.43  *** 2.31 0.01 2 138
UK 2.27 0.00 0.46 2 126

Notes: This table tests Granger-causality between perceived and actual inflation, 01/1993-07/2007. All esti-
mations allow for a permanent level shift in 2002. To account for potential nonstationarity, the models are
overfitted by including an extra lag not considered in block-exogeneity tests. Lags indicates the lag length as
selected by Schwarz Bayesian information criterion (SBC). Instantaneous causality (7w <> «?) is tested using
the statistic Tp? where p is the contemporaneous correlation of residuals and T is the number of observations.
Under the null hypothesis that p = 0, the statistic is asymptotically X2(1) distributed. Granger causality
(m — 7P, ™ + 7P) is assessed by testing for joint-exogeneity of lags of = and #” in the equations for =
and 7 respectively. The Wald statistic has a limiting x*(lags)-distribution. *, ** and *** indicate statistical
significance at the 10%, 5% and 1% level, respectively.

4.4 Implications for Belief Formation

The tests for information efficiency indicate that inflation perceptions are not rational. Also,
we have documented that the survey mean of inflation perceptions is relatively inaccurate.
Nevertheless, inflation perceptions respond to actual inflation, as suggested by the Granger-
causality tests. For most countries, these tests suggest both a contemporaneous and a lagged
response of perceptions to actual inflation. These patterns are broadly consistent with the
epidemiological model of Carroll (2003). In this model, only a fraction of households update
their beliefs in a given period. Consequently, the cross-sectional mean of inflation perceptions
will fail rationality tests but is still contemporaneously related to actual inflation.

Further insights can be gained by considering the cross-sectional heterogeneity of infla-
tion perceptions. As discussed in Section 3, Figure 1 shows the quantified cross-sectional
standard deviation of perceptions in the euro area. The cross-sectional standard deviation

averages at 1.29% which seems high given the moderate variability of inflation. As outlined
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Figure 2: Mean and standard deviation of inflation perceptions in Sweden

Notes: This figure shows the mean and cross-sectional standard deviation of quantitative inflation perceptions
from the Swedish Consumer Tendency Survey.

in Appendix A.2, the quantified standard deviation is even likely to underestimate the actual
degree of heterogeneity. Figure 2 additionally shows the cross-sectional standard deviation
of quantitative inflation perceptions taken from the Swedish Consumer Tendency Survey.
Quantitative survey responses exhibit an average cross-sectional standard deviation of 3.46%
during 1996-2007, whereas inflation perceptions average at 1.47% during the same period.
We thus arrive at a similar conclusion as Mankiw, Reis, and Wolfers (2004) who investigate
inflation expectations of U.S. households. Inflation perceptions are not rational, yet related to
contemporaneous and lagged actual inflation. The epidemiological model outlined in Section
2 is consistent with these broad patterns. Moreover, the model predicts a high degree of
heterogeneity in perceptions, as the staggered updating mechanism generates heterogeneous
information sets. The data confirms that inflation perceptions are highly heterogeneous. The

next section thus investigates the epidemiological model in more detail.
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5 Estimation of Epidemiological Models

5.1 Linear Partial Adjustment Models

This section discusses estimation results of the epidemiological models proposed in Section 2.
Model (1) assumes that households update with contemporaneous actual inflation. The esti-
mation equation is given by:
P _ P
M = Qo+ Q1T + QT + &
Model (2) assumes that consumers who update refer to the most recent available official

inflation figure, which is the one month lagged inflation rate. The regression equation reads:

Wf =oap+am—1 + 0427Tf_1 + &t

For the partial adjustment restriction to hold, we should not be able to reject the hypothesis
that a3 + a2 = 1. We assess this restriction using a standard Wald test. To begin with, we
estimate the models using ordinary least squares (OLS), employing White standard errors
that allow for heteroskedasticity. The estimations for the sample period 1993-2007 control
for the euro cash changeover by including an indicator variable that is unity during 2002-2007
and zero otherwise.

Tables 4 and 5 report country-by-country results for the period 1993-2007. Model (1)
tends to fit marginally better than Model (2), as reflected in the R-squared and the high
significance of the contemporaneous HICP inflation rate. The results for Model (2) suggest
that in some countries not even a small proportion of consumers updates the perception of
inflation with the lagged inflation rate. Both models are clearly rejected by the Wald test of
the coefficient sum restriction. The respective p-values for the Wald tests of the coefficient
restriction ap + g = 1 can be found in the second last column. If one nonetheless inter-
prets the estimated coefficient on actual inflation as an updating frequency, estimations for
Model (1) imply a quarterly updating frequency of 0.11 for the euro area.?® This is consid-
erably lower than the frequencies reported by studies that investigate inflation expectations.

Using household expectations from the University of Michigan Survey of Consumers, Car-

26Quarterly frequencies are given by Aguarterty = 1 — (1 — Amontniy )
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roll (2003) documents an updating frequency of 0.27. Ddpke, Dovern, Fritsche, and Slacalek
(2008b) estimate the updating parameter for four European countries and find updating fre-
quencies that range between 0.18 and 0.32. In contrast to our results, Carroll (2003) and
Dopke, Dovern, Fritsche, and Slacalek (2008b) report that the sum restriction cannot be
rejected.?” Tables A.10 through A.13 the Appendix additionally show results for the pre-
and post-euro cash changeover periods. Levels as well as significances of estimated updating
coeflicients are mostly higher in the pre-euro cash changeover period. In all cases, the partial
adjustment models are clearly rejected by the data.

Tables 4 and 5 also report the p-values of the Breusch-Godfrey LM test for first order
serial correlation of residuals. For Model (1), the test signals significant residual correlation
in 6 countries. For Model (2), significant residual correlation is detected in 7 countries. Due
to the inclusion of a lagged dependent variable, residual correlation renders OLS inconsistent
given that the lagged dependent variable is not predetermined anymore.?® We thus addi-
tionally estimate a consistent specification that assumes an AR(1) residual process by the
iterative Cochrane-Orcutt procedure. This procedure adjusts the original regression equation
for first order serial correlation, such that the residuals of the resulting model are serially
uncorrelated.? Tables A.14 and A.15 in the Appendix show the Cochrane-Orcutt estimation
results for Models (1) and (2), respectively. The results are in line with the OLS estimation
results. The parameter values have similar magnitudes and the Wald test generally rejects
the hypothesis that a; + az = 1.

All tables also report estimation results using the mean of quantitative survey percep-

tions from the Swedish Consumer Tendency Survey (denoted by the country code SEq). The

*"More precisely, Dépke, Dovern, Fritsche, and Slacalek (2008b) report that the restriction is rejected for
France, but holds for the other three countries as well as for the pooled sample.

28Given the model y: = Bo + Biys—1 + ut, OLS is only inconsistent if the condition E (y:—iu:) = 0 is
violated, i.e. if regressors are not predetermined. Note that theoretically, this condition can be satisfied even
if residuals us = y+ — o — B1yi—1 are serially correlated. This can be the case if u; and y;—2 are correlated
and F (yt—1ut) = 0. Then, F (urut—1) = E (ut(ye—1 — Bo — P1yt—2)) = —P1E (utyt—2) # 0. In other words,
consistency requires the special case that E (uiui—1) = —B1E (uryi—2).

2 As outlined in Hamilton (1994), the Cochrane-Orcutt procedure for Model (1) converges to a (local)
maximum of the following conditional likelihood function:

T-1 T7-1

L= - log(2m) — 3 log(c®)
T
7i2(p7 _ _ pi[pi _ _ pD2
20_2 Tt [e7s) Q1T Q2T 4 P |Ti_1 [e%s) 1 TT¢—1 Q2T _o
t=2

The likelihood function for Model (2) is obtained by replacing m¢ with 1.
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findings are consistent with results based on the quantified inflation perceptions, which cor-
roborates the quantification method. In Sweden, the contemporaneous HICP inflation rate
is highly relevant for perceived inflation with coefficient estimates of around 0.12. Compared
to euro area countries, the results are relatively stable across subperiods.

Taking into account that some of the series are highly persistent, we also estimate the

models in first differences. The estimation equation for Model (1) in first differences reads:
ATI‘%7 = ap + a1 A + QQA'T('??I + &¢

Tables A.16 and A.17 in the Appendix report estimation results of Models (1) and (2),
respectively. Both models are rejected even more clearly. The coefficients on actual inflation
are of similar magnitude or slightly higher than in the estimations in levels. The coefficients on
lagged inflation perceptions are mostly negative. Again, we obtain consistent results using the
quantitative and qualitative response data on inflation perceptions from the Swedish survey.

As previously mentioned, it might well be the case that households do not refer to official
HICP inflation when answering the survey. Rather they might report perceptions that rely on
observed price changes in frequently bought items. We have estimated the models using out-
of-pocket expenditures inflation as the measure of actual inflation. Results are qualitatively
unchanged. Again the partial adjustment model is robustly rejected.?’

We conclude that the two epidemiological models of perception formation are not adequate
in our sample of European countries. A possible reason for this negative finding might be the
assumption that the fraction of updating households is time-invariant. In the next section,

we assess specifications that allow for time-varying adjustment parameters.

5.2 Non-Linear Adjustment

If households probabilistically update their information sets, then the probability of updating
will likely be time-varying. In particular, one might expect that the probability of updating
is higher if the inflation rate is high and if using outdated information becomes costly. This
view is supported by empirical findings of Branch (2007). Branch (2007) shows that a model
in which households rationally select predictors by optimizing costs and benefits of predicting

inflation is consistent with inflation expectations from the University of Michigan Survey of

30Results are available upon request.
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Consumers. The idea that economic agents only care about inflation if it becomes costly is
formalized by Akerlof, Dickens, and Perry (2000). These authors introduce the concept of
near rationality. In their model, near rational firms only fully incorporate expected inflation
in wage and price-setting if ignoring inflation is sufficiently costly.

We thus allow for nonlinear updating in models with state-dependent adjustment param-
eters. We consider a simple specification that allows for different updating coefficients in
periods of high and low inflation. Periods of high (low) inflation are characterized by actual
HICP inflation which is above (below) the sample median of HICP inflation. As the median
varies between countries, the estimations take into account that consumers in some countries
are accustomed to higher median inflation rates than consumers in other countries. Tables 6
and A.18 summarize the estimation results for Models (1) and (2). The estimates of the
interaction terms show that the coefficients on contemporaneous and lagged HICP inflation
are generally not higher in periods of high inflation. Also in line with estimation results from
the previous section, households in countries with relatively high median inflation rates (such
as Ireland, Italy, Greece, Spain) do not show higher probabilities of updating. Hence, we find

no evidence for non-linear adjustment or near-rationality in our sample of countries.!

5.3 Actual and Simulated Heterogeneity

The epidemiological model has direct implications for the cross-sectional heterogeneity of in-
flation perceptions. Hence, the model can also be tested by assessing the heterogeneity of
inflation perceptions rather than the central tendency. For inflation expectations, Mankiw,
Reis, and Wolfers (2004) show that the sticky information model is consistent with observed
heterogeneity. Building on Mankiw, Reis, and Wolfers (2004), we compare the simulated
cross-sectional heterogeneity of inflation perceptions in a population that is characterized
by Model (1) to the actual heterogeneity of quantitative answers in the Swedish Consumer
Tendency Survey. We measure heterogeneity by the cross-sectional standard deviation of
quantitative survey responses. The updating parameter A is set to 0.12, which corresponds
to the coefficient estimate in the period 1996-2007. Figure 3 shows the simulated and sur-
vey based series. The mean perception of the simulated population is much smoother than

actual mean of survey perceptions. More important, the cross-sectional standard deviation

31We have also tested for more sophisticated forms of non-linearity using the smooth transition regression
framework. However, using the methods proposed by Terasvirta (2004), linearity was generally not rejected.

25



T T T T T T T
1996m1 1998m1 2000m1 2002m1 2004m1 2006m1 2008m1

Survey mean = --eeeeeeee- Survey SD
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Figure 3: Model prediction and actual perceptions in Sweden

Notes: This figure shows actual and simulated mean and cross-sectional standard deviation (SD) of infla-
tion perceptions from the Swedish Consumer Tendency Survey. The simulation is based on Model (1), i.e.
households update with contemporaneous HICP inflation. A = 0.12. The model is initialized in 01/1993.

o 4 .
T T T T T T T T T
1992m1 1994ml1 1996ml1 1998ml1 2000m1 2002m1 2004m1 2006m1 2008ml

Survey mean = -seeeeeeee- Survey implied SD
Simulation mean ~ ----------- Simulation SD
HICP inflation

Figure 4: Model prediction and actual perceptions in the euro area

Notes: This figure shows the quantified and simulated mean and standard deviation (SD) of inflation percep-
tions in the euro area. The simulation is based on Model (1), i.e. households update with contemporaneous
HICP inflation. A = 0.05. The model is initialized in 01/1993.
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of inflation perceptions in the simulated population is considerably lower than the standard
deviation of actual quantitative survey responses. Also, the actual standard deviation does
not show the distinct dynamic pattern induced by the epidemiological model. According
to the model, heterogeneity rises following a persistent drop or surge in actual inflation to
gradually decline again, as more and more individuals adjust their beliefs to the new level of
inflation. This pattern is reflected in the simulation standard deviation but it is not visible
in the actual survey standard deviation.

Consistent results are obtained for the euro area. Figure 4 shows the quantified standard
deviation and the simulation standard deviation for the euro area aggregate. The updating
parameter A is set to 0.05. Again, the quantified standard deviation, which is likely to under-
estimate actual standard deviation, is much higher than the standard deviation of perceptions
in the simulated population. Also, actual and simulated heterogeneity do not show common
dynamics.

We conclude that the epidemiological model cannot explain the level and dynamics of
cross-sectional heterogeneity. In particular, the level difference in heterogeneity suggests
that other sources of heterogeneity exist than only infrequent updating. Potential sources of
additional heterogeneity include that people update using different information or that people

process information differently.

6 Conclusion

This paper investigates the dynamics of inflation perceptions in Europe. We use monthly
household survey data from the Joint Harmonized EU Consumer Survey spanning 01,/1993—
08/2007. In an explorative investigation, we highlight three stylized facts about inflation
perceptions. First, inflation perceptions do not efficiently incorporate available information
and therefore fail rationality tests. Second, inflation perceptions are highly heterogeneous
across the survey population. Third, inflation perceptions react both instantaneously and
with a time lag to the actual rate of inflation.

These findings are broadly consistent with the epidemiological model of belief forma-
tion proposed by Carroll (2003). In this model, only a fraction of households update their
information sets in a given month. The remaining households stay inattentive and stick

to outdated beliefs about inflation. We estimate two epidemiological models of perception
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formation, assuming that households either use the contemporaneous or the lagged rate of
inflation to update their beliefs with. In almost all countries within the sample, however,
both epidemiological models are clearly rejected as the sum of partial adjustment coefficients
is significantly different from unity. This finding is in contrast to Carroll (2003) and Ddpke,
Dovern, Fritsche, and Slacalek (2008b). Using expectations data rather than perceptions
data, the epidemiological model is not rejected by these authors.

The general picture is confirmed by quantitative response data from the Swedish Con-
sumer Tendency Survey. Compared to euro area countries, the results are relatively stable
across subperiods. Moreover, we find that estimations based on quantified qualitative survey
data are consistent with estimations based on quantitative survey data. This corroborates
the quantification method used for quantifying the qualitative response data from the Joint
Harmonized EU Consumer Survey.

We conclude by comparing the cross-sectional heterogeneity of inflation perceptions in sur-
vey data with the heterogeneity of inflation perceptions in an artificial population that behaves
according to an epidemiological model of belief formation. We find that the epidemiological
model cannot explain the level and dynamics of survey heterogeneity. In particular, the
model significantly underpredicts the actual level of heterogeneity. This suggests that other
sources of heterogeneity exist than only infrequent updating. Potential sources of additional
heterogeneity include that people update using different information or that people process
information differently.

Looking ahead, further insights will be gained by investigating inflation perceptions across
demographic groups. This will also contribute to the understanding of cross-sectional heterogeneity
of beliefs. Moreover, for a better understanding of perception formation and to derive sensible

models of aggregate dynamics, investigating household-level survey data will be essential.
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Appendix

A.1 Sample Summary

Table A.1: Sample summary

Code Country Sample T Mean w1 Median 1 SD 7
AT Austria 10/1995 — 08/2007 143 1.58 1.68 0.60
BE Belgium 01/1993 — 08/2007 176 1.87 1.88 0.71
DE Germany 01/1993 — 08/2007 176 1.41 1.38 0.56
EA Euro area 01/1993 — 08/2007 176 2.11 2.12 0.58
EL Greece 01/1993 — 08/2007 176 5.33 3.81 3.30
ES Spain 01/1993 — 08/2007 176 3.28 3.31 1.00
EU Europe 01/1993 — 08/2007 176 3.21 2.95 1.37
FI Finland 11/1995 — 08/2007 142 1.43 1.32 0.85
FR France 01/1993 — 07/2007 175 1.71 1.77 0.59
IE Ireland 01/1993 - 08/2007 176 3.00 2.65 1.25
IT Italy 01/1993 — 08/2007 176 2.85 2.41 1.15
NL Netherlands 01/1993 - 08/2007 176 2.14 1.82 1.07
SE Sweden 10/1995 — 08/2007 143 1.48 1.37 0.79
UK  United Kingdom 01/1993 - 08/2007 176 1.57 1.51 0.54

Notes: The last three columns show mean, median and standard deviation of the HICP inflation rate in
corresponding sample periods. The sample generally spans 01/1993 to 08/2007 and is defined by the joint
availability of survey data and HICP inflation rates. T denotes the number of monthly observations.

A.2 Quantifying Inflation Perceptions

The Joint Harmonized EU Consumer Survey captures perceived inflation by asking: “How
do you think that consumer prices have developed over the last 12 months? They have...”.
Answers are given on an ordinal scale: “Fallen (S7), stayed about the same (S2), risen slightly
(S3), risen moderately (Sy), risen a lot (S5)”. For further reference, S; through S5 denote the
answer categories, whereas s; through ss are the share of responses in the corresponding cat-
egory excluding the additional “don’t know”-category. We quantify the qualitative response
data employing the 5-category probability method.

Assume that previous to answering the survey, respondent ¢ forms a quantitative percep-
tion 7}, of inflation. Respondent ¢ then answers the EU consumer survey question according

to the following scheme:
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7, < =0 : prices in general are lower (Si)
-0 < 7Tf,@' < 0; : about the same (S3)
0 < Wzi <m —mn : alittle higher (S3)
T — e < 772 , <7 +mn : moderately higher (Sy)
Ty > 7+ alot higher (S5)

Judgements 7%, will vary across respondents due to differences in information processing
or due to the use of different information sets. Assuming that 7, ~ N (77, 0;) and that range

parameters §; and 7, are homogeneous across respondents we obtain:

P
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ro__ _ b o — p
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sy = P(7rt1+nt<7rtl - (A1)

where ®(.) is the standard normal cumulative distribution function. The system of equations

(A.1) can be rewritten to obtain a system of 4 linearly independent equations with 5 unknowns

(va Jt, (Sta U ﬂ—{):
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System (A.2) can be solved for the mean 7! of perceived inflation:
G? + G}
i — (o (A.3)

e ENe e e

In the following, 7 is referred to as “perceived inflation” (rather than “mean of perceived

inflation”). The remaining unknowns are given by:

2

— A4

T LG -GI- G (A.4)
GZ o G3

5, = T t ¢ A5

e e R el el (A.5)
G4 . G5

’r]t = r ¢ ¢ (A6)

e ENe: e yer

To identify the above system, we assume that the reference rate of inflation 7} (the “moderate”
rate of inflation) is constant over time but may differ across countries. Hence, 7] = 7" is a
constant scaling factor to perceived inflation. To determine the moderate level of inflation,
we impose unbiasedness of perceived inflation such that average perceived inflation is equal
to average actual inflation over the sample period:®?
™
o= 1 ET G}+G3 (A7)
T 2it=1 GI+GI—GI—GT

where T is the number of periods and 7 the average actual rate of inflation.

32The unbiasedness assumption is commonly imposed to quantify inflation expectations, see, e.g., Berk
(1999) and Forsells and Kenny (2004).
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Figure A.1: Perceived inflation in Sweden
Notes: The figure shows quantified mean and cross-sectional standard deviation of inflation perceptions as

well as the mean and standard deviation of quantitative inflation perceptions. Qualitative response data is
quantified using the 5-category probability method under the assumption that perceptions are unbiased.

The assumptions imposed by the probability approach have been critically discussed in
the literature. To assess the method, Figure A.1 shows quantified inflation perceptions as well
as actual quantitative perceptions which are available from the Swedish Consumer Tendency
Survey. The quantified mean closely tracks the mean of quantitative survey responses. The
correlation coefficient of the two series is 0.96. The level difference averages at 0.01%. Quan-
titative response data is also available for Austria, where a survey was conducted in June
2004. Stix (2005) reports that inflation perceptions average at 2.7%. The probability method
generates a value of 2.20%. Figure A.1 further indicates that the quantified cross-sectional
standard deviation of perceptions is less accurate. The correlation of the quantified series
with the standard deviation of quantitative responses is only 0.19. Moreover, the quantified
standard deviation averages 1.43% below the actual standard deviation of quantitative re-
sponses. For assessing the heterogeneity generated by models of belief formation we therefore

primarily rely on the quantitative response data from Sweden.
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A.3 Time Series Properties
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Table A.4: Unit root tests allowing for a deterministic level shift

HICP inflation rate Perceived inflation
Country Break date Test statistic Break date Test statistic
AT 04/2001  -2.89 ** 06/2000  -2.43
BE 08/2000  -2.08 06/2000  -1.71
DE 09/2006  -1.71 01/2002  -1.90
EA 01/2002  -1.78 02/2002  -2.16
EL 09/1993  -3.08 ** 06/2005  -1.10
ES 07/2001  -1.68 04/2003  -0.94
EU 01/2002  -2.16 02/2002  -2.58 *
FI 01/1994  -2.27 08/1997  -4.27 ***
FR 01/2002  -2.27 09/1995  -1.00
1IE 12/2000  -1.50 12/2004  -1.87
1T 01/2002  -1.81 11/2004  -1.63
NL 01/2001  -0.44 10/2002  -1.18
SE 01/1994  -2.69 ** 03/2005  -2.18
UK 10/1995  -3.02 ** 03/2006  -2.45

Notes: This table shows unit root test results for actual HICP inflation and perceived inflation. Following
Saikkonen and Liitkepohl (2002) and Lanne, Liitkepohl, and Saikkonen (2002) the tests allow for an exponential
level shift in the data generating process. The sample periods are specified in Table A.1. T is the number of
observations. The test is based on estimating the deterministic term first by generalized least squares under the
null hypothesis of a unit root. Subsequently, an ADF type test is performed on the adjusted series which also
includes terms to correct for estimation errors in the parameters of the deterministic part. The exponential
shift begins at the break date, which is chosen to minimize the generalized sum of squared residuals. Setting
the break date exogenously to 01/2002 does not change any of the results. Critical values are taken from
Lanne, Liitkepohl, and Saikkonen (2002). Estimation is done with the JMulti software from Liitkepohl and
Kritzig (2004). *, ** and *** indicate statistical significance at the 10%, 5% and 1% level, respectively.
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Table A.5: Panel unit root tests

p=1 p=2 p=3 p=4
1993-2007
m (N=12, T=175) IPS -2.520*%  -2.465*  -2.758%%  -2.766**
CIPS -2.866** -2.780** -3.085%** -3.141%**

P (N=9, T=175) IPS -2.192 -2.063 -2.063 -2.048
CIPS -2.409 -2.246 -2.206 -2.068
1995-2001

m (N=12, T=108) 1IPS -2.222 -2.229 -2.501* -2.567**
CIPS -2.473 -2.432 -2.721% -2.978¥H*

P (N=9, T=108) IPS -2.401 -2.211 -2.180 -2.211
CIPS -2.545 -2.364 -2.205 -2.123

2003-2007
m (N=12, T=55) IPS  -2.528%  -2.042 -2.070 -1.944
CIPS -2.527 -2.178 -2.098 -1.942
P (N=12, T=55) IPS  -2.637** -2.464* -2.525%*  -2.302
CIPS -2.803** -2.661* -2.405 -2.512

Notes: This table shows IPS and CIPS panel unit root tests for actual HICP inflation 7 and perceived inflation
wP. TIPS denotes the Im, Pesaran and Shin (2003) ¢-bar statistic and accounts for common time effects.
Following Pesaran (2007), CPIS is the ¢-bar statistic based on cross-sectionally augmented ADF regressions.
Critical values are provided in the respective papers. All statistics are based on AR(p) specifications in levels
that include a deterministic trend and a constant. To obtain balanced panels for perceived inflation, AT, FI,
SE are excluded in the samples 19932007 and 1993-2001. *, ** and *** indicate statistical significance at the
10%, 5% and 1% level, respectively.

Table A.6: Cointegration of actual and perceived inflation, 1993-2007

Country r=0 r=1 Implied r 15} p T

AT 10.49 1.78 0 0.74 2 140
BE 14.36 1.57 0 026 2 173
DE 11.99 2.56 0 0.15 2 173
EA 6.44 0.91 0 0.19 2 173
EL 15.93 **  0.33 1 -0.06 3 172
ES 6.75 1.62 0 025 2 173
EU 9.89 1.40 0 025 2 173
FI 39.28 kK405 KX 2 0.21 2 139
FR 14.58 1.46 0 0.52 2 173
IE 16.01 ** 349 1 0.36 2 173
IT 5.07 2.23 0 023 2 173
NL 14.53 4.97 F* 0 024 2 125
SE 26.63 ***  9.60 *** 2 0.37 2 140
UK 15.32 4.40 ¥ 0 0.13 2 173

Notes: This table shows Johansen tests for the cointegration rank between actual and perceived inflation,
1993-2007. The lag order p is determined using the SBC, a minimum of one lag in first differences is included.
Critical values from Johansen (1995): r=1, 15.41 (5%, **), 19.96 (1%, ***); r=2, 3.76 (5%), 9.24 (1%). S is
the cointegration coefficient in the regression yi;+ = o + Bzt + €;¢+. T denotes the number of observations.
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Table A.7: Cointegration of actual and perceived inflation, 1993-2001

Country r=0 r=1 Impliedr B8 p T
AT 6.92 1.16 0 0.55 2 73
BE 20.01 *** 3.27 1 0.28 2 106
DE 9.91 3.82 0 0.26 2 106
EA 5.70 1.81 0 0.25 2 106
EL 12.56 3.33 0 0.12 2 106
ES 10.28 2.41 0 031 2 106
EU 8.54 2.40 0 0.32 2 106
FI 33.30 *F*3.30 1 0.60 2 72
FR 8.19 2.84 0 0.27 2 106
1E 9.31 1.49 0 0.39 2 106
1T 6.94 1.83 0 0.35 2 106
NL 12.99 0.11 0 027 2 58
SE 22.01 *F* 630 ** 2 033 2 73
UK 8.39 0.82 0 0.10 2 106

Notes: See footnote of Table A.6 for a description.

Table A.8: Cointegration of actual and perceived inflation, 2003—2007

Country r=0 r=1 Implied r I} p T
AT 10.74 4.48 ** 0 0.06 2 53
BE 10.41 3.86 ** 0 0.12 2 53
DE 27.04 FFE 756 Rk 2 -0.24 2 53
EA 16.75  **  6.42 ** 2 -0.01 2 53
EL 23.58 FFK 950 kX 2 -0.55 2 53
ES 11.49 5.68 ** 0 0.09 2 53
EU 26.62 **  3.07 1 -0.23 2 53
FI 12.11 2.99 0 0.14 2 53
FR 18.09 **  6.36 ** 2 0.07 2 53
IE 18.65 ** 4,94 ** 2 0.34 2 53
1T 10.37 0.64 0 1.51 2 53
NL 22.75 FFK 618 *F* 2 1.12 2 53
SE 20.83 FRE 720 RkX 2 048 2 53
UK 11.44 2.02 0 028 2 53

Notes: See footnote of Table A.6 for a description.
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Table A.9: Tests for panel cointegration

1993-2007 1993-2001 2003-2007

Parametric t-statistic

Panel statistic -1.62%* -3.59%H* -2.73HH*
Group mean statistic -2.94%%* -4, 31%%* -2.98%**
Nonparametric t-statistic

Panel statistic -3.09%** -5.28%** -2.98%**
Group mean statistic -4, 52FH* -6.18*** -4.36***

Notes: Pedroni tests for panel cointegration of actual inflation and perceived inflation. Panel cointegration
regressions include time fixed effects. All statistics are standardized and follow a N(0,1) distribution, see
Pedroni (1999, 2004). Estimation has been done using the RATS procedure written by Peter Pedroni. *, **
and *** indicate statistical significance at the 10%, 5% and 1% level, respectively.
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A.4 Further Results
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